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PYLE 
AM/FM/CD/MP3 Player 
Single DIN Attractive die -cast metal face Read, 
MP3 format disks Fully detachable front panel 
Digital clock 160W total maximum output 
power RCA preamp output Includes IR 
remote Model #PLCD45MP3 

You Must Provide this 
Source Code to Receive 
Discount Pricing 

PO 
call toll free 

1- 800-543 -4330 
fax toll free 

1- 800 -765 -6960 
customer service call toll free 

For more 
Electronics 

Visit our website 

1- 877 -626 -3532 

ez 
o! 

*Audio Products 
Books 

Cameras 
*Car Audio 

and Security 
Computer 
Accessories 
Games 
Headphones 
Home Theater 
Joysticks 

±Personal 
Electronics 
Radios 

I 

Receivers 
'Test Equipment 

I Tools 
Tool Boxes /Cases 

k More 

Remote Car Starter 
*Designed for quick DIY installation 
Nine on -board relays greatly ease the 
incorporation into most vehicles 

When combined with the 
separately available 
Bulldog "T- Harness" 
they install into 
many vehicles 
with absolutely 
no wire splicing 

1 , 

Order 
#60 -4685 

$18900 

IRS BULLDOG 

Remote Start 
T- Harnesses 
*Models available 
to fit popular 
Honda, GM, Ford, 
Chrysler, Toyota 
and other makes Allows direct connection 
of remote start system at the base of the 
steering column, without wire splicing 
Call your MCM Sales Representative 
for cross additional reference information 
Call for your specific vehicle model 

Order Description (ea.) 

60 -4700 Fits Many General Motors Vehicles$19.95 
60 -4716 Fits Many Chrysler Vehicles 19.95 
60 -4720 Fits Many Ford Vehicles 19.95 
60 -4722 Fits Many Honda/Acura Vehicles 19.95 

Radio Faceplate 
Case 

Perfect for use with 
any detach face radio 
Protects faceplate 
when removed 
from dash. 

Diagnostic Test CD 
Contains all necessary test tones 
to accurately evaluate, calibrate 
and measure your audio 
equipment Checks 
frequency response 
from 5Hz -40KHz 

Contains over 
40 tracks 

Prices effective April 1 through June 29, 2002. 

CIRCLE 324 ON FREE INFORMATION CARD 

Whistler 
350 Watt Power Inverter 
Plugs directly into automobile 
cigarette lighter Provides 
110VAC output, at 
350 continuous 
watts Modified 
sine wave output 
operates even 
motorized devices 
*Measures only 2" (H) 
x 5.2" (W)x6.3 "(D) 

Three Jack Cigarette 
Lighter Adaptor 
Power multiple products 
from the same lighter 
LED battery status 
indicator 10A fused 
cord May be velcro 
or screw mounted 

A Premier Farnell Company 
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FEATURES 
HEADPHONE AMBIENCE PROCESSOR Peter H. Lehmann 29 

Construct a device to enhance your headphone listening. 

RAYMOND SCOTT Maria Orlando 26 

Read about this pioneer of electronic music, whose inventions still inspire today 

PRODUCT REVIEWS 
GIZMO® 

GPS homing beacons to help locate your children, multi -layer consumer CD burners reach the 2 -GB watermark, and more 
7 

HANDS -ON- REPORT Marc Spiwak 15 

CRN's Technical Editor stops by to gives us the latest report from the notebook marketplace. 

DEPARTMENTS 
PROTOTYPE 10 

Follow the latest advances in technology, which include optical cell stretchers and GM's AUTOnomy. 

AMAZING SCIENCE John lovine 17 

Find out how to add a speech -recognition interface to the robotic arm. 

ALL ABOUT... William Sheets and Rudolf F. Graf 21 

Here is the conclusion of a discussion concerning the practical uses of op -amps. 

O &A Dean Huster 43 

Topics this month range from automobile light tricks to troubleshooting by the seat of your pants. 

PEAK COMPUTING Ted Needleman 49 

Take a close look at the Audigy and Extigy soundcards from Creative Labs. 

SURVEYING THE DIGITAL DOMAIN Reid Goldsborough 51 

Learn how to cool down and overcome technostress. 

SERVICE CLINIC Sam Goldwasser 54 

This treasure trove of electronics resources is brought to you by one of the "Forefathers of FAOs." 

BASIC CIRCUITRY Charles Rakes 58 

Beginners and experts alike can benefit from this lesson on diodes and Darlingtons. 

AND MORE 
EDITORIAL 2 

NEW LITERATURE 3 

YESTERDAY'S NEWS 4 
NEW GEAR 5 

POPTRONICS SHOPPER 61 

ADVERTISING INDEX 80 

FREE INFORMATION CARD 80A 

Poptronics (ISSN 1526 -3681) Published monthly by Gernsback Publications, Inc. 275 -G Marcus Blvd., Hauppauge, NY 1 1788. Second -Class postage paid at Hauppauge, NY and at addi- 

tional mailing offices. One -year, twelve issues, subscription rate U.S. and possessions $24.99, Canada $33.15 (includes G.S.T. Canadian Goods and Services Tax Registration No. 

R125166280), all other countries $33.99. Subscription orders payable in U.S. funds only, International Postal Money Order or check drawn on a U.S. bank U.S. single copy price $4.99. 

Copyright 2002 by Gernsback Publications, Inc.All rights reserved. Hands -on Electronics and Gizmo trademarks are registered in U.S. and Canada by Gernsback Publications, Inc. 

Poptronics trademark is registered in U.S. and Canada by Poptronix, Inc. and is licensed to Gernsback Publications, Inc. Printed in U.S.A. 

Postmaster: Please send address changes to Poptronics, Subscription Dept., P.O. Box 459, Mount Morris, IL 61054 -7629 

A stamped self- addressed envelope must accompany all submitted manuscripts and /or artwork or photographs if their return is desired' should they be rejected. We dis- 

claim any responsibility for the loss or damage of manuscripts and /or artwork or photographs while in our possession or otherwise. 
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Since some of the equipment and circuitry 
described in POPTRONICS may relate to or be 
covered by U.S. patents, POPTRONICS disclaims 
any liability for the infringement of such patents by 
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circuitry, and suggests that anyone interested in 

such projects consult a patent attorney. 

WARNING 
In March 2002's Issue we featured an article entitled Artificial Muscles. The arti- 
cle explained in great detail how Electroactive Polymers are created. One of the 
key ingredients in the chemical recipe was a lethal poison called HYDRAZINE 
HYDRATE. Having read the MSDS, we do not see any possibly legal way that 
the general public could procure this chemical. We implore you DO NOT 
ATTEMPT TO HANDLE THIS CHEMICAL IN ANY FASHION! This hazardous 
recipe is intended for professional chemists and therefore was shown for pure- 
ly educational purposes. 

TECHNOCRAZY 
"If you can't measure it, then surely your ruler must be broken." -anon. 

I had the pleasure of browsing the World Wide Web of Conspiracy this morning. 
Each day I pick a random word, plug it into the search engine, and reap the 
results. Today's word was Technocracy. To paraphrase a 1971 dictionary, a 
Technocracy is a government and social system controlled by scientific techni- 
cians. According to www.technocracyinc.org it is an organization that was found- 
ed by Howard Scott in the early thirties in order to study, measure, and trou- 
bleshoot the productivity of the North American Continent. It appears that even 
back then, scientists were predicting an enormous energy crisis. A chart pre- 
sented by the members of the Technocracy predicted a dire inverse proportion of 
time verses energy production. According to their statistics our planet's popula- 
tion was increasing at an alarming rate, due, in part to technology. Yet, produc- 
tion was on a diving trend. Seeing things from an engineer's point of view, this 
was due to an inefficient system. 

Now, here is where it gets cold and impersonal...Technologists like to refer to 
humans as units. Using advanced laws of thermodynamics, these techs can 
measure the units' output in common terms, such as BTU. The goal of the 
Technocracy is to tap the energy of each unit in the most efficient way. The tech- 
nicians must attempt to predict the "next most probable energy state" of their 
(whoops, I mean the) units. Prior to setting off on this task though, the 
Technologists must first succeed in toppling the pesky Price System, or more 
affectionately known as Uncle Sugar's Fiat Currency Debacle. Let's assume 
(you, me, and the donkey) a dollar is only worth about three calories of heat when 
converted to energy via a blue- tipped wooden match, as opposed to the nearly 
9,000 BTUs put out by an average fleshy unit over an eight -hour period. So, then 
it is safe to say that units are more efficient than money when it comes to ener- 
gy production. Are you following this? Of course you aren't, because I am talking 
double -talk. 

Needless to say I was amused by the anti -capitalist rhetoric and bizarre anti - 
European twist that the original Technocracy possessed. After all, Technocracy 
Inc. is a Washington State -based organization that happily invites American 
housewives of all fonts and hues to join their ranks, but shuns any and all Aliens 
and politicians. Well, isn't that a weird charter. Hmmm, I must not be gifted 
enough to understand the higher purpose of such groups. Personally I am still 
trying to organize a movement among warm- weathered penguins and emus. 
Those are two highly productive populations. The other day I had my penguin up 
to 10,000 BTUs. Little bugger had my whole second floor lit up until his flippers 
blew. Now that's science at work for humanity. 

We Can All Afford To Pay Attention, 

N;Ipikr 
Chris La Morte, 
Managing Editor 



NEW LITERATURE 

The Venture Café 
by Teresa Esser 
Warner Books 

1271 Avenue of the Americas 
New York, NY 10020 
800 -759 -0190 
www.twbookmark.com 
$24.95 
On the campus of MIT, 
the most creative minds 
of high technology get 
together at the Muddy 
Charles Pub and talk 
shop -from lessons they 
have learned and their 
fights in the trenches to 
their accomplishments and 
moments they're most proud of. 

The entrepreneurs share their 
invaluable insights and provide 
personal anecdotes, insider 
information, and practical 
advice vital to success in 
today's fast -paced business 
environment. 

Embedded Systems 

Firmware Demystified 
by Ed Sutter 
CMP Books 

6600 Silacci Way 

Gilroy, CA 95020 
800 - 500 -6875 
www.cmpbooks.com 
$49.95 
Useful for both novice and 
experienced developers alike, 
this guide demonstrates how to 
build a network -bootable embedded 
system application from start to fin- 
ish. Readers get hands -on 
experience with the funda- 
mentals of starting an 
embedded system, includ- 
ing the basic boot in 
assembly language, excep- 
tion handling, flash drivers 
and a flash file system, and 
serial and ethernet con- 
nections. The companion 
CD -ROM contains source 
code, user documentation 
for the boot platform, and 
full, unrestricted GPL distrib- 
ution of Microcross GNU X- Tools. 

Robot 

Building For 

Beginners 
by David Cook 

Springer - Verlag 

175 Fifth Ave. 

New York, NY 10010 
800- 777 -4643 

www.springer- ny.com 

$29.95 
Complete with step -by -step instruc- 

tions and hands -on exper- 
iments, including a line - 
following robot that the 
reader can build out of a 

sandwich container, the 
book provides basic, prac- 
tical knowledge on ama- 
teur robotics. Also fea- 
tured is a consolidated list- 
ing of sources of neces- 
sary tools and parts, as 

well as an in -depth analy- 
sis of digital multime- 
ters. Basic safety and 

numbering systems are also covered. 

Newton's Telecom Dictionary, 18th Edition 
by Hai ìy Newton 

CMP Books 

6600 Silacci Way 

Gilroy, CA 95020 
800 -500 -6875 

www.cmpbooks.com 
$34.95 

A useful resource for 
anyone involved in the 
telecommunications, 
networking, or Internet 
industries, the latest 
edition has a compre- 

hensive technical dictio- 
nary, with over 21,000 terms. This 

updated version features current 
standards, vendor -specific termi- 
nology, and the latest technical 
jargon and phraseology. 

FOR BEGINNERS 
.,....»_..,... 

a± 

Emoedded 5ysterns 

Firmware, 
Demystified 

Understand essential 
hardware details 

Walk through an 
m viartup 

...J nsible 
tform 

Hit -Building Catalog 

from Ramsey Electronics 
793 Canning Parkway 

Victor, NY 14564 
800- 446 -2295 or 716- 9244560 

www.ramseykits.com 
Free 

Offering the latest electronic kits, 

this catalog features amateur radio 
gear -one highlight is 

the LPFM transmit- 
ter and camera, tools 
and test equipment, 
and more. It also in- 
cludes high- perfor- 
mance CCTV cam- 
eras, an electrocar- 
diogram heart mon- 
itor, a lead -acid bat- 
tery charger, and the 
CompuTemp binary 
LED thermometer. 
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VETE1W11V'S NEWS 
A PEEK INTO THE GERNSBACK ARCHIVES 

1900 

1910 

1930 

1940 

Dateline: May 1952 (50 years ago) 
Amateurs and hobbyists can always find practi- 

cal ideas and projects in the pages of Radio 
Electronics. This month features a low -pass TVI fil- 
ter for transmitter operation. There are explanations 
on how to prevent interference and what the FCC 
regulations are -especially since the country is on 
the brink of a new nationwide television system. 
There is also a way to convert the RCA 9T-270 
receiver. A continuing series combining electronics 
with music focuses on the circuitry of the 
Hammond Solovox electric piano and how to con- 
struct your own. 

IT'S EASY TO INSTALL 

t AR ALARMS - MATV -PA - INTERCOMS 

Build IC 

Pocket 

Aar '- 

Dateline: May 1992 (10 years ago) 
This months Popular Electronics is not your 

typical science project manual. While most parents 
help their children build paper -mache volcanoes 
that spew tomato sauce lava, you can now create a 

high -voltage mini -tornado using a clay flowerpot 
and a metal conductor. You can also add stormy 
sounds after reading up on audio indicators and 
acoustics. This issue also introduces the high -tech 
electronics age, with reviews of new equipment 
such as wide -screen televisions and shock -proof CD 
players. 

1952 
I 

1960 

1972 

1980 

1992 

2000 

IA11111 - 
!LI:I:i1L11\ II:S 

ei Te l4rtem r.r U. Tutur. 
a.eseew Tvi Flit... Co.r.rne tn. eTfM 

Dateline: May 1972 (30 years ago) 
Home installations are fun projects that serve a 

purpose. This month's Radio Electronics makes 
installing burglar alarms, various wires, and inter- 
corn systems easy with simple solutions, explana- 
tions of electrical codes, and lists of the necessary 
teols. There are also useful tips on how to repair per- 
sonal appliances, such as a hair dryer. Once the 
home is taken care of, treat yourself by building a 
new 8 -digit pocket calculator or learning about 
amplified car radio antennas for AM and FM. 

A HIGH VOLTAGE MINIATURE TORNADO 

ectror 

nlEAta: 

R,Tìyl x` -rC 
CAPACITORS 
Can t OM or afford 
that special 

coil 
o,r 

.1 coil or Ier your Tel 
other llígh- voltage 
project? Then build 
you, own using our 

coat' designs 
icele, low- 

cord design 



NEW GEAR 
For more information go to page 80A 

USE THE FREE INFORMATION CARD FOR FAST RESPONSE 

Cable Stripper 
Used for cutting and stripping RG -59 and RG- 
6 coaxial cable, the Coaxial Cable Stripper 
($14.99) is ideal for consumers as 

well as those in data 
communications, 
telecommunications, 
and utility applications. 
The hexagon- shaped strip- 
ping station easily strips the outer jacket of the cable, while 

the 18 -gauge stripping station strips the center conductor. 
The curved cutting blade ensures the wire will not slip while 
cutting, and the spring return action reduces hand fatigue. 
GARDNER BENDER 
P.O. Box 3241 
Milwaukee, WI 53201 -3241 
800 -624 -4320 
www.gardnerbender. com 

CIRCLE 60 ON FREE 

INFORMATION CARD 

Resistance Meter 
The IR800 Portable Tester ($395), a 

handheld insulation- resistance meter, 
adapts to a wide variety of applica- 
tions from field installations to pre- 
ventive maintenance and diagnostic 
testing of wiring and other electronic 
products. It offers resistance and 
continuity testing, as well as pro- 
viding accurate insulation- resis- 
tance measurements up to 2000 
ohms. Voltage measurements, 
AC or DC, are possible up to 
1000 volts. A zero- offset adjust- 
ment provides automatic removal 
of lead resistance for optimum 
accuracy at low resistance. 
QUADTECH, INC. 
5 Clock Tower Place 
210 East 
Maynard, MA 01754 
978 -461 -2100 
www. quadtech. com 

CIRCLE 63 ON FREE INFORMATION CARD 

or e-mail: requests @berkshire -is.com 

Network Tester 
An ideal tool for installing 

and maintaining Local Area 
Networks (LAN) running 
the TCP /IP protocol, the 
Pinger Network IP Tester ($349) 
quickly tests proper LAN oper- 

ation after a move, add, or 
change. This handheld tester uses 
the Ping function to verify connectiv- 
ity, to check transmitted and received 
data integrity, and to measure round - 
trip time. It also notifies users of 
duplicate IP address responses and 
when the default gateway cannot be 
located. 
JENSEN TOOLS 

7815 S. 46th St. 
Phoenix, AZ 85044 -5399 

602 -453 -3169 
www.jensentools.com 

CIRCLE 61 ON FREE INFORMATION CARD 

Synthesized In- Circuit Meter 
Able to test components at frequencies 
up to 100 kHz, the Model 886 Synthesized 

In- Circuit LCR/ESR Meter ($769) is 

lightweight, battery- powered, and hand- 
held. Designed for both production - 
line and bench -top testing, this meter 
offers a wide range of measurement 
parameters and test conditions. It fea- 
tures DC resistance measurement, a 

rechargeable battery, 0.5% basic accu- 
racy, a large, dual LCD display, fully 

auto/manual selection, and quick response. 

B &K PRECISION CORP. 
1031 Segovia Circle 
Placentia, CA 92870 -7137 

714- 237 -9220 
www.bkprecision.com 

CIRCLE 62 ON FREE 

INFORMATION CARD 

Impact Socket Sets 
Offering great versatility, both the 
10 Piece Fractional'/ -inch Drive Semi - 

Deep Impact Socket Set ($69.99 
MSRP) and the 12 -Piece Metric'/ -inch 

Drive Semi -Deep Impact Socket Set 
($72.89) provide access in work spaces 

where conventional sockets are too big. 
The two sets feature the patented SureGrip 

design that drives the side of the fastener hex, 
not the corner, increasing its strength and mak- 

ing it effective on partially rounded fasteners. For 
improved fastener contact, the sockets incorporate a 

deeper than standard broach depth and a fully tapered 

111 
nose -down design. 
SK HAND TOOL 
9500 West 55th St., Suite B 

McCook, IL 60525 -3605 
708 -485 -4574 

www.skhandtool.cnn, 
CIRCLE 64 ON FREE INFORMATION CARD 
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Soldering Systems 
Maximizing heat delivery 
at low, safe temperatures, 
the ST35 ($139) and ST55 
($189) Soldering Systems 
also eliminate the need for 
calibration. The ST35 is an 
analog system, while the ST55 
is a fully programmable digital 
system. An included mounting bracket 
allows mounting under a workbench or shelf. Systems are avail- 
able with either the PS -70 soldering iron for micro- applications 
or the PS -90 for medium- and heavy -duty applications. 
PACE 
9893 Brewers Court 
Laurel, MD 20723 -1990 
301- 498 -3252 
www.paceworldwide.com 
CIRCLE 65 ON FREE INFORMATION CARD Digital 

Light Meter 

Workstations 
Theses ergonomic, electrically- driven 
Workstations (starting at $799) provide 
dynamic lifting capacities 
of up to 2500 pounds. 
They come in five differ- 
ent styles and over 50 dif- 
ferent models. Powered by 
quiet linear actuators, these 
units offer push -button 
adjustability for virtually 
any need. The units also 
offer customizing capabili- 
ties and are backed by a 

one -year limited warranty. 
ALL METAL 
DESIGNS, INC. 
700 Windcrest Drive 
Holland, MI 49423 
616- 392 -3696 
www.allmetal.cnin 

CIRCLE 68 ON FREE INFORMATION 

Infra -Red Thermometer 
Measuring surface temperature 
without contact in ranges from 0° 
to 600° F with 1° resolution, the 

Infra -Red Thermometer, Model 42529 
($99) offers a large, backlit LCD for easy 
viewing in dim light. The built -in laser 
pointer targets the area to be measured - 
the narrow field -of -view measures a 1 -inch 

target at a 6 -inch distance. Fixed emissivity 
(0.95) covers 90% of the surface -temperature 
applications. The compact size and light 
weight -6.4 oz. -make it easy to carry 
around. 
EXTECH 
285 Bear Hill Road 

Waltham, MA 02451 -1064 
781- 890 -7440 
www.extech.com 

CIRCLE 67 ON FREE INFORMATION CARD 

Designed for hard -to- 
measure locations with a 

detachable 45 -inch sensor flex - 
cord, the LM631 Digital Light 

Meter ($99.95) is perfect for veri- 
fying workplace illumination stan- 

dards and OSHA requirements. It 
accurately measures light in lux as well 

as foot -candles, features a large 3.5 -digit 
display, uses a CIE spectrum curve for 

accurate human eye response, and sports 
"peak- hold" and "data- hold" functions. 

WAVETEK METERMAN 
P.O. Box 9090 

Everett, WA 98206 -9090 
877 -596 -2680 or 425 -446 -5070 

www. metermna n testtools. com 
CIRCLE 66 ON FREE INFORMATION CARD 

Pelican Micro Cases 
Crushproof, watertight, and corrosion 

proof, these Pelican Micro Cases ($11.95 
$21.95) provide protection for small elec- 

tronic equipment like multimeters, cell 
phones, palm pilots, and pagers. The cases 

come equipped with an automatic pressure 
purge valve that compensates for 
changes in temperature and alti- 
tude, plus a shock -absorbing rub- 
berized tub in the bottom and 

convoluted foam in the lid. 
They are available in a variety of 
sizes. 
JENSEN TOOLS 
7815 S. 40 St. 

Phoenix, AZ 85044 -5399 
602 -453 -3169 

www.jensentools.com 
CIRCLE 69 ON FREE INFORMATION CARD CARD 
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For more information go to page 80.4 

Do You Know Where 
Your Children 
Are? 

Combining Global Positioning 
System (GPS) and digital wire- 
less technologies, the GPS 

Personal Locator ($399 plus a 

monthly service charge of $29.95 
to $39.95) is a miniaturized, watch -like device 
that allows parents to check their children's 
whereabouts 24 hours a day. Parents can 

use the Internet or any phone to pinpoint 
their child's location to within several 
feet within 60 seconds. In an emergency, 
either the child or the parent can 
request a 911 response; and police 
will be dispatched to the site. 

Wherify Wireless, Inc., 2000 
Bridge Pkwy., Suite 201, Redwood 
Shores, CA 94065; 877 - 
LOCATE 1 or 650 -551 -5200; 
www.wherifywireless.com. 

CIRCLE 50 ON FREE 

INFORMATION CARD 

Mobile 
MP3 Hard 
Drive 

or e-mail: reque.ctc@berk.chire-is.com 

Ultra - 
High -End 

Loudspeaker 
Designed to provide "the 

ultimate in sonic performance," 
the K2 S9800 ($25,000 /pair) 

uses a heavy -duty, almost distortion -free woofer. It 
includes a massive 5.7 -pound magnet, 1.6 -inch 

voice coil gap, and 0.8- inch -long voice coil. 
The 3 -inch voice coil in the mid -range 

compression driver feeds into a rapid - 
flare horn shape designed to dramati- 

cally reduce second -harmonic distortion. 
The ultrahigh- frequency compres- 

Home - 
Theater 

Help 
You've got all the gear -so how did lion driver is mated to a specially 

Five Easy Pieces suddenly turn into Mission designed high- frequency horn, 
Impossible? If you're having trouble getting extending its response to beyond 

your home theater properly set up and cali- 50 kHz. Sophisticated adjustment 
brated, check out Home Theater Tune- capabilities that include a bi -amp 

Up ($ I 9.95). This DVD is designed to switch, an LF- damping switch, and 

entertain while teaching you about the an HF level selector assure opti- 
set-up and operation of your mum frequency response. 

DVD player and surround- JBL Consumer Products, 250 
Crossways Park Dr., Woodbury, 
NY 1 1797; 516- 496 -3400; www. 

jbl.com. 
CIRCLE 52 ON FREE 

INFORMATION CARD 

sound system.Various test pat- 
terns and audio signals help 
you get peak performance 

from your gear, including Dolby 
Digital Surround EX and DTS ES 

6.1-channel systems. A DVD -ROM sec- 
tion allows computer users to access a glos- 
sary of technical terms and extensive 
manufacturer and resource directories with 
hotlinks to Web sites. 

Telemarketer 
Turn -Off 

The portable MDP -0I Microdrive Sound & Vision, 1633 Broadway, New Sick of having your dinner 
($849) MP3 record and playback sys- York, NY 10019; 212- 767 -6758; www. (favorite TV show, new novel, con- 

versation, life) interrupted by sales 

calls? Most such calls are computer - 
dialed; a live salesperson comes on the 

line only after you answer the call. 
The TeleZapper ($49.95) is a small 
black box that attaches to your tele- 
phone. It emits a special tone that 
tells the computer your number is 

disconnected, and the number is 

dropped from the call list. As your 
number is removed from more and 

more lists, the calls should be virtually 
eliminated. 

Privacy Technologies Inc., 7005 
Rd., Glenwillow, OH 44139; 888 -217 -9732; 7 

tern provides up to 18 hours of music soundandvisionmag.com. 
storage on its I -GB mini hard drive. It CIRCLE 51 ON FREE 

also adds MP3 playback to Blaupunkt's INFORMATION CARD 

Skyline and Funline series car 
stereos. With the MDP -01 drive, 
users can easily retrieve and take 
along home PC MP3 files -files 
compressed to about one -tenth 
size with no audible loss in quality. 
The included USB reader /writer sta- 
tion and software make it easy to connect 
the unit to a PC to download Internet music 
files or to create MP3 files from any source. 

Blaupunkt, 2800 South 25th Ave., Broadview, IL 60153; 
800 -950 -2528; www.blaupunktUSA.com. 

CIRCLE 53 ON FREE INFORMATION CARD 

Cochran 
www.privacytechnologies.com. 

CIRCLE 54 ON FREE INFORMATION CARD 
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GIZMO® 
Home PDA 

Let the Home Digital Assistant, or 
HDA ($99.95), juggle your family's ,i 
diverse tasks and busy schedules. 
This family- oriented PDA is 

designed to be kept in the 
kitchen, where everyone can 
have easy access to memo 
and voice memo reminders, "to 
do" lists, shopping lists, and schedules. Its phone book 
stores contacts for the whole family.The handheld device 
also contains 500 recipes and allows you to store your 
own favorites, as well. 

Aurora Corporation ofAmerica,3500 Challenger 
St., Torrance, CA 90503 -1640; 800 -327 -8508 
or 310- 793 -5650; www.auroracorp.com. 

CIRCLE 55 ON FREE 

INFORMATION CARD 

Triple Play 
The MW24FM I ($699.99) 

combines a television, a full -func- 
tion DVD player, and a four -head 
hi -fi VCR in one stylish, stream- 
lined unit. The TV features an FST 
Pure flat -screen picture tube for 
greater edge detail and sharpness and 
a wider viewing angle.TheTV /DVD /VCR 
features built -in side -firing stereo speakers, 
as well as digital audio outputs for connecting to 
a full home -theater surround - 
sound system.The unified remote 
control, front -panel inputs with a 

game/TV switch, one -touch record- 
ing, and a 360- minute on /off timer 
make the unit convenient to use. 

Toshiba America Consumer 
Products, 82 Totowa Rd. Wayne, 
NJ 07470-319 1; www.toshiba.com. 

CIRCLE 58 ON FREE 

INFORMATION CARD 

SmartMute 
Radar Detector 
While a vehicle is stopped or moving 
slowly, radar detectors are subject to 

false alarms triggered by automatic 
door openers, microwave links, 
and other non -police radar /laser 
signals. The ESD -9860 ($209.95) 

virtually eliminates such false 
alarms. SmartMute technology senses 

relative vehicle speed and the engine's RPM via an 
activation point that's set by the user. Once it's set, the 

unit mutes all audible incoming radar /laser alerts 
when the engine revs below that point and 

reactivates them when the engine is above 
that point. The detector also features an 

electronic compass, a DigiView data dis- 

Distance play, and Voice Alert, which provides 
specific band and mode messages. 

Cobra Electronics Corp., 6500 Clocker West Cortland St., Chicago, IL 

far 60707; 773 -889 -8870; www.cobra.com. 

laps CIRCLE 57 ON FREE 

INFORMATION CARD 

Spe 
an 

the 

ed 
d 

It's easy to know how 
you've run if you're doing 
around a track.Take to the coun- 
try-or even to the streets -and 
it's difficult to gage your distance 
and speed. The Ironman Speed & 
Distance System sports watch comes 
with a GPS re- ceiver, about the size 
of a cell phone, that transmits pre- - 

cise speed, distance, and pace read- 
ings in real time. The Ironman GPS system 
available with 100 -lap or 50 -lap memory, priced 
$225 and $250, respectively. 

Timex Corp., 555 Christian Rd., P.O. Box 
310, Middlebury, CT 06762 -0310; 800 -367- 

8463 or 203 -346 -5000; www.timex.com. 
CIRCLE 56 ON FREE 

INFORMATION CARD 

is 

at 

Portable 
Jukebox 

With a 10 -GB hard -disc drive, 
the tiny RCA LYRA Personal 

Jukebox, Model RD2800, ($299) is 

big enough to hold thousands of 
songs as well as computer files and 

digital images.When updated to play 
MP3PRO files (via a software down- 

load slated to be available by press 
time), the I I-ounce device will store 

300 hours of music -the equivalent of 
most consumers' entire CD library. It also 

provides complete hard drive capability, 
allowing you to store and 

transport PC or Mac 
files, including digital 
images and documents, 

and to download and 
store information from the 

Internet. 
Thomson Consumer 

Meridian St., Indianapolis, IN 46290; 317- 587 -4450; 
www.rca.com. 

CIRCLE 59 ON FREE INFORMATION CARD 

Electronics, 10330 North 



Cruzin' Along 
The first portable storage 

device with removable and 
upgradeable flash memory 
cards is the Cruzer, a 

pocket -sized unit that 
provides for easy trans- 
port of computer data and 
image files and digital audio 
and video. It accommodates both 
SD cards and MultiMedia cards and is 

fully compatible with PCs and consumer - 
electronic products. Cruzer features Mass 
Storage Class (MSC) compliance for true 
plug- and -play operation when used with 
Windows 2000, Millennium Edition, and 
XP. First -generation Cruzers will be 

available in 32 -, 64 -, 128 -, and 256 -MB 
versions, with prices ranging from 
$59.95 to $199.95. 

SanDisk Corp.; 408 -542 -0500; 
www.sandisk.com. 

, 

2 -GB 
CD /ML 
Burner 

Ideal for PC backup 
and multimedia archiv- 
ing, the 2GB ML CD -RW 
Burner ($199) incorpo- 
rates a MultiLevel (ML) 
read /write chip.This chip adds a 

2 -GB mode to its standard CD- 
R/RW recording capability when used 
with ML -R (write once) or ML -RW (rewritable) 
discs, priced at $1.99 and $2.99, 
respectively.The drive is 

rated at 36X/24X/40X 
in ML mode, allowing 
you to archive 2GB of 
data in less than six min- 
utes. The internal drive with 
ATAPI connectivity is Windows XP- compatible. 

TDK Electronics Corp.; 516- 535 -2646; www.tdk.com. 

Glowing Discs 

Give 'em a 
Hand 

Your CD recordings will 
stand out from the crowd if 
you use Glow Discs glow -in- 
the -dark CD -Rs. With 80- 
minute, 700 -MB capacity 
and I X to 32X write 
speeds, they offer an eye - 

catching alternative to stor- 
ing your favorite MP3 tunes 

or digital photos.They come in packages 

of 10 for $9.99. 
Fuji Photo Film U.S.A., Inc.; 800 -800 -FUJI; 

www.fujifilm.com. 

Now you can control your Mac, PC, 
PlayStation 2, or XBox with a wave of your 

hand -as long as that hand is sheathed in the 
PS Controller ($129). Sensors on the glove -like 

device track the relative position of 
the hand and allow you to shoot a 

gun by moving your trigger fin- 
ger, throw a football, or swing a 

baseball bat. The P5 offers six 
degrees of tracking (X,Y, and Z 

axis, yaw, roll, and pitch) -a big 

step up from trackball, joystick, 
and mouse controllers that 
currently offer a maximum of 

3 degrees of movement. It 
comes with a desk -mounted 

docking station and two USB 
interfaces. 

Essential Reality, 212- 244 -3200; 
www.essentialreality.com. 

Laser Digital 
Copier 

Aimed at the SOHO market, 
the DCP -1400 ($499) is a laser 
printer that also offers digital -copi- 

er and :olor- scanning functions. 
Compatible with both Windows and 

Mac, the device is equipped with paral- 
lel and USB ports. It prints up to 15 

copies -per -minute in printer 
or copier mode and 
has a 50 -page auto 
document feeder. Scan- 

ner resolution is 9600 
dpi, while the laser 
printer offers 600- x 
600- dpi resolution. 

Brother; 908 -704- 
1700; www.brother.com. 
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A LOOK AT 

TOMORROW'S TECHNOLOGY 

Business Buzz 
ROSE -COLORED WINDSHIELDS 
For decades, automotive manufacturers 
have been matching interior detailing to a 

vehicle's exterior paint. Now they are 

gong a step further, with color- tinted win- 
dows. Ford recently displayed a Mighty F- 

350 Tonka truck and a GT40, both 
equipped with Vanceva Color -a glass 
interlayer product from Solutia Inc.; while 
GM's concept Chevrolet Bel Air and 
Pontiac Solstice featured bluish -purple 
and light gray glass, respectively. In addi- 
tion to aesthetics, the laminated glass 
Vanceva Color windows filter road noise, 
provide ten times the intrusion resistance 
of tempered glass, and block 95% of UV 

rays. 

SURROUND IN MOTION 
You've got surround sound in your living 
room. Now, Dolby Laboratories has intro- 
duced Surround in Motion that allows 
licensed manufacturers to create every- 
thing from high -end concert-hall experi- 
ences to affordable surround -sound for 
in -car entertainment systems. At the 
Consumer Electronics Show, Dolby's 
demo vehicle was a 2001 BMW X5 SUV 

outfitted with 5.1- channel Dolby Digital, 
Dolby Surround Pro Logic Il, Dolby 
Headphones (which simulate a 5.1 -chan- 
nel system), and MPL Lossless (the core 
audio technology behind DVD- Audio). The 

vehicle featured a 5.1- channel surround 
processor from Alpine and MB Quart 
loudspeakers. 

MONEY TRACKER 
Wherify Wireless's currency- tracking pack 

uses patented location service technology 
for speedy return of stolen cash and capture 

of the bank robber. The tracking pack, to be 

marketed by Global Pursuit Systems, blends 
GPS, RF beacon, and wireless technologies 

into a miniaturized locator. The currency - 
tracking packs will communicate over a net- 

work covering 4000 U.S. cities and metro 

areas, rapidly pinpointing the bank robber's 

location. Local police will be dispatched via 

Wherify's Location Service Center. 

The Skateboard Car 

GM's concept car, dubbed the AUTOnomy, features a skateboard -like chassis and a remov- 
able body. Shown here is a sporty two -seater. 

What does a car have in common 
with a skateboard (besides four 

wheels)? Well, if the car happens to be 
GM's AUTOnomy concept vehicle, the 
answer is its chassis design. All of its 
propulsion and control systems are con- 
tained within a six- inch -thick, skate- 
board -like chassis, freeing the body 
shape to be virtually anything its design- 
ers can envision. The unique design 
lends itself to customized bodies -and 
even the possibility of leasing multiple 
bodies and swapping them to suit your 
changing moods or transportation 
needs. 

"We've chosen this unique two - 
seater," said Wayne Cherry, GM Vice 
President of Design, referring to the 
concept car unveiled at the North 
American International Auto Show in 
January, "but it doesn't have to be that 
way at all. Next, we might do a mobility 
body that allows a wheelchair user to roll 
right into the driving position or a 10- 
seat transit bus. We've even talked about 
a seating position that puts the driver 
right up front, like a helicopter pilot." 

Skateboard Schematics 
All of AUTOnomy's essential sys- 

tems -which include an innovative fuel 
cell stack and on -board hydrogen stor- 
age system -are packaged in the six - 
inch -thick chassis. The universal 
skateboard chassis design would simplify 
manufacturing and service and speed up 
product development cycles by allowing 
a wide variety of vehicles to be built on a 

small number of platforms. 
At the heart of the electrical system is 

a centrally located universal docking 
port that creates a quick and reliable way 
to connect all of the body systems -con- 
trols, power, and heating -to the rolling 
chassis. That design makes the body 
lightweight and uncomplicated. 

Power By Hydrogen 
The body design is only one of the 

AUTOnomy's innovations. The vehicle is 

the first to be engineered from the ground 
up around a fuel -cell propulsion system. 
Fuel cells remove electrons from hydrogen 
atoms and use them as an electrical current. 
The hydrogen atoms are then combined 
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with oxygen to form water vapor. Powered 
by fuel cells rather than gasoline, such vehi- 

cles, ideally, would emit only water and heat. 
It's also the first to combine fuel cells 

with x -by -wire (or drive -by -wire) technol- 
ogy, which allows steering, braking, and 
other systems to be controlled electronical- 
ly rather than mechanically. With comput- 
ers and software controlling the x -by -wire 
systems, upgrades to improve vehicle per- 
formance or to tailor handling characteris- 
tics can be downloaded easily. 

Larry Burns, GM Vice President, 
Research & Development and Planning, 
says of the AUTOnomy, "It has electric 
motors at all four wheels; and the fuel cell 

stack, hydrogen -storage system, controls 
and heat exchangers are embedded within. 
There is no IC engine; no transmission; no 
drivetrain; no axles; no exhaust system; no 
radiator; and no mechanical steering, brak- 
ing and accelerating linkages. In fact, the 
only things moving other than electrons, 
protons, water and air, are the wheels and 
suspension!" 

Reality Check 
Of course, a "concept vehicle" has a 

long road to travel before it's ready to hit 
the real -life highway. Although GM 
President and CEO Rick Wagoner touts 
the AUTOnomy as "more than a new 
concept car, it's potentially the start of a 

revolution in how automobiles are 
designed, built, and used" -the first 
working prototypes are expected to 
look, and perform, a bit differently. 
Measuring 11 inches, the chassis will be 

almost double the thickness to be able to 
accommodate hydrogen tanks large 
enough for trips of just 100 to 150 miles. 

It's a starting point, however, for GM's 
future vision, summed up by Burns: "The 
20th century way the century of the inter- 
nal combustion engine. The 21St century 
will be the century of the fuel cell." co 

Molecular Chip 

Patent 
A Irisent was awarded to researchers 

At HP Labs and the University of 

California in Los Angeles for their col- 
laboration on a technology that could 
make it possible to make very complex 
logic chips at the molecular scale. The 
patent, issued to James R. Heath of 
UCLA and Philip J. Kuekes and R. 

Stanley Williams of HP Labs, builds on 
their previous patents and research. It is 

funded by a grant from the U.S. Defense 
Advanced Research Projects Agency, 
matched by Hewlett- Packard. 

The team views molecular electron- 
ics as an entirely new technology that 
could augment silicon -based integrated 
circuits within the next ten years -and 
eventually replace them entirely. Unlike 
today's chip- manufacturing process, 
which requires many expensive precision 
steps to create the complex patterns of 
wires that define the computer circuit, 
the molecular electronics technology 
proposes the use of a simple grid of 
atomic -scale wires connected by elec- 
tronic switches a single molecule thick. 

HP Labs had previously demonstrat- 
ed how some rare earth metals naturally 
form themselves into nanoscopic paral- 
lel wires when they react chemically 
with a silicon substrate. Two sets of fac- 
ing parallel wires, arranged roughly per- 
pendicular to each other -think of a 

street map, could then be fashioned into 
a grid. 

In a related experiment, the researchers 
crossed wires the size of those used in 
today's computer chips and sandwiched 
them around a one -molecule -thick layer 
of electrically switchable molecules 
called rotaxanes. By downloading signals 
to molecules trapped between the cross 
wires, they created simple logic gates. 

"That work demonstrated for the 
first time that molecules could be used as 

electronic devices to perform computer 
logic," said Heath, UCLA chemistry 
professor and director of the California 
Nanosystems Institute. 

The team has also patented a memo- 
ry chip based on molecular switches. "In 
the future, programming could replace 
today's complex, high -precision method 
of fabricating computer chips," said Kuekes, 
a senior scientist and computer architect 

Research Notes 
WATER -RESOURCES MODEL 

Researchers at Sandia National Labora- 

tories have created software models that 

calculate tomorrow's water resources 

given today's policy choices. The software 

tool could help avert water crises and 

quell geopolitical tensions. It's important 

not only in regions and nations with criti- 

cal water shortages, but also in areas 

such as the southwestern U.S., where 

sound water- management policies might 

avert a future crisis. The models are 

based on commercially available simula- 

tion software, which provides immediate 

extrapolation and visualization of results. 

Each model is a complex representation 

of the subtle interrelationships among 

ground and surface water sources, 

recharge rates, groundwater pumping, 

irrigation, climate, evapotranspiration, 

and demographics. Future models will 

include other factors, such as environ- 

mental impacts, water quality, economic 

productivity, and an area's social and cul- 

tural foundations. 

"DIET" FOR GLASS 
The 150 pounds of glass sported by 

today's average car translates to reduced 

gas mileage and higher emissions -two 
undesirable conditions. Researchers at 

Pacific Northwest National Laboratory 

(PNNL) and their partners in the automo- 

tive and glass manufacturing industries 

have developed a prototype windshield 

that is 30 percent lighter, yet it retains key 

optical, thermal, and safety properties. 

Related PNNL projects have focused on 

testing the strength of various lightweight 

glass designs and of high -speed impact 

windshields. In addition, the researchers 

are involved in understanding how tem- 

perature, humidity, and flaws impact glass 

strength. Reducing windshield thickness 

by as much as half may result in only 

small decreases in a vehicle's "torsional 

rigidity -an important consideration." 
11 
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at HP Labs. "Once a basic grid has been 
assembled, programming could be used 
to implement a very complex logic 
design by electronically setting the 
appropriate configuration switches in 

the molecular -scale structure." 
However, the researchers faced a 

conceptual barrier to taking full advan- 
tage of the technology and creating 
practical, more complex chips. "The 
problem is that on a single large grid all 
the electrical signals would interfere 
with each other," said Williams, HP 
Fellow and director of quantum science 
research at HP Labs. "It would be like 
removing all the traffic signals from 
Manhattan and demanding a minimum 
speed of 30 mph - the result would be 
total gridlock. Signal lights, or cut wires, 
regulate the flow of traffic and make it 
possible to carry passengers, or informa- 
tion, between any two points on the 
grid. 

Thus, the patented invention cuts the 
wires into smaller lengths by turning 
some "intersections" into insulators. 
The insulators are created by "cutter 
wires," which are chemically distinct 
from the others. A voltage difference 
between the cutter wire and the target 
wire creates the insulator. Controlling 
those voltages and charges involves a 

special demultiplexing technique using a 

chemical process to connect lithograph- 
ically formed wires to the nanometer- 
scale wires. Williams and Kuekes also 
hold a patent on that control technique, 
which also provides a method to connect 
the molecular -scale devices to current 
technology. 

"Essentially," said Williams," you 
subdivide the city into smaller neighbor- 
hoods, with smaller streets within each 
neighborhood and larger streets con- 
necting the neighborhoods." 

Cancer Catcher 

m 

University of 'texas scientist Josef Käs 
has developed a technology to help 

doctors detect cancer and determine 
whether cancer cells are capable of spread- 
ing to other parts of the body. Evacyte 
Corporation, an Austin biotechnology firm 
created to commercialize the diagnostic 
process, is developing the technology - 
known as the Optical Cell Stretcher. 

12 Käs, associate professor of physics 

>Irradiation Warning 
The CompactFlash Association (CFA) has issued a warning that semi- 

conductors used in electronic systems, including CompactFlash and CF 
I/O cards, would be irreparably damaged if they were subjected to the irra- 
diation process that is being used by the U.S. Postal Service in the wake 
of anthrax attacks. Not only will data stored on the cards be lost, but the 
cards themselves will be rendered inoperable. 

In October, the USPS began using electron -beam irradiation systems to 
sanitize certain mail streams against anthrax and other possible biological 
contaminants. The systems, which operate in the range of 55 kGy, damage 
not only semiconductors, but also pharmaceuticals, contact lenses, bio- 
logical samples, and photographic film. According to the USPS Web site, 
"Sanitization technology is currently being tested on a wide range of film 
products, digital and magnetic storage devices, laboratory samples, food 
and plant products, and 'smart' credit cards with embedded chips to 
ensure that all business mail can be safely processed through the postal 
system." 

and researcher in the Center for 
Nonlinear Dynamics, became interested 
in cancer diagnosis and treatment when, 
over several years, he watched a series of 
friends and family members battle the 
disease unsuccessfully. "Being a physicist 
and something of a geek, I did what I 

always do when confronted by a prob- 
lem," said Käs. "I read." 

His research revealed that, despite 
advances in cancer therapy, the death 
rate has not changed significantly - 
mainly because many cancers are detect- 
ed too late to respond to treatment. 
Early detection has been elusive; on a 

molecular level, cancer actually is more 
than 100 diseases. Finding techniques to 
detect all those diseases is extremely 
complex and expensive. 

A single characteristic shared by all 
cancer cells inspired Käs to come up 
with an idea which, though simple, can 
be very effective in detecting a cancer 
cell's ability to metastasize. As cancer 
progresses, cells become increasingly 
malleable due to the breakdown of their 
internal polymer support network, 
called the cytoskeleton. Käs compares 
the cytoskeleton to bits of "half- cooked 
spaghetti" that give the cells their stabil- 
ity and shape. 

"It's documented that cancer cells 
have much less `half -cooked spaghetti' 
than normal cells, and this decrease in 
cytoskeletal strength is common to all 
cancer cells," he explained. Cells with 
less "half- cooked spaghetti" become 
more elastic and better able to move into 
the bloodstream and invade other parts 
of the body. 

According to the American Cancer 
Society, 90 percent of cancer deaths are 
caused by cancer that spreads. Cancer 
patients can be placed in three roughly 
even groups: one with cancer that has 
already spread when they are diagnosed, 
one with cancer that is spreading but 
hasn't yet been detected, and the rest 
with localized tumors. Patients in the 
third group are often treated as if their 
cancer had spread, as a precaution. 

Käs's Optical Cell Stretcher technol- 
ogy addresses both the under -treatment 
and over -treatment of cancer patients 
due to a lack a diagnostics capability. 
The test uses small tissue samples, 
obtained through fine needle aspiration 
or cytobrush. Both procedures are much 
less invasive than a typical biopsy. One 
cell at a time is stretched using lasers. 
The amount of stretching tells doctors 
whether a cell is normal or cancerous 
and whether cancer cells are elastic 
enough to spread to other parts of the 
body. This earlier detection and better 
understanding of a cancer's ability to 
metastasize can help doctors provide 
more appropriate treatments. Patients 
with localized cancer might be spared 
the aggressive therapy needed by 
patients with spreading cancer. 

Evacyte's initial efforts will be focused 
on detecting spreading cancer cells in 
breast and melanoma tumors, both of 
which are highly treatable in their early 
stages. "We anticipate that this technolo- 
gy can reduce the overall cost of treat- 
ment and mortality of metastatic cancer 
that is now diagnosed as local cancer," said 
Evactye co- founder Christian Walker. "In 



addition, it could potentially lessen med- 
ical liability costs by providing more accu- 
rate diagnoses." 

Second Time's 

a Charm 
1 

n 12 years of studying six trillion sub - 
atomic particle decays - processing enough 

data to fill 50 million CD -ROMs, an 
international team of physicists has spot- 
ted one of the rarest occurrences in the 
subatomic world -not once, but twice! 

In a collaboration called "E787" for 
its experiment number, the 50 
American, Canadian, and Japanese 
researchers first noted the rare decay 
four years ago. An unstable particle 
called a kaon can decay, or break apart, 
in various ways. One decay mode, in 
which the kaon turns into a positively 
charged pion, a neutrino, and an anti- 
neutrino is so rare that, in theory, it 
occurs only a few times in every 100 bil- 
lion kaon decays. Making matters worse, 
it's difficult to distinguish this type of 
decay from many others that look like it. 
So, the physicists had to search through 
many times that number of events to 
have a chance of finding one. 

Before the search could begin, the 
scientists needed six trillion kaons. For 
this, they used Brookhaven National 
Laboratory's Alternating Gradient Synch- 
rotron, a particle accelerator that's capa- 
ble of producing the world's most 
intense beam of kaons. 

Because kaons exist only for about 12 

billionths of a second, the team built a 

state -of -the -art particle detector -the 
size of a small house, which could exam- 

The Experiment 787 detector magnet 

The Experiment 787 detector magnet can 
examine 1,000,000 decays a second. 
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This photo shows the path the kaon takes 
as it decays. In the upper left, a K+ enters 
near the center of the concentric circles rep- 
resenting a cylindrical tracking chamber. It 

loses energy, stops, and then decays to a 

pi+ that leaves the target. 

ine one million decays per second. 
Promising decays were "short- listed" to 
magnetic tape (the "short" list contained 
thousands of gigabytes of data), where 
they could be examined in detail as the 
physicists reconstructed what really hap- 
pened inside the detector. 

"Out of all that data, we've now 
found two events explicable only by the 
rare kaon decay we were searching for," 
said Brookhaven physicist Laurence 
Littenberg. 

According to Doug Bryman, of the 
University of British Columbia, this rare 
decay is one of the keys to understand- 
ing the universe's most elemental forces 
and building blocks. "This is a decay 
that physicists have been looking for 
since the 1960s, but nobody knew for 
sure if we would see it," said Bryman. 

The decay is important to physicists 
because it involves some of the more 
exotic aspects of the Standard Model, 
the theory that describes the subatomic 
world. Primarily because of the kaon's 
"strange" quark -a heavy relative of the 
quarks that comprise ordinary matter 
such as atomic nuclei, kaon decays have 
been an important source of information 
on fundamental questions in particle 
physics. 

The photo above shows the path the 
kaon takes as it decays. In the upper left, 
a K+ enters near the center of the con- 
centric circles representing a cylindrical 
tracking chamber. It loses energy and 
stops in a segmented target of scintillat- 
ing plastic counters; and then decays to a 
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pi +, which leaves the target and is 

tracked through the chambers (sma 1 

circles indicate the path) into an array of 
large scintillation counters surrounding 
the chamber. The counters in the path 
of the pi+ are shown. 

On the upper right is a blowup of the 
stopping target region. The filled 
squares indicate target elements hit by 
the K +; the outlines are those hit by the 
pi+ leaving the target. The curved ele- 
ment indicates a trigger scintillation 
counter adjacent to the target, which the 
pi+ also hit on its way out. The curve on 
the lower right is the pulse of energy left 
by the K+ when it stopped. The curve 
on the lower left shows the pattern of 
energy deposition in the last counter on 
the pi+ trajectory. The pulse of energy 
left by the stopping pion is shown by the 
muon to which it decayed after about 15 

billionths of a second. 
"Understanding such complex forms 

of decay is especially important to physi- 
cists attempting to learn how matter 
behaves at the most fundamental level," 
said Bryman. 

Seizure Control 
GBorgia Tech researchers are using 
the same technology that senses an 

impending electrical failure in an air- 
plane to detect the onset of an epileptic 
seizure. A collaboration between Georgia 
Tech's School of Electrical and Computer 
Engineering and neurologists at the 
University of Pennsylvania and Emory 
University revealed that the brain dis- 
plays a series of electrical "blips and 
burps" up to seven hours before a 

seizure. The team hopes that the onset 
of seizures can be predicted -and even 
stopped -in those patients for whom 
standard pharmaceutical or surgical 
treatments are not effective. The next 
goal is to develop a miniature pulse -gen- 
erating device that could be implanted 
in the brain where it would monitor 
brain -wave activity and detect and abort 
any seizures. 13 
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The most important thing to con - 
sider when purchasing a note- 

book computer is its durability and 
feature set. Durability is important 
because notebooks are inherently 
fragile. 

Two notebook horror stories come 
to mind where durability helped 
prevent complete disaster. A friend 
once flipped his car over on the 
expressway. Fortunately, both he 
and the notebook were okay. 
Unfortunately, the tow truck driver 
accidentally ran over the note- 
book bag when he arrived at the 
scene, cracking the screen in half. 
The notebook still worked and does 
to this day, with the aid of an exter- 
nal monitor. Another friend of mine 
inadvertently dropped a spackle 
bucket on to his notebook. The 
screen didn't crack, but it never lit 

up again, either. Luckily, the com- 
puter still booted, and we were 
able to transfer his important files 
onto floppy disks. Minutes later the 
notebook expelled a puff of smoke 
and ended its life. 

In both stories, the durability of 
the notebooks played a major role 
in allowing them to boot at all after 

The Compaq EVO N180 lookc and feels expensive, 
and its "rubberized "finish is easy to get a grip on. 

Today's Notebook 
Computers 

Notebook computers take a lot of abuse. Let's look 

at some key features essential to their long life. 

1 I. i'i 

A two -spindle notebook, the Fujitsu Lifebook E Series 

has a wireless mouse option that's really slick,. 

the accidents, also allowing impor- 
tant files to be copied while it was 
still running. Accidents aside, note- 
books still lead a hard life; display 
hinges fatigue, buttons wear out, 
port covers break off, the key- 
boards wear out, and so on. This 

means that the most important 
thing to look for in a notebook 
computer is quality. 

Let's take a look at six of the best 
notebook computers available 
today. All of them run at speeds of 
at least 1 GHz, so performance is 

no longer a big concern. I'll go 
over the highlights of each one, 
and you can refer to the Feature 
Chart for individual specifications. 

Compaq Evo N180 
Of all the notebooks covered here, 

my personal pick is Compaq's Evo 
N180. Nothing else matches it in terms 
of quality, and it features a beautiful 
15 -inch screen. Compaq protects 
the screen with a rigid magnesium lid. 

Housed in a black, gray, and silver 
enclosure with chrome accents, the 
Evo N180 looks and feels expensive. 
Its "rubberized" finish is easy to get a 

grip on, as well. 
The three -spindle Evo N180 

weighs 7.6 pounds and supports 
both DVD -ROM and CD -RW drives 
simultaneously, allowing the direct 
copying of discs. The notebook 
also supports dual batteries for 
extra runtime. If you're looking for 
an affordable, well -made, versatile 
notebook computer, look no fur- 
ther than Compaq's Evo N 180. 

Fujitsu LifeBook E Series 
The Fujitsu LifeBook E Series is 

housed in an eye- catching silver 
enclosure, but its magnesium alloy 
lid could be more rigid. The 
LifeBook is a two- spindle notebook; 
both an external USB floppy drive 
and a modular floppy drive that 
swaps with the DVD -ROM drive are 
available as options. An optional 
wireless mouse is really slick -it 
works beautifully when placed 
anywhere near the notebook. 

The LifeBook can be ordered with 
a built -in modem and NIC or with a 
modem and FireWire port, but not all 
three. Four programmable buttons 
along the front edge of the unit let 

Hewlett- Packard's Omnibook 6100 is a full -size two - 

spindle notebook with a 15 -inch screen. Features 
include both a touch pad and a pointing stick 15 



The Jetbook 92(X) lets you play music CDs and 
MP3 discs without turning on the computer. It also 
has a built -in SmartMedia memory card slot. 

you set up your own shortcut keys. 
Nothing stands out about this unit, 
except perhaps the wireless mouse. 
However, if you like the way it looks 
and find it for a good price, there's 
no reason not to buy one. 

Hewlett- Packard Omnibook 6100 
Hewlett -Packard's Omnibook 6100 

is a full -size two- spindle notebook with 
a 15 -inch screen. A combo DVD /CD- 
RW drive provides disc -reading and - 
writing functions in a single -drive bay. 
This notebook's native resolutions is a 
not so standard 1400 x 1050, making 
things appear smaller than usual, but 
at higher resolution. The Omnibook 
features built -in 802.11b wireless net- 
working, which works great provided 
you've already set up an 802.11b 
wireless hub. The Omnibook 6100 fea- 
tures both a touch pad and a point- 
ing stick, so you can use whichever 
pointing device you prefer. 

The Omnibook 6100 is well made, 
and it's about 1.5 pounds lighter 
than Compaq's three -spindle unit. 
This is another great choice for any 
mobile computing needs. 

Jetta Jetbook 9200 
Jetta builds notebook computers 

for other vendors, but you can also 
get a Jetbook directly from Jetta or 
one of its distributors. The Jetbook 
9200 is a sleek -looking unit finished 
in gunmetal and black, with silver 
accents. Controls let you play 
music CDs and MP3 discs without 

16 having to turn on the computer. 
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Unique to the Jetbook is its built -in 
SmartMedia memory card slot, 
which allows these cards to be 
read quickly and simply without 
requiring an external reader. 

SmartMedia is commonly used in 

digital cameras and other multime- 
dia devices, such as portable MP3 
players. If you do a lot of digital 
photography with such a camera 
or have this type of MP3 player, 

(Continued on page 48)) 
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$poecbControlled Robotic Arm 

Last month we built a PC interface for 
the OWI robotic arm. This month 

we will do one more project for the 
robotic arm, a speech -recognition inter- 
face. The interface uses the speech - 
recognition kit covered in my column in 

the December 1999 and January 2000 
issues. While the speech -recognition kit 
has been revised since then, the older 
version is still usable for this interface. 
This interface fits in between the 
speech- recognition circuit and the 
robotic arm. It allows one to control all 

the robotic arm functions using verbal 
commands. 

If you compare last month's PC inter- 
face to this month's schematic (see Fig. 
1), you will see a similarity in the back 
end portion of the circuit that connects 
to the robotic arm. The robotic arm, as 

we discussed last month, has ten wired 
movement functions. We require one 
verbal command for each function, plus 
one additional command for stopping all 

functions (movement). In total, we need 
11 verbal commands. 

The speech -recognition kit (rev 1) 

can recognize up to 40 words. The sec- 
ond revision of the speech -recognition 
kit allows the user to choose, via a 

jumper setting, between recognizing 40 
one -second words, or 20 two- second 
words. Since we only need 11 com- 
mands, it is better to set the board 
jumper to 20 two- second words; that 
setting improves the word recognition 

This is the finished speech -inter %urr board. 

Here is a close -up of the connection to the 

robotic arm base. 

accuracy. 
The speech interface needs to per- 

form a couple of jobs. It first needs to 
determine when a spoken word has been 
detected. After a word has been detect- 
ed, it must distinguish whether it is a 

recognized or an unrecognized word. If 
the word is a recognized "command 
word," the interface passes the binary 
information to the output to initiate the 
robotic arm function. If the detected 
word is not a command word, it must 
block any change to the robotic arm. 

How The Circuit Works 
Before we can examine how the cir- 

cuit functions, we must look at the out- 
put information we receive from the 
speech -recognition circuit. The speech - 
recognition circuit outputs two four -bit 
binary coded decimal (BCD) numbers. 
This binary information is shown on the 
speech circuit's two -digit digital display. 
Whenever a word is detected, the circuit 
uses the digital display to output the 
word number it has recognized or an 
unrecognized/error code. If the word 
detected is not recognized, the circuit 
will display one of the following codes: 

55 = word too long 
66 = word too short 
77 = didn't find a suitable match 

In contrast to previous interface 
designs, this design incorporates a PIC The complete speech -controlled robotic arm is 

microcontroller. A pre -programmed shown in the photo above. 17 
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microcontroller (16F84) simplifies the 
circuit design. The first thing to deter- 
mine is if a word has been spoken, and to 
do this we use an LM339 comparator. A 

reference voltage for the comparator is 

generated using a voltage divider made 
up of resistors R4 and R5. The reference 
voltage is placed on pin 5 of the com- 
parator. Pin 4 of the comparator is con- 
nected to the LED lead on the speech - 
recognition circuit. Whenever a word is 

detected, the LED blinks off momentar- 
ily. The output of the comparator (pin 2) 

is connected to pin 10 (RB4) of the 
16F84 microcontroller, which monitors 
the line. The output of the comparator 
(pin 2) is usually high ( +5V). When a 

word is detected, the output (pin 2) 

drops to ground momentarily. 
Once a word has been detected, it is 

necessary for the interface to read the 
BCD output from the speech- recogni- 
tion circuit. Using the high- and low - 
digit BCD nibbles, it's possible to recog- 
nize trained target words. To do so, the 
interface must distinguish the error 
codes 55, 66, and 77 from trained words 
numbers 5, 6, and 7. 

Four NAND gates off the 4011 inte- 
grated circuit are connected to the high - 
digit nibble. If the high -digit BCD nib- 
ble has the equivalent numbers of 5, 6, 
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Fig. 1. The speech -interface schematic above uses the PIC16F84 microcontroller in order to sim- 
plify the circuit. 

or 7, the output from the four NAND 
gates is low. The output from the four 
NAND gates is connected to pin 11 (RB5) 
of the 16F84. The 16F84 reads this pin 
to see if the high -digit nibble is a 5, 6, or 
7 (0V or ground). If these numbers are 
not displayed, the output of the NAND 
gates is high ( +5v). 

So far, our circuit can tell when a 

word has been detected and if the result - 
18 ing word is an error code. If the output 

of the speech -recognition circuit is an 
error code, nothing else happens -the 
microcontroller loops back to the begin- 
ning of the program waiting for another 
word detection. On the other hand, if a 

word is detected and it's not an error 
code, the microcontroller passes the 
number through to the 74HC154 (4- to 
16 -line decoder) IC. The 74HCT154 
decoder reads the binary number passed 
to it and brings the corresponding pin 

HEADER 

+Vcc 

0 

1 

O 

o 

o 

o 

o 

o 

8 
o 

-Vc0 

equivalent to that number low. 
The low- output pin from the 

74HCT154 connects to one of the ten 
complementary transistors controlling 
the robotic arm motors and turns it on. 
For the five TIP125 transistors, the out- 
put(s) pin(s) from the 74HCT connect 
directly to the base(s) of the TIP125 
transistors. For the TIP120 transistors, 
the output signal is first inverted by an 
inverting gate off a 4049 hex gate. 
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Fig. 2. Here is II e top foil pattern PCB for the speech - recognition board. 

Power for the circuit is taken from the 
robotic arm. The robotic arm uses a single 
6 -volt power supply consisting of four "D" 
cell batteries in the base. The power supply 
is used like a bi -polar ±3 -volt power sup- 
ply. Power is tapped from the 8- conductor 
Molex connector at the robotic arm. 
Circuit Construction 

There is nothing critical about the 
circuit construction. The circuit may be 
wired point to point on a breadboard, if 
you like. Printed circuit boards make the 
construction easier. Top and bottom foil 

patterns are shown in Figs. 2 and 3. 

Component parts placement is shown in 

Fig. 4. 

o 

000.0 

000000..0000 

go000 poo 
Fig. 3. This bottom foil pattern for the PCB can be used as guide to produce your own board. 

PARTS LIST FOR THE SPEECH - 
RECOGNITION INTERFACE 

SEMICONDUCTORS 
ICI- LM339, Quad- comparator 
IC2- LM2940, 5 -V voltage regulator 
IC3- 74HCT154, 4- to 16 -line 

decoder 
IC4 -4011, Quad -NAND gate 
IC5- Pre -programmed 16F84 * 

IC6 1049, Hex -inverting buffer 
Ql- Q5- Tip120 Transistors 
Q6- Q10- Tip125 Transistors 

RESISTORS 
All resistors are 'A-watt, 5% units. 
R1-1210-100,000-ohm 
Rl 1 -4700 -ohm 
R12 -5600 -ohm 
R13- 15,000 -ohm 
R14- 10,000 -ohm 

CAPACITORS 
C1-100-pF 
C2 -1 -pF 

ADDITIONAL PARTS 
AND MATERIALS 
4.0 -MHz ceramic resonator 
DPST PC- mounted switch 
(1) 8 -pin ribbon cable 
(1) 10 -pin female header 

* Pre -programmed 16F84 available 
separately for $10 from Images SI Inc. 

Entire speech -recognition interface kit 
(all components, including pre -pro- 
grammed 16F84 and PCB), $49.95. 

Images SI Inc. 
39 Seneca Loop 
Staten Island, NY 10314 
718- 698 -8305 

The only component that needs spe- 
cial notice is the 10 -pin female header. If 
you have the latest speech -recognition 
circuit (rev 2), plug the speech -interface 
board into the display header on the 
main PCB of the speech -recognition 
circuit. 

If you are constructing this interface 
to be used with the rev 1 version on the 
speech -recognition kit, leave the female 
header off. You need to solder nine wires 
from the speech -recognition PCB to the 
interface board, using a length of wire 
approximately eight inches long. Begin 
by soldering the ABCD wires of the 
lower digit and the ABC of the upper 19 
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Fig. 4. This is the author's original part layout. 
"U" for integrated circuits. 

digit of the speech -recognition kit to the 
ABCD (lower digit) and ABC (upper 
digit) of the speech- interface board. 
Solder a wire from the ground terminal 
of the speech -recognition circuit to the 
ground terminal of the interface. Finally, 
solder a wire from the LED output from 
the speech -recognition kit to the LED 
input of the interface kit. 

Programming The 
Speech- Recognition Circuit 

Program the speech -recognition cir- 
cuit as per the directions in the previous 
article or the instruction that came with 
the kit. Choose the words you want to 
use to control the robotic arm. Table 1 

Take note that the parts list uses "IC" in place of 

shows some suggested words. You can 
change any one of them. 

Testing And Retraining 
Before connecting the interface to the 

robotic arm, test the circuit. Start by 
repeating all the trained words into the 
microphone. The corresponding word 
number will be displayed on the digital 
display. You should achieve a word accu- 
racy better than 95 %. If the circuit con- 
tinually confuses two training words, try 
retraining one of the words. To retrain a 

word, press the word number using the 
keypad; the word number will be dis- 
played on the digital display. Press the 
"T" (training) key and say the word into 

TABLE 1 

Word Number Function 

1 

2 

3 

4 
5 

6 
7 

8 

9 
10 
11 

Grip 
Elbow Down 
Base CCW 
Shoulder Up 
Wrist CCW 
Wrist CW 
Shoulder Down 
Base CW 
Elbow Up 
Grip Open 
Stop 

Word Suggestion 

Close 
Down 
Left 
Raise 
Count 
Turn 
Fall 
Right 
E -Up 
Release 
Stop 

the microphone. If the circuit still con- 
fuses the two words, you may have to 
change one of them. 

Connection To The 
Owl Robotic Arm 

Once the recognition kit has been 
trained and tested, it's time to connect it 
to the robotic arm. The interface is con- 
nected to the base of the robotic arm 
using the 3 -inch ribbon cable (see photo 
on page 17). The entire system- robot- 
ic arm, interface, and speech- recogni- 
tion circuit (rev 2)-is shown in the 
photo on page 17. P 
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Go back to antiquity and build the 
radios that your grandfather built. 
Build the "Quaker Oats' type rig, 
wind coils that work and make it 
look like the 1920's! Only $10.95 
plus $4.00 for shipping and han- 
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CRYSTAL SETS: VOLUME V. 

Volume V of the Society 
crYtiLU >Frti newsletter includes six 

issues ending November 
1995. Great for new 
members to get current, 
those wanting a bound 
copy for their reference 
bookshelf, or as a gift to 
get a friend started. 
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Basic OpAmps, Part 2 

NON INVERTING 
INPUT 

INVERTING 
INPUT 

A = TLO81 
or similar 

DPDT 
SWITCH 

FIG 1 

BASIC OP AMP BREADBOARD 

1 

The operational- amplifier (op -amp) is useful for a wide vari- 
ety of applications. Last month, we discussed basic theory 

and a few elementary circuits. For further understanding of 
how op -amps, (or most anything else), work, some hands -on 
experience is essential. So let's get working. 

We suggest that a simple breadboard circuit, as shown in 

Fig. 1, be constructed, as a basic functioning op -amp circuit 
for experimentation. An 8 -pin DIP op -amp can be used, such 
as a 741 or TLO81, as only one amplifier section will be need- 
ed. The TLO81 is cheap and readily available, and it's a JFET 
type that is an excellent general -purpose amplifier for experi- 
mentation and hobby circuits. Of course, other types can be 
used if you have them handy, but JFET types are probably 
preferable since they allow the use of more reasonable compo- 
nent values (capacitors, especially). 

Supply Voltages 
The op -amp should be rated to work with the supply volt- 

ages you will use. Anything from 5 to 12 volts will be okay. You 

will need two supplies of equal voltage, one delivering a posi- 
tive (plus) voltage and one delivering a negative (minus) volt- 
age. Ideally a laboratory-type AC- powered adjustable DC sup- 
ply delivering plus and minus voltages would be desirable. 
However, several AA batteries with two suitable battery hold- 
ers, two 9 -volt transistor radio batteries, or two 6 -volt lantern 
batteries will work just as well. 

AA -battery holders that hold four to eight AA cells are 
widely available, and two such holders can be used to make up 
a suitable supply. The batteries should last a very long time in 

BATTERIES OR 
POWER SUPPLIES 

5 10 12 VOLTS 

this application. Dedicated "universal" 
experimenter breadboard setups are avail- 
able (approx. $20 to $40) that feature con- 
nectors and sockets suitable for plugging in 

most components and jumpers to configure 
almost any circuit. These breadboard setups 
will prove to be time- savers and will elimi- 
nate much, if not all, soldering. 

Some source of signal should be handy - 
a function generator, an audio oscillator, or 
even audio from a CD or tape player. Access 

+ to an oscilloscope is desirable, but not nec- 
essary. 

A few op -amp circuits will be discussed. 
These circuits are for demonstration and 
teaching purposes to illustrate the principles 
of op -amps, and they are not claimed to be 

optimized for any specific application. 
There are refinements that can be added in 

some cases, but were omitted for simplicity. There are literal- 
ly millions of op -amp circuits, and in a short column we can- 
not cover very much. 

T 

R1 

No I in is almost 
are and is 

negligible + BASIC VOLTAGE 
FOLLOWER 

SHORT ANTENNA 
OR PROBE 

A = TLO81 or 
similar 

STATIC 
DETECTOR 

VERY HIGH 
RESISTANCE 
>1000 Meg 

e in 

FIG 2 

VOLTAGE FOLLOWER 

V out 
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AC INPUT 
VOLTAGE 

TO BE 
MEASURED 

A = TLO81 or 
similar 

1 uF 50V 

1 MEG 
R3 

R1 330 OHMS 

-0. 
11=VIn1330 

- I rduk 

I in 

I fdbk 

DIODES 
1N914, etc 

M = 1 mA Full Scale 

FIG 3 

LINEAR AC VOLTMETER CIRCUIT 

The reader is strongly advised to consult the literature and 
manufacturer's application notes. Several years ago National 
Semiconductor offered a publication titled "Linear 
Applications Handbook" (our copy is dated 1994), which is an 
excellent reference text, full of ideas and applications, using 
op -amps. The devices referenced in older literature may be 
out of production and no longer available, but the circuit prin- 
ciples and ideas are relatively timeless and can be applied to 
currently available devices. 

The Voltage Follower 
The circuit in Fig. 2 is s voltage follower. This unity-gain 

amplifier uses a TLO81 or similar JFET op -amp as a buffer 
and driver. A very high- impedance source (microphone, sam- 
ple- and -hold circuit, transducer, etc.) can be interfaced to a 

lower impedance load with no loss in voltage. The gain here is 
all current gain. Since the feedback factor is unity, the output 
voltage will equal the input voltage minus ein Since ei is very 
small and the gain of the amplifier is high (10,000), the output 
voltage will equal the input voltage within 0.01 percent. 

This circuit can be used as a simple, high- impedance meter 
amplifier. If a DVM is connected to the op -amp output and a 

single 1.5 -volt AA cell is connected to the input through a 22- 
meg resistor (highest commonly available resistor value), the 
resistor will have practically no effect on the voltage reading of 
the battery. This demonstrates the high -input impedance -in 

AC INPUT 
VOLTAGE 

TO BE 
MEASURED 

A = TLO81 or 
similar 

1 uF 60V 

1 MEG 

330 OHMS 

C = 1 to 100 uF 

FIG 4 

PEAK DETECTOR CIRCUIT 

E out= 
Positive peak 

value Vin 

NOTE: 
Reverse diode and 
capacitor polarity 
for negative peaks 

the thousands of megohms -available with this circuit. By 
using a voltage -divider network and appropriate switching, 
you can make a high- impedance voltmeter that will have input 
impedance of hundreds of megohms or more. By using CMOS 
type op -amps, you can construct a simple electrometer able to 
read currents as low as I trillionth of an ampere (or 1 picoam- 
pere, if you prefer). 

If the input of the amplifier is connected to a short (3 -inch) 
wire, a body charged with electricity (hard rubber comb 
rubbed on flannel, or a glass rod rubbed with silk, etc.) 
brought near this wire will produce a change in the op -amp 
output voltage. Now we have a static- charge detector circuit. 
However, practically, a high resistance should be connected 
between the noninverting input and ground to establish a sta- 
ble operating point. This resistor could be several thousand 
megohms in practice. 

Overcoming Diode Drops 
Another useful circuit (Fig. 3) is an AC- voltmeter. The 

meter rectifier is in the feedback circuit, compensating for the 
diode forward drop. A conventional meter rectifier using a 

diode -bridge rectifier is compressed at the low end of the 
meter scale since small AC voltages may not overcome the 
diode forward voltage drop of 0.6 volt. This causes nonlinear - 
ity at the low end of the scale. When the bridge is placed in the 
feedback loop, the AC- signal current in the feedback loop 

REFERENCE 
VOLTAGE 

_L--1111111 

.V 

NONINVERTING A = TL081 
INPUT \ , or similar 

INPUT VOLTAGE = 

V input 

INVERTING 
INPUT 

OUTPUT 

Output = Negative if V input < REF. VOLTAGE 

Output - Positive if V input O REF. VOLTAGE 

FIG 5 

BASIC OP AMP COMPARATOR 

must equal the input current through R1. This equilibrium 
forces the op -amp to produce sufficient voltage to overcome 
the 0.6 -volt diode drop, irrespective of the input level. 
Therefore, the meter will read linearly. It is easy to make an 
AC voltmeter with a full -scale deflection of 100 millivolts or 
less with this circuit with a perfectly linear scale. This AC- 
voltmeter circuit works well and will be fairly accurate in the 
audio -frequency range and into the low -frequency RF range 
(100 kHz) or higher with fast diodes and a wideband op -amp. 

A voltage follower can be used as a peak detector (Fig. 4) to 
give the peak voltage of a waveform. The signal is applied to 
the noninverting input as shown. Capacitor Cl will charge to 
the peak voltage of the input signal. Since the diode is in series 
with the amplifier output, it will compensate for the diode 
drop. The output voltage will equal the peak value of the input 
voltage. 

Op -Amps Make Waves 
Op -amps can also be used as comparators to compare two 

voltages. Figure 5 shows a typical circuit. The reference volt- 
age is applied to the inverting input. Any voltage greater than 
this reference voltage will drive the op -amp output in a posi- 
tive direction. Since the gain of the op -amp is several thou- 



REFERENCE 
VOLTAGE 
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FIG 6 

BASIC FLASH A -D CONVERTER 

sand, this transition is very sharp. Voltages less than this 
amount will cause the output to go in a negative direction. 
Output can be fed to an LED indicator or logic circuit as an 
indicator or used to drive another circuit. 

Several op -amps can be connected to a resistive divider and 
can have their inputs connected to a common input. (See Fig. 
6). The outputs can be fed to a system of logic gates that will 
produce a binary pattern that is a function of how many com- 
parators are ON or OFF. The output can be made to be a 

binary value representing the number of ON or OFF com- 
parators. The idea is to make a "flash" analog to digital (A -D) 
converter, since the output is an instantaneous function of 
input. The flash A -D converter is useful for digitizing fast 
waveforms and is widely used in digitization of video signals. 
By summing the comparator outputs, a staircase wave can be 
generated from a ramp- waveform input. 

By using both positive and negative feedback, it is possible 
to make oscillators with different output waveforms. Figure 7 

shows a square -wave oscillator. Capacitor Cl charges toward 
the positive supply rail through Rl. After it reaches the refer- 
ence voltage derived from R2 and R3, the comparator output 
goes low. This result also changes the reference voltage to a 

lower (more negative) level, which forces the comparator to a 

negative output. 

DIGITAL 
OUTPUT 
TO BUS 

Now the capacitor discharges towards 
the negative supply rail. This sequence 
will continue until the voltage at the 
inverting input reaches the new reference 
voltage. At this point the comparator 
switches to high (positive) output. The 
cycle is repeated. A square -wave output 
results. By using diodes and two separate 
feedback resistors, you can make dissimi- 
lar charge and discharge paths, allowing 
two different time constants. This setup 
allows generation of a variable duty-cycle 
waveform. A potentiometer can be used 
along with, or in place of, R1 and R2 to 
adjust this duty cycle, as shown in Fig. 8. 

Generating A Sine Wave 
It is possible to generate a sine wave 

using a circuit known as a Wein Bridge. 
At a frequency f = 1 /(2rtRC), the network 
shown in Fig. 9 will have a transfer func- 
tion of 1/3 with zero phaseshift between 
input and output -permitting its use as a 

frequency- determining network. The 
Wein bridge is connected between the 
output and noninverting input as shown 
in Fig. 9, allowing positive feedback and 
oscillation. 

However, the amplifier would generate 
a poor waveform, since limiting the out- 
put can only be accomplished by driving 
the amplifier to its positive and negative 
limits, resulting in severe clipping of any 
generated sine wave. Another feedback 
network is used to introduce negative 
feedback. A resistive divider with a divi- 
sion ratio of slightly more than 1/3 is 

used. This ratio reduces the gain to a lit- 
tle over 3, which is enough to sustain oscillation. Limiting 
would still be obtained by clipping in the output, although the 
waveform would be somewhat improved. 

Using a voltage- dependent resistor for R4 allows automatic 
gain control. Resistor R4 is selected to have a resistance that 
increases with applied voltage. A thermistor can be used for 
this purpose, but a more common approach is to use an ordi- 
nary tungsten- filament lamp. This kind of lamp has the exact 
characteristic we need. As more voltage is applied across the 
lamp, the filament heats up, its resistance increases, and the 
negative feedback increases, and lowers the gain of the op- 
amp. This sequence tends to reduce the amplitude of oscilla- 
tion to a level that will not drive the op -amp into limiting. 
Very pure sine waves can be generated in this manner, and less 
than 1 percent distortion is easy to achieve. By making R1 and 
R2 a ganged potentiometer, you can obtain variable frequency 
operation. This circuit was widely used in the vacuum -tube 
days, and a 120 -volt, 3 -watt tungsten lamp was used for R4. 
For an op -amp version, one of the 5 -volt, 10 mA subminiature 
lamps will work well. The lamp is typically operated at 10 to 
20 percent of rated voltage, and the filament should barely 
glow. Resistor R3 is a pot to adjust the amplitude of oscillation 
at that level that yields satisfactory operation. 
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A = TLO81 or 
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R2 

10K 

NAAf-- 

POSITIVE 
FEEDBACK 

3 

NEGATIVE 
FEEDBACK 
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T1 - T2 -1.1 RC APPROX 

T1+ T2 ONE CYCLE 

F-112.2RC APPROX 

R1 

R3 
10K 

1Nv 

+ 

T1 T2 

oE 
1CYCLF 

TYPICAL VALUES 

R 22K 

C=.02uF 
f = 1 kHz 

FIG 7 

SQUARE WAVE OSCILLATOR CIRCUIT 

Creating A Tuned Amplifier 
Finally, the use of both positive and negative feedback 

enables one to make a tuned amplifier having the desired given 
center frequency and bandwidth. A simple bandpass stage is 

shown in Fig. 10. We will not go into the design details except 
to present the design equations for one simple type of stage. 
Combining several of these stages allows one to derive a filter 
network of desired characteristics. These are called active fil- 
ter networks. There are a number of circuit configurations, 
yielding low -pass, bandpass, and high -pass types of filters. 
Refer to a book on active filters for more detailed information. 
In addition, software programs are available from manufactur- 
ers that allow a PC to be used for the design of almost any 
active filter. 

For the filter shown (suitable for bandpass audio use) with 

A = TLO81 or 
similar 

R3 

10K 

POSITIVE 
FEEDBACK 

3 

NEGATIVE 
? 

FOR THIS CIRCUIT: 

T1 = 1.1 (Ra + Rb) C APPROX 
T2 = 1.1 ¡Ra Rcl C APPROX 

TI T2 ONE CYCLE 

T1 12 = 1 / [ 2.2 Ra 1.1 RI) C 1 APPROX 

a 

DIODES 
1N914 

l 

Rb DUTY 
CYCLE 

Rc 
Rb + Rc = Rt 

se 

bandwidth B and center frequency f and 
gain A: 

w=27rf Q=f/B a=1/Q H= 
alAl andQ>V(A/2) 

R1=1/(HxwxCl) 

Req = 1/Q (C1 + C2)w 

R2 = R1 x Reg / (Rl - Req) 

R3 = A x R1(1+ Cl/C2) 

In practice, suitable values are chosen 
for Cl and C2 (generally, they are 
equal) and the resistors calculated. At 
audio frequencies, a suitable range of 
values may be around .001 to 0. 1 pF. 
Note that the exact type of op -amp is 
not specified; an ideal op -amp is 
assumed. The TLO81 comes close 
enough. 

As an example, design a filter for 1 kHz with a bandwidth of 
100 Hz. We will try to use capacitors of O. 01 pf at Cl and C2. 
The filter should have a gain A of 10X (or 20 dB). 

First check: 

Q required = f/B = 1000/100 = 10 

a = 1 / Q = 0.1 and H = 1 

w=2pf=6.28x 1000 = 6280 

Then check to see if Q > VA/2 10 > V10 /2 V10 /2 
=V5 =2.23 

Since 10 > 2.23, this condition is satisfied. Then: 

T1 T2 

CO 4 1 

1 CYCLE 

TYPICAL VALUES 

Ra=10K 
RI = 25K 

C=.02uF 
I= 1 kHz 

FIG 8 

SQUARE WAVE OSCILLATOR CIRCUIT 
VARIABLE DUTY CYCLE 

R1 = 1 / ( 1 )( 6280)(10 exp -8) = 15.9 
K (16K) 

Reg = 1/ 10 (2 x 10 exp -8)6280 = 796 
SZ (8200) 

R2 = 15.9 x 796/ 15.9 -7.96 = 8380 
(820 0) 

R3 = 10 x 15.9 (2) = 318 K (330 K) 

Values in parentheses are nearest stan- 
dard 5% resistor values. 

This circuit was built and tested, and 
results agreed with theory, as did a 

SPICE simulation. This circuit in itself 
is useful, as a 1 -kHz tuned amplifier is 
useful for testing and in ham radio 
work as a CW filter. The design of this 
filter is rather simple, and the reader 
should try other frequencies and band- 
widths as an exercise. 

We have presented a number of cir- 
cuits that should give a novice some 
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starting experience with op -amps. It would be a good idea to 
try some of these circuits and others that you can find, as well. 
There is no substitute for experience, and undoubtedly you 
will come up with some circuits of your own that can be tai- 
lored for your applications. P 
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Raymond Scott 
A Pioneer of Electronic music 

qn electronics engineer with a cre- 
ative spark, Robert Scoff had 
the right combination of artistry 

and scientific ability. He was a corn - 
poser with unique musical taste and a 
thirst for cuffing-edge technology that 
at times made him seem eccentric. 
Genius is sometimes synonymous 
with crazy, but maybe only to 
those of us who aren't on that 
level. 

Scott liked highly produced 
sounds and electronically sophisti- 
cated melodies. The quality and . 

flexibility of the sound he envisioned 
was not available -he had to invent 
the technology to create the music he 
dreamed of. 

Nearly all "serious" musicians of that era snubbed 
him, chastising his electronic music because it was so 
different and discouraged improvisation. He created 
music with machines instead of instrumentalists, and 
it's likely that many musicians felt they were left out. 
Practically all of his work was done while tucked away 
in a secluded laboratory and recording studio. 

His name is not familiar to the public, though the 
majority of us have heard his tunes dozens of times in 
popular animations and various Hollywood produc- 
tions. His contributions to the world of electronic music 
are only recently being discovered and appreciated. 
Many of his compositions are now being released with 
various artists recording and performing his music. 

While his contributions to 
electronic music have been 
widely overlooked, a new- 
found interest in Raymond 
Scott has arisen in recent 
years. 

MARIA ORLANDO 

while he played his records. 
As the two brothers grew up, Mark 

took a musical career path, while 
younger Harry planned on pursuing 
his love for engineering. Mark, 
however, persuaded his younger 
brother to attend the Juilliard 
School of Music. Seeing his broth- 
er's musical potential, he told Harry 
that he would pay the Juilliard 
tuition. Harry accepted, and his 
musical career began. 

After Harry graduated, the CBS 
Radio house band, conducted by 
his brother Mark, took him on as 
the staff pianist. To shield himself 

from accusations of nepotism, Harry 
changed his name -after flipping 

phone book, he decided on Raymond 

A musician and a 
time, Scott invent 

to get the 

through 
Scoff. 

Scott stayed at CBS for several years, temporarily 
ignoring his true calling. For the most part his creativity 
was stifled; but, on occasion, he did attempt to share 
his strange compositions with the orchestra, who were 
not overly enthused. 

Scott wanted more, and he convinced CBS pro- 
ducer Herb Rosenthal to let him create his own ensem- 
ble -the "Raymond Scoff Quintet." 

At this point, his perfectionism and relentlessness 
affected everyone around him. A tyrant in the music 
studio, Scott expected only the finest from his singers 
and musicians. He wanted them to behave as 

mechanical robots would; 
he didn't like to be chal- 
lenged or argued with. This 
trait proved to be a catalyst 
for his fervent work in tech- 
nology in later years - 
machines were non -con- 

frontational and could be managed more easily than 
people. 

Scoff was never good with people. His colleagues 
and friends soon distanced themselves from him. His 

personal life didn't fare too well, either -he married 
three times and was not very close to his four children. 

the 

scientist ahead of his 
ted the electronics he 

sound he wanted. 

A Born Musician. Raymond Scott was born Harry 
Warnow in 1908, in Brooklyn, NY, to Russian immigrants 
Sarah and Joseph Warnow, Joseph owned a music 
shop, where young Harry and older brother Mark spent 
much of their early years. Both showed signs of musical 
talent as tots -Mark picked up the violin, while two - 
year old Harry favored the piano. Harry, however, also 
demonstrated interest in the mechanics behind the 

26 music, as he kept busy tampering with the turntables 
The Man And The Music. Despite his difficult char- 
acter, he did have a knack for creating unique 



Raymond Scott in 1938, at work in his lab. 

melodies and composing music 
that sold well. In the late 1930's 
Hollywood called on him to com- 
pose the music for numerous pro- 
ductions, including Rebecca of 
Sunnybrook Farm, Happy Landing, 
and Nothing Sacred. 

With the success of the Quintet, 
Scott's musical career soared. In 

1938 he became music director for 
CBS, Warner Brothers bought his 

recordings, and used them in 
dozens of Looney Tunes and Merrie 
Melodies cartoons. He also com- 
posed jingles for radio and televi- 
sion, cut records, started his own 
record label, and much more. A (list 

of some his more noted musical 
contributions can be found at the 
end of this article. 

Scott with his 1950's keyboard synthesizer 
invention, the Clavivox. 

His Passion For Technology. Despite 
his musical abilities, his roots were 
still in electronics and engineering. 
His science lab was disguised as a 
recording studio, and he regarded 
his music sessions more as experi- 
ments, testing his theories, and 
developing his inventions. 

He immersed himself in his work, 
a common trait of most distin- 
guished scientists and visionaries. 
He spent his time within walls that 
were covered with controls and 
switches. lt was where he felt most 
at home. 

Robert Moog, inventor of the 
Moog Synthesizer and one of 
Scott's few and closest friends, visit- 
ed his home on Long Island for the 
first time in the 1950s. He described 
what he saw: 

Electronics recording studio designed and built 
by Scott. 

"lt was a beautiful, big, four -story 
mansion.... First, he showed us the 
recording studio... a large room 
with a cutting lathe, and all sorts of 
monitoring and mixing equip - 
ment.... amplifiers that drove the 
cutting head of the disc lathe were 
behind a screen....There was an 
elevator going from one floor to 
another....The entire downstairs of 
the house was a dream work - 
shop...it consisted of several 
rooms....A large room with nothing 
in it but machine tools of the high- 
est quality. ..lt looked like heaven 
to me." 

A Mastermind of Electronic Music. 
Scott discovered and mastered the 
circuitry concept for the "automat- 
ic sequential performance of musi- 
cal pitches," commonly known as 
the sequencer. Robert Moog said 
that Scott had a brilliant intuition 
and that he was influenced by the 
future. "Scott was definitely in the 
forefront of developing electronic 

TAKING CREDIT 

In an unaddressed letter written in 

the late 1970s, Scott wrote: 
"It is not widely known who 

invented the circuitry concept for 
the automatic sequential perfor- 
mance of musical pitches -now 
well known as a sequencer. 

I, however, do know who the 
inventor was -for it was I who first 
conceived and built the 
sequencer....I was so secretive 
about my development activi- 
ties- perhaps neurotically so.... 
Now, with the passing of years, I 

guess I regret my secrecy and 
would like for people to know of 
what I accomplished." 

music technology... he had built a 
sequencer with relays, motors, 
steppers, and electronic circuits. I 

had never seen anything like it...He 
foresaw the use of sequencers and 
the use of electronic oscillators to 
make sounds." 

His long line of inventions began 
in 1946, when he patented an 
electromechanical synthesizer 
called the Orchestra Machine. This 

machine featured a keyboard that 
could simulate the musical instru- 
ments in an orchestra, with multiple 
soundtrack units. Also in that year 
he founded the Manhattan 

THE MUSIC BEHIND THE MAN 

Scott's music was featured on 
numerous television, radio, movie, 
and animated productions. For 
more information go to www.ray 
mondscott. com. 

Good Morning, America 
Hard Copy 
The David Letterman Show 
Looney Tunes 
Macy's Thanksgiving Day 
Parade 
Merrie Melodies 
Moonlighting 
Morning Edition 
MTV News 
The Odd Couple 
Saturday Night Live 
The Simpsons 
Spin Radio 
The Howard Stern Show 27 
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Research Company, a science 
lab /recording studio where he 
would conduct research and work 
on his inventions. 

In 1948, Scott invented an effects 
generator he called the " Karloff" 
that could imitate common house- 
hold noises, as well as swishing, 
honking, beeping, etc. It could pro- 
duce almost limitless variations of 
these sounds, giving it flexibility for 
musical composition. 

One of his more remarkable 
inventions was the Clavivox, which 
he patented in 1956. This synthesiz- 
er "allowed a player to glide 
smoothly from one note to another 
without a break over a 3- octave 
keyboard." It also simulated many 
traditional instruments, had vibrato 
capability, and had many techno- 
logically advanced effects and 
features. 

Impressed with his work, Motown 
Records contacted Scott in 1971, 
inviting him out to California. In 
1972 Scott started directing 
Motown's electronic music 
research and development. 

In 1987 Scott's health began to 
decline, and he suffered several 
crippling strokes. He died February 
8, 1994, at the age of 85. 

This article should serve as a trib- 
ute to the remarkable inventor who 
remained in the shadows of popu- 
lar music for most of his life. A cap- 
tion In a 1937 issue of Billboard 
magazine read: "Scott's music 
evolved as something more sub- 
stantial than mere jazz. Its ultimate 
worth can only be judged by the 
future." P 
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HEADPHONE 
AMBIENCE 

PROCESSOR 
PETER H. LEHMANN 

The vast majority of stereo recordings are pro- 
duced for reproduction by a pair of loudspeaker 
systems. Listening to these unaltered recordings 

with headphones is like trying to walk an elephant into 
a telephone booth. The result is a flat -type of repro- 
duction with the performance apparently taking 
place on a virtual plank of a stage supported by your 
left and right ear lobes. My cross -feed processor, 
including some unique processing circuitry that you 
won't find elsewhere, converts headphone lis- 

tening to a type of reproduction akin to 
listening to loudspeakers. 

For crystal clear repro- 
duction, each chan- 
nel output stage 
of my processor 
is a power MOS- 
FET (metal oxide 
semiconductor 
Add effect tran- 
sistor) configured 
as a single -ended 
Class A voltage follower. 
Class A amplifiers have the least 
distortion of any class of amplificatio 
FET and tube audio amplifiers share t 
characteristics of producing "warm" 
reproduction. 

The cost of parts and materials for the Headphone 
Ambience Processor approaches, but does not 
exceed, $100. All of the PCBs and the power trans- 
former fit comfortably in what is a rather large chassis 
compared to present day micro -miniaturization manu- 
facturing practices. (See Photo 1.) The trade -offs to 
the cost and bulk of the project 
are excellent listening quality 
and no need to replace batter- 
ies. (The processor is powered 
by 115 VAC.) 

an ear in the shadow. Also, the listener can turn his /her 
head, thereby altering the pattern of reception of 
sounds. These effects are some of the ways the listen- 

er localizes the sounds as originating at the speakers. 
For a stereo recording heard through headphones, 

reproduction of the left channel is heard at the left ear 
only and that of the right channel is heard at the right 
ear only. Head movement does not alter the relation 

of sounds heard at each ear. Therefore, listening to 
a conventional stereo recording with head- 

phones negates the localization cues 
that occur naturally when lis- 

tening to a pair of stereo 
loudspeakers. 

This processor 
electronically 
mimics the sound 
shadow by cross - 
feeding a low - 
frequency band 
of the left (right) 

channel signal to 
the right (left) channel. A first 

order low -pass filter with a cut -off fre- 
quency equal to 1 kHz in each leg of cross - 

feeding attenuates high- frequency content. 
To mimic head movement, processing of my unit 

includes an alternating increase of the cut -off fre- 
quency of low -pass filtering of one leg of cross -feeding 
at a time. This increase, alternating in the left and right 
cross -feeding channels, is randomly initiated electron- 
ically. Increasing the cut -off frequency of cross- feed- 
ing from the left (right) channel to the right (left) chan- 
nel corresponds with head movement to the left (right) 

resulting in moving the right 
(left) ear out from the sound 
shadow to a greater extent. 

The processor can only acci- 
dentally correspond to an actu- 

al change of position of the listener's head. For that 
reason, the increase factor of the cut -off frequency 
(equal to about 2 or an octave) was experimentally 
determined not to produce an apparently large dis- 

ruption of the sound field of reproduction. This random 
increasing of the cut -off frequency gives presence to 
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Speakers Vs. Phones. With stereo loudspeakers, sound 
from each of the pair of speakers reaches both ears of 
the listener. The listener's head casts a sound shadow 
that attenuates the high frequency content of sounds 
that must travel around his /her head before reaching 

headphones 
dible delight! 

29 



GND 

0 
J3 

J4 

C 
J9 

D1 
1N4002 

2 

D3 

N 

Fig. I. Schematic diagram of the power supply. 

U1 

R1 J1 

1 2 

^ 1.5K 

LL 

1 OUT 

o 
Z 

3 

LL 

ó 
Ú \ 

7815 

GND 

D4 

U2 
1N4002 

OUT 

'sm./ LL 

7915 

sound reproduction via headphones in a similar man- 
ner as a motion picture film shot with a jittery handheld 
camera imparts a sense of presence at the scenes 
portrayed. 

Circuitry Overview. The ambience processor is com- 
posed of three PCBs and some chassis- mounted com- 
ponents. The three PCBs are a power supply, a con- 
trolling board, and a signal -processing board. The 
schematic diagrams of these three boards are shown at 
Figs. 1, 2, and 3, respectively. In these diagrams, the 
square outline designated as a "J" component (jack) is 

a soldering pad for point -to -point wiring to another pad 
or to a terminal of a chassis- mounted component. 

Jacks J3 and J9 of the power supply at Fig. 1 are 
connected to the secondary winding of a chassis - 
mounted power transformer. Jack J4 is connected to 
the center tap of the secondary winding of the trans- 
former. With respect to the center tap of the sec- 
ondary winding or ground, the power supply board 
produces a regulated -15 volts taken at jacks J10 and 
J11 for the controlling and signal -processing boards, 
respectively, and +15 volts taken at jack J2 for the sig- 
nal- processing board only. 

The controlling board of Fig. 2 randomly determines 
which of two legs of cross -feeding per stereo channel 
at any given time are mixed with the channel source 
signal. Both WA and B are 555 timers configured as 
astable multivibrators, while U2A and B are NAND gates 

30 configured for signal inversion and ICs U3 and U4 are 
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bilateral switches performing a logic function. The four 
controlling signals generated by the board are taken 
at jacks J3 -J6. 

Shown at Fig. 3, the schematic diagram of the sig- 
nal- processing board includes U 1 A and C configured 
as low -pass filters with a cut -off frequency of 1 kHz and 
U 1 B and D configured as low -pass filters with a cut -off 
frequency of 1.9 kHz. ICs U2 and U3 and power 
MOSFETs Q5 and Q6 are configured as audio mixers 
and channel- output stages for connection to a pair of 

PARTS LIST FOR THE POWER SUPPLY 
(FIG. 1) 

SEMICONDUCTORS 
DI. D2, D4, D5- 1N4002 1 -amp, 100 -volt 
D3 -Full -wave bridge rectifier, 2 -amp, 100PIV 
U1 -7815 +15 volt, 1.5 -amp, voltage regulator 
U2 -7915 -15 -volt. 1.5 -amp, voltage regulator 

RESISTORS 
R I - 1 500 -ohm. /, -watt, 5% metal film 

CAPACITORS 
C1, C3- Radial 1000 -µF, 50 -volt, polarized electrolytic, 20% 
C2, C4- Radial 10 -E1F, 50 -volt, polarized electrolytic, 20% 

ADDITIONAL PARTS AND MATERIAL 
Two heat sinks, (Mouser Stock No. 532- 551002B00), four Al 

hex standoffs, '/< X .375 (Mouser Stock No. 534 -2202) 
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Fig. 2. Schematic diagram of the controlling circuity. 

PARTS LIST FOR THE CONTROLLING CIRCUITRY (FIG. 2) 

SEMICONDUCTORS 
Ul- TS556CN dual CMOS timer 
U2-4011 Quad 2 -input NAND gate 
U3, U1 1066 Quad bilateral switch 

RESISTORS 
(All resistors are % -watt, 5% units unless otherwise noted.) 
R I , R2 -10,000 -ohm 
R3, RBI 1.7 megohm 

headphones, respectively. 

Power Supply. Returning to the drawing of the power 
supply shown at Fig. 1, recall that jacks J3 and J9 are 
connected to the end terminations of the secondary 
winding of the power transformer (not shown). Full - 

wave bridge rectifier D3 converts the AC voltage of 
the secondary winding to pulsating DC with a fre- 
quency of 120 Hz taken at its output terminations 1 

R5-2.2-megohm 

CAPACITORS 
C l , C4, C5 -10 -nF polyester film 50 -volt, 10% 

C2, C3- 2.2 -pF axial polarized electrolytic 

R- CH 

J5 

ï 
CNT RL 
J6 

ï 
CNT RL 

ADDITIONAL PARTS AND MATERIAL 
Four of 14 pin DIP socket, four of hex Al standoffs, % x .375 

(Mouser Stock No. 534 -2202) 

and 4. Where current drawn from the secondary wind- 
ing is equal to the rated current of 1.5 amps, the peak 
voltage occurring across terminations 1 and 4 equals 
35 volts -the rated voltage of the secondary wind- 
ing -times 1.414 equals 50 volts. The absolute value of 
the peak voltages taken at terminations 1 and 4 of 
rectifier D3, with respect to the center tap of the sec- 
ondary winding or ground, equals 25 volts. Including 
smoothing of the input voltages to regulators U 1 and 31 
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Fig. 3. Schematic diagram of the signal -processing circuitry. 

PARTS LIST FOR THE SIGNAL -PROCESSING CIRCUITRY (FIG. 3) 
SEMICONDUCTORS 
D1 D4 -1N914 silicon signal 
D5, D6-1N4744A Zener, 15 -volt, 1 -watt 
Q l Q4- 2N3819N- channel JFET 
Q5, Q6- IRF530N- channel MOSFET 
U l -LM348N DIP -14 Quad bipolar op -amp 
U2, U3 -LM741 CN DIP -8 single bipolar op -amp 

RESISTORS 
(All resistors are % -watt, 5% units unless otherwise noted.) 
Rl, R3- 150,000 -ohm 
R2, R4, R25, R27- 82,000 -ohm 
R5 R8- 18,000 -ohm 
R9 R12, R21, R22-47,000-ohm 
R13R16, R23, R24- 10,000 -ohm 
R 17 R20-1- megohm 
R26, R28- 100,000 -ohm 

R29, R30 -100 -ohm 
R31, R32- 150 -ohm, 5 -watt Cement Power 

CAPACITORS 
CI C4 -1 -nF, 50 -volt polyester film, 10% 
C5 C8- 470 -nF, 50 -volt polyester film, 10% 
C9 C12- 47 -nF, 50 -volt polyester film, 10% 
C 13C 16- 10 -nF, 50 -volt polyester film, 10% 
C17, C18-100-nF, 50 -volt polyester film, 10% 
C19, C20 170 n axial polarized electrolytic, 50 -volt 

ADDITIONAL PARTS AND MATERIAL 
Two of heat sinks, (Mouser Electronics Stock No. 532 - 

551002B00), Four of hex Al standoffs, Y, x .375 (Mouser 
Electronics Stock No. 534- 2202), one 14 -pin DIP socket, 
two 8 -pin DIP sockets 



 shown connected between the out -termination 3 

of regulator U 1 and jack J1, limits current to an indi- 

cator LED (not shown) connected across jack J1 

and ground. 

Fig. 4. Full -sized foil pattern of the PCB for the power supply shown from com- 

ponent side of board. 

U2 by capacitors Cl and C2, headroom of 3 volts 
or greater occurs for both regulators for current 
consumption by the power supply and connect- 
ed components of 1.5 amps or less. 

Diodes D1 and D4 protect regulators U1 and 
U2 from the inadvertent state where the absolute 
value of the input voltage to the regulator is less 

than the absolute value of the output voltage. 
Such a state without a protective diode in place 
will destroy the regulator IC. For example, if 

capacitor Cl were to be shorted, then input ter- 
minal 1 of regulator U 1 is placed at ground. 
Capacitor C2 maintains the voltage at the out- 
put terminal of regulator U 1, terminal 3, at about 
+15 volts. Under these conditions, the anode of 
diode D l is positive with respect to its cathode, 
and the diode safely shunts current around regu- 
lator IC U1. 

Diodes D2 and D5 are included for protection 
of the devices connected to the power supply. If 

the polarities of the out -terminations of regulators 
U 1 and U2 were to accidentally reverse polarity 
with respect to ground, then diodes D2 and D5 

reduce the absolute value of those reverse polar- 
ities to 0.6- volt -protecting circuitry connected to 
the power supply. Capacitors C2 and C4 of the 
same figure, connected from the out -termination 
3 of regulators U 1 and U2 to ground, greatly 
improve AC ripple voltage rejection. Resistor R1, 
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Controlling Board. The power -supply voltages of 
the controlling board shown at Fig. 2 are V- and 
ground for the purpose that will become clear later 
when the joint operation of the controlling and sig- 

nal- processing boards (Fig. 3) is discussed. 
ICs U 1 A and B are CMOS 555 - type timers in a 14- 

pin package. As ground is positive with respect to 
V -, Vcc equals ground for U 1. Not shown at Fig. 2, 

pins 7 and 14 of U 1 are connected to V- and 
ground, respectively. Timers A and B of U 1 are con- 
figured as independently free -running multivibrators 
or square -wave generators. 

The period of oscillation of timer A of U 1 equals 
0.695 times the summation of the value of resis- 

tance of RI plus twice the value of resistance of R3 

times the value of capacitance of C2 equals 14 

seconds. The period of oscillation of timer B of U 1 

equals 0.695 times the summation of the value of 
resistance of R2 plus twice the values of resistance 
of R4 and R5 times the value of capacitance of C3 

equals 21 seconds. 
Given that timers A and B of U 1 operate inde- 

pendently at somewhat different periods of oscilla- 
tion, the state of the output terminal pin 5 with 
respect to that of output terminal pin 9 can be con- 
sidered to be a random relationship or repetitive 
after a long time interval. Capacitor C1, connect- 
ed from ground at pin 4 of U 1 to V -, functions to 
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Fig. 5. Parts placement on power -supply PCB. 
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Fig. 6. Pin -outs of the voltage regulator ICs of the power supply 

bypass signals from the power -supply line for isolation 
of the operation of timers A and B. 

IC U2 is a 4011 Quad NAND gate. Not shown at Fig. 2, 
Vss connected to pin 7 of U2 is the V- voltage, and VDD 
connected to pin 14 of U2 is ground. A NAND gate func- 
tions according to its truth table such that if both of its 
inputs are high, then its output is low and vice versa. So 
applying an input voltage to both input terminals of a 
NAND gate causes the voltage taken at the output ter- 
minal of that gate to be the inverse of the applied 
voltage. Gates A and B of U2 function as inverters of 
the output states of the two multivibrators. Note that 
pins 1 and 2 of gate A of U2 are connected to out -pin 
5 of timer A of U 1, and pins 5 and 6 of gate B of U2 are 
connected to out -pin 9 of timer B of U 1. Gates C and 
D of U2 are not used, so output pins 10 and 11 are 

34 open; and input pins 8, 9, 12, and 13 are tied to ground 

since they are located next to pin 14 of the same IC, 
also connected to ground. 

ICs U3 and U4 are type 4066 Quad bilateral switches 
in a 14 -pin package. Not shown are the power con- 
nections to U3 and U4, Vss at pin 7 connected to V -, 
and VDD at pin 14 connected to ground. 

First and second pairs of switches of U3 and U4 in Fig. 
2 are connected, respectively, in series and in parallel 
between an output jack, J3 -J6, and V -. Switches A 
and C of U3 are connected in series between jack J4 
and V -. Switches A and C of U4 are connected in 
series between jack J6 and V -. Switches B and D of U3 
are connected in parallel between jack J3 and V -. 
Switches B and D of U4 are connected in parallel 
between jack J5 and V -. Control terminals of U3 and 
U4 are connected to either pin 5 or 9 of U 1 or pin 3 or 
4 of U2. 

For example, series connecting of switches A and C 
of U3 is as follows. A first termination of switch A, pin 1, 
is connected to V -. The second termination of switch 
A, pin 2, is connected to a first termination of switch C, 
pin 3. The second termination of switch C, pin 4, is con- 
nected to jack J4. The control terminal corresponding 
to switch A, pin 13, is connected to pin 5 of IC U l . The 
control terminal corresponding to switch C, pin 5, is 
connected to pin 9 of IC U 1.The presence or absence 
of V- at jacks J3 and J4 controls cross -feeding of the 
right -channel signal to the left- channel output, and at 
jacks J5 and J6 it controls cross -feeding of the left- 
channel signal to the right -channel output. 

Signal- Processing Board. Processing for the left-chan- 
nel output is described here. Processing for the right - 
channel output has the identical elements of the left 
channel and complementary controlling voltages and 
signals. (See Fig. 3.) 

Left-channel processing includes two legs of passive 
low -pass filtering of the right -channel input signal. A 
first leg is the connection of the first pad of jack J4 to a 
first termination of resistor R1 and the connection of 
the second termination of resistor R1 to a first termina- 
tion of capacitor Cl, the second termination of C 1 

being connected to ground. The filtered output volt- 
age is taken at the junction of R1 and C1, which is 

connected to the non -inverting input terminal of op- 
amp U 1 A. The second leg of filtering is composed of 
jack J4, resistor R2, capacitor C2, and op -amp U 1 B, 
configured in the identical way as the first leg. The cut- 
off frequency of the first leg equals the inverse of the 
product of 2pi times R1 times Cl, or 1 kHz. The cut -off 
frequency of the second leg, calculated in the same 
manner as that of the first leg, equals 1.9 kHz. 

Op -amps U 1 A and B buffer the outputs of the filters 
for connection to the following circuitry. 

Audio mixing of the frequency -filtered right -channel 
signal and the unfiltered left- channel signal is accom- 
plished by op -amp U2, configured as an inverting 
amplifier. A first input leg is the connection of the 
inverting input terminal of op -amp U2, pin 2, to the 
drain termination of JFET Q1. The source termination of 
JFET Ql is connected to a first termination of input resis- 
tor R9. The second termination of resistor R9 is con- 



 

ac. 0. (VAT 
itviune; 

Fig. 7. Full -sized foil pattern of the PCB for the controlling circuitry 
shown from component side of board. 

nected to a first termination of AC coupling capacitor 
C5, the second termination of which connects to out- 
put pin 1 of buffering op -amp UTA. A second input leg 
is JFET Q2, resistor R10, and capacitor C6 connected 
from the inverting input terminal of op -amp U2 to the 
output pin 7 of buffering op -amp U 1 B in the same 
manner as the first leg. A third input leg is resistor R21 

connected between pad 1 of jack J5 and the invert- 
ing input terminal, pin 2, of op -amp U2. 

Switching of the two frequency -filtered right -chan- 
nel signals, simultaneously one in and one out, is 

effected by rendering the channels of the JFET's Q1 

and Q2 conductive and non -conductive, respective- 
ly, or vice versa. If no connection is made to jacks J6 

and J7, then any charge on capacitor C9 connected 
between ground and the gate of JFET Q1 is dis- 

charged to ground by resistors R17 and R13. As a result, 
the gate of the depletion -type JFET, Q1, finishes at 
ground potential, and the channel of Q1 is conduc- 
tive. If either jack J6 or J7 is connected to V- or nega- 
tivel5 volts, then, due to voltage division by the series 
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connection of resistors R5 and R13 between jack J6 

and ground, the voltage taken at the junction of resis- 

tors R5, R13, and R17 equals about negative 5.4 volts. 

Capacitor C9 charges to that voltage. When the volt- 
age taken at the gate of JFET Q1 is less than negative 
4 volts, then the channel of Ql is rendered non -con- 
ductive. The voltage divider consisting of series -con- 
nected resistors R5 and R13 reduces switching noise by 
JFET Ql since the rate of charging of capacitor C9 
when it approaches negative 4 volts is much slower 
than if it were charging to negative 15 volts. 

The channel of JFET Q2 is rendered conductive or 

non -conductive in the same manner as JFET Ql. 
With jack J7 disconnected from V -, signal diodes D1 

and D2 isolate V- taken at one of the two jacks J6 or 
J8 from rendering the channels of both JFETs Ql and 
Q2 non -conductive. If jack J7 is manually connected 
to V -, then the channels of both JFETs Q1 and Q2 are 
rendered non -conductive defeating cross -feeding. 

The value of resistance of input resistors R9, R10, and 
R21 equals 47,000 ohms. The value of resistance of the 

> U2 

Fig. 8. Parts placement on the PCB for the controlling circuitry. 
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Fig. 9. Pin -outs and power -supply connections to the IC pins of the con- 
trolling circuitry. 

channels of JFETs Ql and Q2 rendered fully conduc- 
tive with respect to that value of resistance is negligi- 
ble. The value of the feedback resistor connected 
between pins 6 and 2 of op -amp U2, R23, is 10,000 
ohms. ACL of the inverting amplifier U2 therefore is 

equal to 0.2. Audio mixer U2 was configured with this 
value of ACL for the purpose of allowing for an ade- 
quate number of degrees of rotation of the volume 
control of an integrated amplifier. This rotation corre- 
sponds to low volume to the maximum listening level 
when the stereo source signals are taken at the speak- 
er terminals of the amplifier. 

Finally, capacitor C17 and resistor R29 connected in 
series connect output pin 6 of op -amp U2 to the gate 
of the N- channel MOSFET Q5 configured as a source 
follower. FET Q5 matches the high impedance of the 
preceding signal -processing circuitry to the low 

impedance of the left phone connected between 
ground and jack J12. Capacitor C17 provides AC cou- 
pling, and resistor R29 stabilizes FET Q5. The voltage 
divider bias stick consisting of the series connection of 
resistors R25 and R26 from V+ to V- biases the gate of 
FET Q5 at about +16.5 volts with respect to V -. As a 
result, with respect to ground, the quiescent source 
voltage equals about -2 volts so that output -coupling 
capacitor C19 can be polarized. Vz of Zener diode D5 
equals 15 volts and protects the gate of FET Q5 from 
voltage transients greater than VGS max, which equals 
±20 volts. The resistance value of R31 causes bias cur- 
rent to be equal to about 90 mA for linear Class A 
operation of FET Q5. The value of capacitance of C19 
limits the minimum impedance of the headphones 
connected to the processor to about 32 ohms. If 
headphones with a nominal impedance lower than 32 
ohms are to be used with the processor, then the value 
of capacitance of C19 must be proportionately 
increased so as not to limit bass response. 

Electronically Shifted Fc. Table 1B shows the inter- 
connection of jacks J3 -J6 of the controlling circuitry of 
Fig. 2 to jacks J6, J8, J9, and J11 of the signal- process- 
ing circuitry of Fig. 3. These connections produce an 
automatic and random shifting of the cut -off frequen- 
cies of channel cross -feeding. The logic of this auto- 
matic shifting is tabulated at Table 2. Note that a pre- 
condition of the tabulation of Table 2 is disabling of the 
connection of jacks J7 and J10 of Fig. 3 to V- with a 
toggle switch not shown at Fig. 3. 

In Fig. 2, where the voltages taken at pins 5 and 9 of 
U 1 are both at ground, the connection from jack J3 to 
V- is open as the control terminals of switches U3B and 
D are connected to the output terminals of inverters 
U2A and B, respectively. Jack J4 is connected to V- as 
the control terminals of switches U3A and C are con- 
nected respectively to pins 5 and 9 of U 1. Like jack J3, 
jack J5 is parallel connected to V- but oppositely con- 

trolled, so jack J5 is connected to V -. 
Like jack J4, jack J6 is series connect- 
ed to V- but oppositely controlled, so 
jack J6 is disconnected from V -. 

The state of switching of the left - 
channel processing of Fig. 3 corre- 
sponding to the state of the control- 
ling circuitry of the above paragraph 
is as follows. The open connection 
from V- to jack J3 of Fig. 2, which is 

connected to jack J8, means that 
the voltage taken at jack J8 is at 
ground because of the connection 
of resistor R14 to ground. This causes 
capacitor 010 to be discharged to 
ground and the channel of JFET Q2 is 

made conductive. Jack J4 of Fig. 2 
not isolated from V- and connected 
to jack J6 causes capacitor C9 to be 
charged to V- and the channel of 
JFET Ql is made non -conductive. 
Therefore, the upper leg of low -pass 
filtering with a cut -off frequency 

Fig. 10. Fifty- percent -sized foil pattern of PCB for the signal -processing circuitry shown from the 
component side of board. 
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therefore that of a NAND gate. 
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of the time the cut -off frequencies of 
cross -feeding are equal while for the 
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one channel of cross -feeding than that of 
the other. This scheme of cross -feeding 
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cut -off frequency of cross -feeding of the 
right -channel source signal by my proces- 
sor increasing to 1.9 kHz while that of the 
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simulates the listener shifting his head to 
the right. Shifting of the listener's head to 

the left is simulated by my processor by the cut -off fre- 
quency of the left- channel source signal increasing to 
1.9 kHz while that of the other leg of cross -feeding 
remains at 1 kHz. 
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Fig. 11. Parts placement on the PCB of the signal- processing circuitry. 

equal to 1 kHz is disconnected from input to op -amp 
U2 and associated components configured as an 
audio mixer, while the lower leg of low -pass filtering 
with a cut -off frequency of 1.9 kHz is connected from 
the same. Shown at Table 2, the value of Fc of low - 
pass filtering of the right -channel source signal (XR -CH) 
mixed with the unfiltered left- channel source signal 
equals 1.9 kHz. 

Continuing to consider the voltages taken at pins 5 

and 9 of U 1 of Fig. 2 to be both at ground, the state of 
switching of the right -channel processing of Fig. 3 fol- 
lows. Jack J5 of Fig. 2, not isolated from V- and con- 
nected to jack J11, causes capacitor C12 to charge 
to V -, making the channel of JFET Q4 non -conductive. 
The open connection from V- to lack J6 of Fig. 2 con- 
nected to jack J9 means that the voltage taken at 
jack J9 is at ground because of the connection of 
resistor R15 to ground. This in turn causes capacitor 
C l 1 to be discharged to ground, and the channel of 
JFET Q3 is made conductive. The result is that the 
upper leg of low -pass filtering with a cut -off frequency 
equal to 1 kHz is connected to the input of op -amp U3 

and associated components configured as an audio 
mixer, while the lower leg of low -pass filtering with a 
cut -off frequency equal to 1.9 kHz is disconnected 
from the same. That is, at Table 2, the value of Fc of 
low -pass filtering of the left- channel source signal (XL- 

CH) mixed with the unfiltered right- channel source sig- 
nal equals 1 kHz. 

The remainder of the values of Table 2 can be 
understood by repeating the method of analysis taken 
above. If the voltage taken at jack J11 of Fig. 3 is con- 
sidered to be the output state and the voltages taken 
at pins 5 and 9 of U 1 of Fig. 2 are considered to be the 
input states, then this circuitry functions according to 
the logic of a NOR gate. Jack J8, which is parallel -con- 
nected to V- in the same manner as jack J11, also 
functions according to the logic of a NOR gate with 
respect to the voltages taken at pins 3 and 4 of invert- 
ers U2A and U2B. Jacks J6 and J9 of Fig. 3 are each 
separately connected to V- by a pair of switches in 

series circuit. The resulting logic of the voltages taken 

R32 

Building It. Information for contacting the recom- 
mended suppliers appears as a side bar. If a 
RadioShack is located near you, then that would also 
be a possible source. All of the required parts and sup- 
plies for this project are commonly available from 
many other sources. 

The circuitry of each of Figs. 1 -3 is constructed on a 
separate PCB allowing you to easily test the correct 
functioning of sections of the processor before final 
assembly. If you can construct PCBs of good quality, 
then you have won half the baffle of building my 
processor. 

The use of sockets for the ICs is recommended as 
this allows you to easily check for solder bridges with 
an ohmmeter, avoid heat damage, check for the 
presence of power -supply voltages, and easily 
replace the IC if damaged. 

Construction. The PCBs of my processor were etched 
from pre- sensitized (pre- coated), positive acting 
board stock of VÒ-inch glass epoxy (FR -4) with one 
ounce of copper cladding on one side. The three 
required PCBs of this project are of standard size with 
the exception of the board for the power supply mea- 
suring one inch shorter lengthwise than standard size. 

The boards of the power supply, controlling circuitry, 
and signal -processing circuitry measure, respectively, 
4 x 5 inches, 3 x 6 inches, and 6 x 9 inches. 

The trace patterns of foil from the component -side 
of each board (X -ray view) are shown at Figs. 4, 7, and 
10. Printing these trace patterns from a computer file 
to my laser printer on a sheet of transparent laser film, 
I found that the opacity of the traces and pads was 
not adequate. Exposing the etch -resistant coating of 
the PCBs for an adequate period of time to allow 
removing of the etch -resistant coating in the exposed 
areas resulted in a weak resistance to etching of the 37 
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Fig. 12. Pin -outs of the transistors of the signal -processing circuitry. 

trace pattern. My solution to getting the required 
amount of opacity of the trace patterns was to print 
out two transparencies of each trace pattern and 
then to glue the two transparencies together, precise- 
ly matching patterns. Glue that is excellent for doing 
this is Avery's "Glue Stic" intended for gluing paper, 
Avery # 00226. The glue is placed outside the perime- 
ter of the trace pattern of one transparency and sets 
slowly enough that the transparencies can be reposi- 
tioned somewhat after pasting them together. This 
technique of obtaining the required opacity of trace 
patterns probably also works making transparencies 
with a photocopying machine. I found that a single 

38 transparency -copy of a trace pattern on white paper 

produced by the type of photocopy machine nor- 
mally used at printing shops lacked the required opac- 
ity. The question is to what extent the spacing and 
dimensions of a second photocopy is identical to that 
of the first. 

The centers of the mounting holes of the PCBs of 
Figs. 4, 7, and 10 are shown by the small dots located 
near each of four corners of the rectangle, indicating 
the perimeter of the board at each figure. The diame- 
ter of these holes for mounting with 4 -40 machine 
screws should be IA inch. The diameter of the holes for 
making point -to -point power connections with insulat- 
ed and stranded 18 AWG wire is /i inch. The power -line 
output jacks of the PCB of the power supply shown at 
Fig. 5 are jacks J2, J5, J6, J10, and J11. The power -line 
input jacks of the board of the controlling circuitry 
shown at Fig. 8 are jacks J1 and J2. Jacks J1, J2, and 
J3 are the power -line input jacks of the signal- process- 
ing board of Fig. 11. 

The diameter of all of the other holes of the PCB of 
the power supply, shown at Fig. 4, equals .042 inches 
or wire size 58. 

The diameter of the holes of jacks J3 -J6 of the PCB 
of the controlling circuitry, shown at Fig. 8, equals ''V16 

inch for accepting 18 AWG stranded and insulated 
wire. Jacks J3 -J6 are the output terminations for con- 
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V+ 

8 7 6 5 
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V- 

Fig. 13. Pin -outs and power supply connections to the IC pins of the sig- 
nal- processing circuitry. 
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Tip and ring contacts of phone jacks carry respectively left- and right - 
channel signals. 

PARTS LIST FOR THE 
CHASSIS- MOUNTED COMPONENTS 

(FIG. 14) 

F1 -1A fast -acting fuse and fuse holder 
Sl- Standard SPST toggle switch 
S2- Miniature SPST toggle switch 
T1 -115 -volt primary, 35 VCT /1.5 -amp secondary power 

transformer (Mouser Electronice Stock No. 553 -F54X or 
equivalent) 

J1, J2 -3 con. % -inch phone jack 
D1- Panel -mounted LED indicator, such as RadioShack 

Stock No. 276 -069B 

trolling signals. All of the other holes of the PCB for the 
controlling circuitry, shown at Fig. 7, are of the diame- 
ter equal to wire size 58. 

Shown at Fig. 11, the jacks J6, J8, J9, and J11 accept 
control signals from the controlling circuitry by 18 AWG 
stranded and insulated wire; and, therefore, the pads 
of these jacks have a hole -size diameter equal to 'A6 

inch. Jacks J12 and J13 of the same figure connect to 
an output phone jack with 18 AWG stranded and insu- 
lated wire; therefore, the hole- diameter size of these 
jacks also equals 'A6 inch. The diameter of all of the 
other holes of the PCB of Fig.10 is wire size 58. 

Photo 2 shows the placement of the PCBs and the 
power transformer in the chassis, LMB #10123, Mouser 
Stock Nr. 537 -10123. Also visible in this photo are the 
fuse holder and power cord with attached strain relief 
mounted on the rear panel and the power switch, pro- 
cessing defeating switch and input /output phone 
jacks mounted on the front panel. 

A photocopy of Fig. 7 glued to the rear panel and 
photocopies of Fig. 4 and 10 glued to the bottom of 
the chassis provide templates for drilling the holes for 
mounting the PCBs. A rectangular template of paper 
for drilling the mounting holes for the power trans- 
former, also glued to the bottom of the chassis, has a 
length equal to the distance from edge to edge of its 

mounting tabs and a width equal to the outside diam- 
eter of its windings. When placing the template for 
drilling the mounting holes for the PCB of the control- 39 
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TABLE 1 

(A) INTERCONNECTIONS FROM POWER SUPPLY TO 
CONTROLLING & SIGNAL-PROCESSING BOARDS 

PWR BD, FIG. 5 CNTRL BD, FIG. 8 SP BD, FIG. 11 

J5 (GND) J1 / 
J6 (GND) / J2 
J10 (V -) J2 / 
J11 (V -) / J3 
J2 (V +) / J1 

(B) INTERCONNECTIONS BETWEEN CONTROLLING & 
SIGNAL-PROCESSING BOARDS 

CNTRL BD, HG. 2 & 8 SP BD, FIG. 3 & 11 

J3 J8 
J4 J6 
J5 J11 
J6 J9 

(C) INTERCONNECT BY POINT TO POINT WIRING ON 
SIGNAL-PROCESSING BOARD 

SP BD, FIG. 11 SP BD, FIG. 11 

J7, PAD 1 J10 

Table 1. Wiring between PCBs (A and B) and a single point -to -point wiring on the sig- 
nal processing board (C). 

ling circuitry on the rear panel, be certain that the 
edge of the board nearest the corner of the chassis is 

1'4- inches distant from the corner to clear the corner 
brace. To accept 4 -40 machine screws, the diameter 
of the holes for mounting the PCBs equals '4 inch. To 
accept 6-32 machine screws, the diameter of the 
holes for mounting the transformer equals %2 inch. 

If you use an Avery "Glue Stic" for attaching the above 
templates, then after drilling the holes, the templates and 
glue can be removed with warm soapy water. 

Ventilating holes are drilled in the right -hand side of 
the chassis (visible at Photo 2) and in the cap of the 
chassis (visible at Photo 1), LMB #10123C and Mouser 
Stock Nr. 537- 10123C. I drilled '4 -inch diameter holes 
with the drilling centers spaced at 3h -inch apart. Slots 
must be cut into the flange of the cap cover overlap- 
ping the rear panel where two 4 -40 machine screws 

Photo 1. The aluminum chassis of the processor measures 10 X 12 X 3 inches. 

are to be inserted near the top edge of the 
rear panel of the chassis for mounting the 
PCB of the controlling circuitry. 

Building The PCB Circuitry. The parts place- 
ment diagrams for the power supply, control- 
ling circuitry, and signal -processing circuitry 
are, respectively, Figs. 5, 8, and 11. The com- 
ponents shown at these diagrams as a "JP "- 
type of part are jumpers; these jumpers are 
not shown at the corresponding schematic 
drawings and are constructed from 24 AWG 
solid tinned bus wire. A 50 -foot spool of this 
wire is available at RadioShack as Stock Nr. 
278 -1341. 

Markings and indicators of orientation 
shown at Figs. 5, 8, and 11 are a ( +) symbol 
indicating the lead of a polarized electrolytic 
capacitor that is the positive one, a line at 
one end of the outline of diodes indicating 
the cathode termination and the position of 
the notch of an IC socket, and the IC to be 
inserted in the socket always to the left. 
Viewed from the component -side of each 
board as shown at the parts placement dia- 
grams, pin 1 of all of the ICs is the first pin on 
the left of the bottom row of pins. 

As previously mentioned, installing IC sockets 
is highly recommended for several good rea- 
sons. Also, ease of removal and replacement of 

U 1 of the controlling circuitry, Fig. 2, is helpful in a proce- 
dure, to be described in a later section, for comparing 
cross- feeding with and without the electronically con- 
trolled variation of the cut -off frequencies. 

The pin -outs of the voltage regulators U 1 and U2 of 
Fig. 5 are shown at Fig. 6. The pins of each regulator 
are bent at a 90° angle relative to the TO220 -type 
case of the regulator. The regulator is then bolted to 
the PCB with the heat sink placed between the case 
of the regulator and the board surface. Fix the position 
of each heat sink on the board with hot glue so that it 
doesn't contact the pins of the regulator IC or other 
components on the board. (See Photo 3.) At Fig. 5, pin 
1 of each regulator is indicated by a rectangle at one 
end of and inside the part outline of the regulator. At 
the same figure, pin 1 of the bridge rectifier D3 is also 
indicated by a rectangle within the outline of the rec- 
tifier and is the positive terminal of the rectifier. 

The parts placement diagram for the controlling cir- 
cuitry is given at Fig. 8. Figure 9 shows the identical 
numbering of pins of the four ICs of the controlling cir- 
cuitry. For all four ICs, the power supply connections 
are pin 7 to V- and pin 14 to ground. The completed 
circuitry is shown in Photo 3. 

Figure 11 shows the parts placement diagram for 
the signal -processing circuitry. The pin -outs of transis- 
tors Q1 -Q4 and Q5 and Q6 of Fig. 11 are shown at Fig. 
12. Pin 1 of transistors Q1 -Q4, indicated by a rectangle 
within the outline of each transistor, can be either the 
source or drain termination of the 2N3819 -type transis- 
tor. For transistors Q5 and Q6, the pins of each transis- 
tor line up vertically at Fig. 11 with pin 1 (the gate ter- 



mination) at the top. The 
pins of Q5 and Q6 are bent 
at a 90° angle relative to the 
case of the transistor and 
are bolted horizontally to 
the board with a heat sink 
between the case of each 
transistor and the board. 
Again, fix the position of 
each heat sink on the board 
with hot glue so that it does 
not contact the pins of the 
MOSFET or other components 
on the board. (See Photo 3.) 

Testing The PCBs. Some 
testing of the filled boards is 

in order before installing the 
PCBs in the chassis, wiring 
them together, and connect- 
ing to the chassis -mounted 
components. If you fully 
assemble the processor and 
then discover that some- 
thing isn't functioning prop 
erly, fixing the problem could 
be a royal pain in the neck. 

Starting with the power 
supply, you want to connect it to AC power and then 
check the DC output voltage readings with no load 
and with a moderate load. (See Fig. 5.) Connect the 
end terminations and the center tap of the secondary 
winding of the transformer to, respectively, jacks J3, J9, 
and J4. The type of transformer required is listed in the 
Parts List for The Chassis -Mounted Components, Fig. 14. 

When you are ready to power up, connect the prima- 
ry leads of the transformer to 1 15VAc. Be careful in 

handling the connections to the primary winding as 
the voltage of the primary winding can give you an 
unhealthy shock. 

Continuing at Fig. 5, where the outputs of the power 
supply are unloaded, the voltages of V+ taken at jack 
J2 and V- taken at jacks J10-J12 should be about 
equal to, respectively, +15 volts and -19 volts. 
Connecting a first load resistance of 150 ohms from 
jack J2 to ground and a second load resistance of the 
same value from jacks J10-J12 to ground, the voltages 
of V+ and V- should equal, respectively, very nearly 
+15 volts and slightly less than -15 volts or about -14.8 
volts. 

Next, check the controlling circuitry, see Fig. 8. After 
making the connections from the power supply to the 
controlling circuitry (ground to jack J1 and V- to jack 
J2), pins 7 and 14 of each of the Cs, U1 -U4, should be 
at the power supply voltages of, respectively, V- and 
ground. Connecting a voltmeter on turn to jacks J3 -J6, 
over about a one minute interval, the DC voltage 
taken at each jack should change after an interval of 
several seconds from an open connection to con- 
nected to V- and vice versa. 

Table 2 can be "converted" to tell you whether or 
not the logic of the controlling circuitry is correct or 

TABLE 2 

UTA U1B U2A U2B J8 J6 X R- 
CH 

J11 J9 X L- 
CH 

Pin 5 Pin 9 Pin 3 Pin 4 Fc, 
kHz 

Fc, 
kHz 

GND GND V- V- GND V- 1.9 V- GND 1.0 

(high) (high) (low) (low) 

V- GND GND V- V- GND 1.0 V- GND 1.0 

(low) (high) (high) (low) 

GND V- V- GND V- GND 1.0 V- GND 1.0 

(high) (low) (low) (high) 

V- V- GND GND V- GND 1.0 GND V- 1.9 

(low) (low) (high) (high) 

At Fig 2: U1A & B, Astable multivibrators; U2A & B, Inverters. 

At Fig. 3, jacks J6, J8, J9 & J11: control voltage junctions. X= cross -feed signal. 

Connection from V- to J7 and J10 at Fig. 3 is open. 

Table 2. Logic of selecting the cut- off frequencies of cross feeding. 

not. First substitute jacks J3 -J6 of the controlling circuit- 
ry for the jacks of the signal -processing circuitry given 
at Table 2, by referring to Table 1B which indicates the 
controlling jacks of the two boards that are connect- 
ed. Second, wherever Table 2 indicates "GND" (ground), 
substitute "OPEN." Looking at Fig. 8, remove U 1 from its 

socket and insert '1h -inch lengths of buss wire into the 
insertion locations of the socket for pins 5 and 9 of the 
IC. With a pair of leads terminated with IC test clips, 
connect the two short lengths of buss wire to ground 
and V- according to "converted" Table 2 and check 
that the voltages taken at jacks J3 -J6 correctly corre- 
spond to the simulated output voltages of pins 5 and 9 

of U1. 

Looking at Fig. 11, the power supply voltages V+ and 
V- are connected respectively to jacks J1 and J3. 

Ground of the power supply is connected to jack J2. The 
voltages taken at pins 4 and 11 of U1 should equal, 

Photo 2. Placement of the PCBs and power transformer in the chassis. 41 



Photo 3. PCBs of the processor, power supply at top left, controlling cir- 
cuitry at top right, and signal- processing circuitry at the bottom. 

respectively, V+ and V -. The voltages taken at pins 4 and 
7 of U l and U2 should equal, respectively, V- and V +. 

To test filtering by the signal -processing circuitry of Fig. 
11, connect the tip and ring contacts of the phone plug 
of a pair of headphones to, respectively, jacks J12 and 
J13. The sleeve of the phone plug is connected to 
ground. With no connections made to jacks J6 -J11, 
apply a sine wave signal initially with a frequency equal 
to 500 Hz to right -channel input jack J4 only. The applied 
AF signal should be heard at an equal level in both 
headphones. Advancing the frequency of the AF signal 
to above 1 kHz should result in a gradual dropping of the 
level of the signal heard at the left ear. Returning the fre- 
quency of the AF input signal to 500 Hz and then con- 
necting jack J7 to V- should cut out the input signal 
heard at the left ear. This procedure should be repeated 
applying the sine wave signal to left- channel input jack 
J5 only and connecting jack J10 to V- to cut out the 
input signal heard at the right ear. 

Final Assembly. The filled printed circuit boards are 
attached to the bottom and rear panel of the chassis with 
3k -inch long hex aluminum standoffs. Apply self- adhesive 
feet to the bottom of the chassis that are of sufficient 
height to protect surfaces from the heads of the 4-40 
machine screws protruding below the bottom panel of 
the chassis such as RadioShack Stock Nr. 64 -2342. 

Table 1 indicates the required point -to -point wiring 
between the PCBs and on the signal -processing board. 
For this wiring, use 18 AWG stranded and insulated hook- 
up wire. Figure 14 indicates the connections to be made 
between the chassis- mounted components and the 
PCBs. The chassis- mounted components are listed in the 
Parts List for the Chassis- Mounted Components, Fig. 14. 

Wiring from the input phone jack J1 of Fig. 14 to jacks J4 
and J5 of the signal -processing circuitry, Fig. 11, is made 
with shielded two- conductor audio cable. One end of 
the shield conductors of these cables is connected to 
pad 2 of jacks J4 and J5 of Fig. 3. The opposite ends of 
the shield conductors are connected to the sleeve con- 
tact of input jack J1 of Fig. 14. The indicator LED and 
switch S2 of Fig. 14 are connected to the PCBs with 22 
AWG stranded and insulated hook -up wire. All of the 
other point -to -point wiring of Fig. 14 is done with 18 AWG 

42 stranded and insulated wire. 

SOURCE INFORMATION 

CIRCUIT SPECIALISTS 
220 S. Country Club Dr. #2 
Mesa, AZ 85210 
800 -528 -1417 
www. web -tronics. corn 

DIGI -KEY 
701 Brooks Ave. S. 
Thief River Falls, MN 56701 
800 -344 -4539 
www.digikey.com 

MOUSER ELECTRONICS 
1000 N. Main St. 
Mansfield, TX 76063 
800 -346 -6873 
www:mousercom 

Operating It. The capacitance of C19 and C20 of Fig. 
3 limits the minimum nominal impedance of the head- 
phones driven by my ambience processor to 32 ohms. 
Driving headphones with nominal impedance less 
than 32 ohms is possible if this value is correspondingly 
increased. A 1000 -NF axial polarized electrolytic 
capacitor rated at 25 volts will fit on the PCB of Fig. 11 

where capacitors C19 and C20 are located. 
The signal -input jack of the processor that I built is 

connected to the speaker- output terminals of my inte- 
grated amplifier rather than to the headphone jack of 
my amplifier so as to avoid the poorer quality of the 
circuitry of the headphone amplifier compared to that 
of the circuitry for driving speakers. The resistance of 
R23 and R24 of Fig. 3 is based on the range of voltage 
taken at the speaker output terminals. If greater volt- 
age gain of my processor is required, then the value of 
resistance of those resistors can be increased. 

Switch S2 of Fig. 14 allows you to compare repro- 
duction with and without processing. When this switch 
is closed, then cross -feeding is defeated. The total 
effect on reproduction by my processor is not immedi- 
ately apparent as changing of the cut -off frequency 
of the legs of cross -feeding occurs over several min- 
utes. To best judge the improvement of reproduction, 
listen to a selection for a few minutes and then defeat 
processing. 

Comparing the effect of cross- feeding with and 
without the variation of the cut -off frequency of low - 
pass filtering of cross -feeding can be done as follows. 
First, for several minutes listen to a selection with switch 
S2 of Fig. 14 open. Second, remove U l of Fig. 8 from its 
socket and connect two short lengths of buss wire to 
the contacts of its socket accepting pins 5 and 9. 
Finally, connect one length of buss wire to ground and 
the other length of buss wire to V- with a pair of test 
leads terminated with IC clips. Looking at Table 2, this 
arrangement causes the cut -off frequency of low -pass 
filtering of both legs of cross -feeding to remain con- 
stant and equal to 1 kHz. With switch S2 of Fig. 14 
remaining open, you can now listen to the same selec- 
tion without the variation of cross -feeding P 
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Stereo Phone Plugs 
Ql am building a pair of interconnects from 
scratch and am new to electronics. On one 

end of each interconnect, there will be a left 

and right RCA plug and on the other a 3- 

conductor, 3.5-mm phone plug. When sol- 

dering, can I solder the ground of the left 

and right RCA's directly to the same ground 
connector on the 3.5 -mm, or will this cause 

the two outputs to drive each other? Do I 
need a resistor? Also, how can I tell which 

lead connector is Wright on the 3.5- 
mm?-S.N., via e -mail 

AYou won't need any resistors in your 
cables. The hardest part is using two 

shielded cables, one from each RCA 
plug, and trying to get them to both tit 
into the tiny 3.5 -mm connector shell. 
My suggestion is to use RG -135/U coax 
or other miniature coax that has a small- 
er diameter of about %2 -inch. Standard 
audio or radio frequency (RF) coax is too 
large and clunky for this application. 
The shield of the cable goes to the out- 
side part of the RCA plug, while the 
center conductor goes to the male pin. 
You may have to use a taper reamer, file, 
or knife to enlarge the cable opening in 
the phone plug's shell. 

You can connect both of the shields of the 
other end of the cables together to the com- 
mon or ground connection of the 3.5 -mm 
phone plug. The standard for both 3.5 -mm 
and % -inch stereo (two-circuit) phone plugs 
has the tip carrying the left channel and the 
ring carrying the right channel, while the 
sleeve is ground or common. Figure 1 illus- 

trates a typical male phone plug and the tip, 
ring, and sleeve portions. 

TIP (LEFT CHANNEL) 

SLEEVE (COMMON) 

RING (RIGHT CHANNEL) 

Fig. I. Two -circuit, stereo, 3.5 -inni or '/, -inch 

phone plugs have standardized wiring for the 

left and right channels. 

Soldering to some of these connec- 
tors, especially the RCA plugs, can get a 

little irritating. Most of them are Asian 
imports; and I'd swear that they all have 
a thin coating of oil, or maybe they're 
plated with chromium. Begin by tinning 
the connectors before you even think 
about attaching a wire to them. You may 
have to use a knife, file, or emery cloth 
to shine them up, sometimes getting 
down to the brass -base metal on really 
trying cases. 

Line -level Inputs 
Q%lost PC sound cards have a line -in jack. 
I believe that "line levels" are about one 

volt. How do you input other audio into the 

sound card at that level from, say, a radio 
earphone jack? Is the line also balanced? Do 

you have a circuit that would handle this? - 
V.B., via e -mail 

AInputs and outputs from sound cards 
are unbalanced, single -ended circuits. 

A balanced input is a differential input 
and is usually expected to have two sig- 
nals that are identical but 180 degrees 
out -of- phase, although there are ways 
around that. In the audio world, about 
the only place you'll see balanced inputs 
is in professional sound reinforcement 
systems, as used on the mixer micro- 
phone inputs. 

However, the sound card is a little 
more complicated than just a simple 
unbalanced input, for those little 3.5- 
mm line -input jacks are actually stereo 
jacks and require a 2- circuit plug for 
proper mating. They are two unbal- 
anced inputs, one for the left channel 
and the other for the right channel. 
Those types of plugs were illustrated in 
Fig. 1. All of the soundboards at my dis- 
posal have stereo jacks for line in, line 
out, microphone in and /or speaker out. 

Line -level inputs don't have a hard and 
fast standard and can range anywhere 
from around 100 -mV rms to 2 -volt rms 
and are typically a high- impedance circuit 
of around 47,000 ohms, a figure that also 
will vary from equipment to equipment. 
The earphone output of a simple radio is 

monophonic, and the tip of the radio's 
plug must be connected to both the tip 

and ring of the sound card's input plug. 
This connection insures that the mono- 
phonic signal will be distributed to both 
channels of the card if you want to use 

both channels. If the earphone jack is 

from a stereo source such as an FM radio, 
CD, or cassette player, a cable with a 2- 

circuit stereo plug on either end will suf- 

fice to connect the two together. 
Although the radio will have a low- source 
impedance, the output voltages should be 

near line -level voltages and should drive 

the sound card just fine. You can adjust 
the radio's volume control for the highest 
output without clipping to keep the sig- 
nal -to -noise ratio high. 

Doggie Doors 
QWhile visiting my son over the Christmas 
holidays, I saw an electronic pet door 

installed at his home that I liked, but needs 

modifications to make it practical. 
The door works great with the exception 

of the sending and receiving system. The 

door goes up and down smoothly and doesn't 

put any pressure on the animal if it's some- 

how caught by the door's descent. If the door 

touches anything, it opens back up automat- 
ically. The collar that the pet needs to wear 
in order to activate the door is another mat- 
ter. It contains a circuit board with a speak- 
er continually emitting an ultrasonic sound 
that can be picked up when the animal 
approaches the door. Aside from the need to 

periodically change batteries, the immediate 
problem is that his cat and my dog both dunk 
the TX collar in their water bowl while get- 
ting a drink, rendering the device useless 

until it's been dried out and the battery 
changed. Not too practical! 

I'm wondering how the systems used at 
retail stores work that sense magnetic 
strips /sending units if you leave the area 
without first having the device deactivated? 
Could you make any suggestions as to how I 
could adapt something like that to one of 
their electronic pet doors? 

AAn ultrasonic emitter hanging around 
the neck of an animal whose ears perk 

up at the sound of a "silent" dog whistle? 
Does the ASPCA know about this? 

The anti- shoplifting tags typically are 
resonant circuits. The pedestals on 43 



either side of the exit are a low -power 
transmitter and a receiver. When the res- 
onant tag passes between the pedestals, 
some power is robbed from the space 
between transmitter and receiver. When 
the receiver sees the resulting signal -drop, 
the alarm is triggered. I know this because 
we had the rep from one of those compa- 
nies at our school when we were consid- 
ering such a system. He explained it all 
and left me some adhesive -backed sample 
stickers. I attached one to the back of my 
business card and gave it to a lawyer friend 
of mine who promptly shoved it deep into 
her purse and forgot about it. After her 
trip to Wal -Mart a month later, and ten 
attempts to get out the exit with the secu- 
rity folks in attendance, I had a new 
enemy. 

Anyway, the tags are deactivated by 
holding them near a high -power signal 
source that blows a link in the circuit, 
rendering it non -resonant. 

Since the tags are passive, they would 
make an excellent, potable (in this case, 
that's pot -able, not pote -able) collar tag 
for a pet that would be impervious to 
moisture and other environmental con- 
cerns. However, the cost of the commer- 
cial transmitter /receiver set will take 
your breath away. I'm not sure how easy 
it would be to duplicate a similar system 
that would be stable enough to eliminate 
false triggers, yet sensitive enough to 
reliably open the door. Any readers care 
to take a stab at it? 

My Wires Are Crossed 
Readers Dave Marzetti and Gary 
Modrell noticed that I tend to do too 
much of the work on this column late at 
night when I should be sleeping and not 
coming up with "wonderful" ideas. My 
simple diode -steering 3 -to -2 -wire trailer 
turn signal and brake -light converter 
circuit in the January 2002 column 
works fine until you apply the brakes, 
and then the turn signals will disappear. 
I knew that, but blithely designed right 
on past that concept anyway. My sugges- 
tion to just buy a commercial converter 
is still the best idea, because overall 
you'll get better reliability and proven 
circuitry. It will also end up being cheap- 
er, especially if you count the cost of all 
the labor of construction and the maga- 
zine. Most importantly, I won't get sued 
if you build our lamebrain circuits and 
then get rear -ended or sideswiped while 
trying to make a turn. 

44 I was down to the column deadline 
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Fig. 2. A turn- signal isolator circuit using PNP bipolar transistors is similar to a commercial 3 -to- 
2 -wire converter for trailer lights. 

last month on the "Wig-Wag" design. I 
had the circuit working just great when 
it dawned on me that the two headlights 
are tied together on the car, and I'd end 
up with the headlights doing nothing 
but flash on and off together. It's the 
reverse of the turn signal problem. So 
that item had to be scooted off to this 
month's column so that I could test out 
my modification. At the rate that I'm 
going with these automotive projects, 

LEFT 
TURN 
LINE 

D2 
1N4148 

that both circuits end up with the same 
voltage drop across the transistors and 
could probably be lowered by using a 

different design with P- channel 
MOSFETs or a more complicated N- 
channel design. I'm printing both cir- 
cuits for your experimenting pleasure, 
depending on what components you 
have available. Dave indicates that he's 
tested and used the bipolar transistor 
version (some of us are smarter than 

STOP LINE 
D3 

1N4148 RIGHT 
TURN 
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D1 

1N4148 
D4 

1N4148 

STOP/TURN FILAMENT 
OF LEFT 

TRAILER LAMP 

STOP/TURN FILAMENT 
OF RIGHT 

TRAILER LAMP 

Fig. 3. Another signal isolator using N- channel MOSFETs is a design option for such a converter. 

I'm going to have to build a mock -up of 
an automobile electrical system that I 
can use to test circuits. My electronics 
program is right next door to the auto- 
motive technology program. You'd think 
I'd have sense enough to walk over there 
and try these circuits out on their cars! 

Anyway, Gary, who's a design engi- 
neer, sent along a couple of circuits, one 
using bipolar transistors and the other 
using N- channel MOSFETs. He says 

others) and that the MOSFET circuit is 
a quick, untested offering. 

Wig -Waggin' the Wagon 
I ii, a olllnteer firefighter and recently 

ti started a course in basic electronics. I am 
looking for help on a circuit to operate the 
headlights on my truck. We use a device 
called a "wig -wag" that lets the headlights 
flash alternately. 



I would like to build a circuit to do that 
except I want my lights to flash in a different 
sequence: the left headlight flashes two times, 

the right two times, both two times, and then 

the sequence repeats. I know this is a strange 
request, but ever since I saw a truck do this 

I've wanted the same thing. And what better 
way to practice in my new electronics fascina- 
tion than to build something I could really 

show off? -R.S., Amory, MS 

A 
Texas Ranger Walker's Dodge and 
most other professional vehicles usu- 

ally flash xenon strobes mounted within 
the headlight and brake -light housings 

for a more intense effect that overrides 
the normal intensity of those lamps. Add 
to that the fact that some serious stress is 

placed on the filaments, and this will 

shorten their lives severely when you 
flash the headlamps like that. Finally, 
Illinois and many other states only allow 
flashing white lights on the front of 
"professional" vehicles such as fire 
trucks, ambulances, police cars and 
coroners' vehicles. (I just report `em, I 

don't explain `em -I guess they want 
them while they're still warm). They 
specifically prohibit flashing headlights 
on a volunteer fireman's personal vehi- 

HOW TO GET INFORMATION ABOUT ELECTRONICS 

On the Internet: See our Web site at 
www.poptronics.com for information and files 
relating to Poptronics and our former maga- 
zines (Electronics Now and Popular 
Electronics) and links to other useful sites. 

To discuss electronics with your fellcw 
enthusiasts, visit the newsgroups sci.elec 
tronics.repair, sci.electronics.componenrs, 
sci.electronics.design, and rec.radio.ama 
teurhomebrew. "For sale" messages are per- 
mitted only in rec.radio.swap and misc. 
industry. electronics. marketplace. 

Many electronic component manufac- 
turers have Web pages; see the directory 
at www.hitex.com /chipdir /, or try address- 
es such as www.ti.com and www.motoro 
la.com (substituting any company's name 
or abbreviation as appropriate). Many IC 
data sheets can be viewed online: 
www.questlink.corn features IC data 
sheets and gives you the ability to buy 
many of the ICs in small quantities using a 
credit card. You can also get detailed IOC 

information from www.icmaster.com, which 
is now free of charge although it formerly 
required a subscription. Extensive informa- 
tion about how to repair consumer elec- 
tronic devices and computers can be found 
at www.repair faq.org 

Books: Several good introductory electron- 
ics books are available at RadioShack, 
including one on building power supplies. 

An excellent general electronics text- 
book is The Art of Electronics, by Paul 
Horowitz and Winfield Hill, available from 
the publisher (Cambridge University Press, 
800 -872 -7423) or on special order through 
any bookstore. Its 1125 pages are full of 
information on how to build working circuits, 
with a minimum of mathematics. 

Also indispensable is The ARRL Handbook 
for Radio Amateurs, comprising over 1000 
pages of theory, radio circuits, and ready-to- 
build projects, available from the American 
Radio Relay League, Newington, CT 06111, 
and from ham -radio equipment dealers. 

Back issues: Copies of back issues of and 
past articles in Electronics Now, Popular 
Electronics, and Poptronics can be ordered 
on an "as available basis" from Claggk, Im., 
Reprint Department, P.O. Box 12162, 

Hauppauge, NY 11788; Tel: 631- 592 -6721. To 

ensure receipt of the correct material, readers 
must supply complete information on the arti- 
cle or issue that they wish to buy. 

Poptronics and many other magazines are 
indexed in the Reader's Guide to Periodical 
Literature, available at your public library. 
Copies of articles in other magazines can 
be obtained through your public library's 
interlibrary loan service; expect to pay about 
30 cents a page. 

Service manuals: Manuals for radios, TVs, 
VCRs, audio equipment, and some comput- 
ers are available from Howard W. Sams & 

Co., Indianapolis, IN 46214; (800 -428- 7267). 
The free Sams catalog also lists addresses of 
manufacturers and parts dealers. Even if an 
item isn't listed in the catalog, it pays to call 
Sams; they may have a schematic on file 
which they can copy for you. 

Manuals for older test equipment and 
ham radio gear are available from Hi 

Manuals, PO Box 802, Council Bluffs, IA 
51502, and Manuals Plus, 130 N. Cutler Dr., 

N. Salt Lake, UT 84054. 

Replacement semiconductors: Replace- 
ment transistors, ICs, and other semicon- 
ductors, marketed by Philips ECG, NTE, 
and Thomson (SK), are available through 
most parts dealers (including RadioShack 
on special order). The ECG, NTE, and SK 
lines contain a few hundred parts that sub- 
stitute for many thousands of others; a 
directory (supplied as a large book and on 
diskette) tells you which one to use. NTE 
numbers usually match ECG; SK numbers 
are different. 

Remember that the "2S" in a Japanese 
type number is usually omitted; a transistor 
marked D945 is actually a 2SD945. 

Hamfests (swap meets) and local orga- 
nizations: These can be located by writing 
to the American Radio Relay League, 
Newington, CT 06111; (www.arrl.org). A 
hamfest is an excellent place to pick up 
used test equipment, older parts, and other 
items at bargain prices, as well as to meet 
your fellow electronics enthusiasts -both 
amateur and professional. 

cle -they are only allowed to have flash- 
ing blue lights. I don't know what the 
Mississippi laws say on this subject, but 
you'd better check first. In Paragould, 
Arkansas, I did see a volunteer firefight- 
er's personal vehicle with wig -wag lights. 

As another warning, note that for 
safety reasons I don't particularly like 

messing around with a vehicle's lights. In 
this case, we're just modifying the high 
beams, and the low beams will be unaf- 
fected. All that aside, it sounds like a 

great project! 
Back in the July 1996 issue of 

Popular Electronics, Anthony Caristi 
had an article titled "Add Daytime 
Running Lights To Your Car." I used his 

HEXFET output circuit for driving the 
headlights. That way, normal headlight 
operation will override the wig -wag. I 

know that there has to be many ways to 
implement this circuit, and I'd love for 
readers to submit some of their proven 
ideas for such a circuit. 

I wrestled with a couple of different 
ideas and settled on the one shown in 

Fig. 4. A 555 timer drives a Johnson 
counter and enables the NAND gates. 
The counter sets up which lights will 

flash, while the NAND gates determine 
when they will flash. The gates then 
drive the gates of a pair of MOSFETs, 
each controlling a headlamp. 

You'll have to break the connection 
from the original wire going to the high - 
beam switch so that you can install D3 
and D4 to isolate the left and right head- 
lamps from each other while D1 and D2 

isolate the MOSFETs from the head- 
lamps when the circuit is off. Those are 
7.5 -amp Schottky (aka hot carrier) recti- 
fiers to minimize voltage drops to the 
headlights and are available from 
Newark or Allied Electronics. You can 
use regular silicon rectifiers in their 
place with a correspondingly higher 
voltage drop. Just make sure that they're 
rated for the headlamp current. 
Capacitors C2 and C3 are placed across 
the supply and pins of IC2 and IC3, 
respectively. 

I used open -collector NAND gates so 

that I could combine their outputs and 
change the logic level to a +12 -volt 
HIGH for driving the MOSFETs. This 
is a good example of the use of open -col- 
lector logic discussed in previous 
columns. Note that I used a 74LS01 
since that's what I had on hand and that 
it has an "odd" pinout. A 74LS03 will 
work just as well, but be aware that its 
connections are different, with the same 45 
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Fig. 4. This "Wig -Wag" circuit will alternately flash the high -beam headlamps of an emergency 
vehicle while still retaining normal low- and high -beam operation of the lights. 

pinout as a standard 74LS00 quad NAND 
gate. Because of needing that single 
TTL chip, I added a 78L05 regulator to 
derive +5 volts for all the ICs. 

In operation, the circuit will work 
with the headlights on or off. If you have 
the high beams on, the wig -wag will be 
overridden, which is not a bad thing. 
The power switch turns off the logic but 
not the +12 volts being fed to the pull - 
up resistors on the NAND gates. This 
way, when the wig -wag circuit is off, 
those NAND outputs will be pulled 
HIGH, keeping the MOSFETs off. 

Working Without A Map 
QHow do I approach troubleshooting when 
I have a piece of equipment in front of me 

with no documentation and no chance ofget- 
ting any? I can make reasonably accurate 
checks on most components, but is this my 
only option- randomly checking parts? Your 

46 advice is welcome. -R. W, via e-mail 

A While you're working on the equip- 
ment without documentation, keep a 

line in the water by haunting several of 
the Internet forums where you might be 
able to find help in that area. Specialty 
forums for specific brands (Heathkit, 
Knight -Kit, Tektronix) or for specific 
types (antique radios, communications, 
amateur radio) can be of great assistance 
in finding obscure schematics and manuals. 

I hate being in the situation of not 
having documentation, and the more 
complex the equipment, the worse it is. 
Assuming that it is impossible to get any 
documentation, you'll be left just a few 
avenues for repair. An experienced TV 
repairman can often work on a television 
with no documentation simply because 
he or she has a tremendous knowledge 
base of typical problems and likely cul- 
prits. Finding things like the horizontal 
or vertical output transistors and other 
common parts is easy, and 90% of the 
repairs may be obvious. If it's a nasty 

problem in another area, the lack of does 
may bring progress to a screeching halt. 

The random checking of parts can be 
a waste of time since 99.978% of the 
parts are likely not prone to catastroph- 
ic failure. You need to zero in on likely 
failures. Fuses, filter capacitors, power 
transistors, cables that are routinely 
flexed and other parts that take a heavier 
beating ought to be checked first. If you 
have a stereo amplifier that has no out- 
put on the left channel only, don't mess 
with the right channel or parts that are 
shared by both channels, such as most of 
the power supply. Concentrate on the 
left -channel components. Watch out for 
obvious problems: missing jumpers, 
unplugged power cords, mis -set switch- 
es and controls, unconnected or broken 
wires, missing parts, broken parts, 
cracked circuit boards, loose compo- 
nents and other mechanical problems. 
Larger components, especially those 
that are not otherwise mounted to the 
chassis or circuit board, are prone to 
cracked solder joints that need to be 
carefully checked. 

The nice thing about a stereo ampli- 
fier is that you have an identical twin 
nearby to compare things with, so at 
least you can look for suspect voltage 
changes. 

There are some things that you can 
take a stab at. Sometimes checking supply 
voltages is easy, especially if marked in the 
equipment. Smoldering resistors indicate 
a problem, but don't forget that burned 
resistors and blown fuses are usually sec- 
ondary failures caused by something more 
radical such as a shorted transistor. You're 
limited by the human senses on this one. 
Whatever you see that's not right, a smell 
that's not pleasant, or something that's too 
hot, is a potential problem, but may only 
be the surface of something deeper. Don't 
forget that the human probes are some- 
what conductive -keep your fingers away 
from dangerous line and power supply 
voltages. 

If working on older equipment, you 
can sometimes fall back on the fact that 
there are lots of similar models out 
there. For instance, one vacuum -tube 
voltmeter was pretty much like another 
as far as the general circuitry and tube 
complement were concerned. Radios 
were very similar. Sometimes the 
schematic for one old radio would be 
close enough to get an idea of the 
schematic of another. 

If the item is simple enough, I've been 
known to reverse -engineer a schematic. 



About the most complex thing I've done 
this with is a digital "Jeopardy" game con- 
troller whose manufacturer refused to 
supply does. After working through ten 
chips and a bottle of ibuprofen, I final 

had a working schematic that I used for 

several years to repair a dozen of those lit- 
tle boxes. You have to determine your 
own level of patience for this route. 

Finally, don't let your pride get in the 
way. Find someone who's experienced in 

this sort of thing to give you some point- 
ers and help you over rough spots. You 

can both learn from the experience. 

Help On The Way 
Reader Barry McMahon contacted me, 
offering to copy his marine transceiver 
manual to satisfy a reader request in the 
January 2002 column. Thanks, Barry, 

for your kind response! 

Aaron Colson Taylor 

Is Here! 
A couple of the days that I normally spend 
right before deadline, cleaning up the col- 

umn copy, were wonderfully taken from 
me as I attended the birth of our first 

grandchild on January 14t. There is no 
doubt in my mind that the cute little tyke 

will take an instant liking to electronics as a 

hobby. Unfortunately, by the time he's 

really into it, the technology will probably 
have changed so much (or I'll have gotten 
so senile) that I'll look at his projects with 
the same unknowing wonder and amaze- 
ment that my grandmother showed mine. 
Besides playing with the little guy, all I 

want to do is take apart the little stuffed 
dog he has that says, "Weeeee!," "Oh -oh!," 
or laughs whenever he's jostled. 

Writing to Q &A 
As always, we welcome your questions. 

Please be sure to include: 
(1) plenty of background material, 
(2) your full name and address on the 

letter (not just the envelope), 
(3) and a complete diagram, if asking 

about a circuit; and 
(4) type your letter or write neatly. 

Send questions to Q &A, Poptronics, 
275 -G Marcus Blvd., Hauppauge, NY 
11788 or to q&a @gernsback.com, but do not 
expect an immediate reply in these pages 
(because of our backlog). We regret that we 

cannot give personal replies. Please no 
graphics files larger than 100K Q 

HARMONY 
A PARTNERSHIP WITH A HEALTHY LAND 

The earth has always provided food, water, and all 
that we need. Today, as in the past, American Indians 
recognize the importance of keeping the 
earth healthy. Give back to the earth. 
Call for your free action packet. 

1- 800 - THE -SOIL 
United States Department of Agriculture 
Natural Resources Conservation Service 

Plant Trees For America 

From Not -Worki 
to Networking! 
Troubleshooting 
Local -Area Networks! 

Now, complete for the first 
time in one detailed booklet! 

Gain a fuller knowledge of network 
fundamentals and how they 
developed from the early days of 
main frames, from XNS to Ethernet 
technology, the OSI stack for 
interconnecting different computers, 
basic and specialized test instruments, etc. Several 
tough LAN case histories brings you from theory to 
the practical side of troubleshooting. 

CLAGGK Inc., Reprint Bookstore 
P.O. Box 12162, Hauppauge NY 11788 

Please rush my copy of "From Not -Working to Networking." I enclosed 

payment of $4.99 which includes shipping charges. U.S. -First Class, 

Canada and Overseas -Surface Mail. 

Name 

Address 

City State 

All Payments must be in U.S. funds. Send check or money order payable to 

CLAGGK Inc. -do not send cash or stamps. New York State residents add 

applicable sales tax. Allow 6 to 8 weeks for delivery RBS02 
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HANDS -ON- REPORT SOURCE INFORMATION 
(continued from page 16) 

Weighing slightly less than seven pounds, KDS' 
Valiant 6000G is a very affordable three -spindle 
notebook. 

then the Jetbook's built -in Smart- 
Media slot might be enough to sell 
you on the product. 

KDS Valiant 6000G 
KDS used to make inexpensive 

peripherals, monitors in particular. 
KDS still makes inexpensive periph- 
erals, but the quality is now right up 
there. The new Valiant 6000G note- 
book is one of only two three -spin- 
dle units examined here. Finished in 
silver and navy blue, the Valiant 
weighs slightly less than 7 pounds. 

Though the Valiant 6000G does 
not offer many frills such as FireWire 
or a wireless NIC, its quality is good 
and its price is the lowest in the 

Toshiba's TECRA 9000 is the lightest notebook 
covered here, just over five pounds. Both integrat- 
ed 802.116 wireless networking and support for 
Bluetooth wireless technology are featured 

Compaq Evo N180 Notebook 
Price: $ 1999 (street) 
Warranty: 1 year 
800 -345 -1518 
www. compaq. corn 

Fujitsu LifeBook E Series 
Price: $2649 (street) 
Warranty: 3 years 
408 -982 -9500 or 877 -372 -3473 
www. fujitsupc. corn 

Hewlett- Packard Omnibook 6100 
Price: $2500 (street) 
Warranty: 3 years 
970 -635 -1000 or 800 -752 -900 
www. hp. corn 

Jetta Jetbook 9200 
Price: $ 1980 (street) 
Warranty: 1 year 
732 -329 -9651 or 800 -445 -3882 
www. jetta. corn 

KDS Valiant 6000 
Price: $ 1499 (street) 
Warranty: 1 year, parts and labor 
713 -379 -5599 or 800 -237 -9988 
www. kdsusa. corn 

Toshiba Tecra 9000 
Price: $2900 (street) 
Warranty: 3 years 
949 -583 -3000 or 800- 867 -4422 
www. csd. toshiba. corn 

roundup. That alone may be its 
best selling point. 

Toshiba Tecra 9000 
Toshiba Tecra 9000 is housed in a 

black and silver enclosure, with 
some parts made of plastic and 
other parts made of metal alloys. 
Toshiba notebooks have always 
sported unusual mouse buttons. 
You become accustomed to the 
buttons with regular use, but they 
are awkward if you use the note- 
book only once in a while. Also, the 
pointing stick works best if the 
motion is slowed down a bit. The 
front corners of the notebook 
should be more rounded, as they 
dig into your hand when grasping 
the unit. 

The Tecra 9000 is the lightest 
notebook in the group, weighing 
just over 5 pounds. It's also the only 
notebook tested that includes both 

integrated 802.11b wireless net- 
working and support for Bluetooth 
wireless technology. Bluetooth is 

becoming a popular way to link 
peripherals, such as printers and 
scanners that support Bluetooth. 

Marc Spiwac is the Technical 
Editor of CRN. P 

THE COLLECTED WORKS OF 

MOHAMMED ULLYSES FIPS 

#166 -By Hugo Gernsback. 
Here is a collection of 21 April 
Fools Articles, reprinted from 
the pages of the magazines 
they appeared in, as a 74- 
page, 8% x 11 -inch book. The 
stories were written between 
1933 and 1964. Some of the 
devices actually exist today. 
Others are just around the comer. All are fun and 
almost possible. Stories include the Cordless 
Radio Iron, The Visi- Talkie, Electronic Razor, 30- 
Day LP Record, Teleyeglasses and even Elec- 
tronic Brain Servicing. Get your copy today. Ask 
for book #166 and include $9.99 (includes ship. 
ping and handling) in the US (First Class), Cana- 
da and Overseas (surface mail), and order from 
CLAGGK Inc., P.O. Box 12162, Hauppauge, 
NY 11788. Payment in US funds by US bank 
check or International Money Order. Allow 6 -8 
weeks for delivery. MA05 

ELECTRONIC 
SECURITY DEVICES 

A great book for project 
builders. It is quite common to 
associate the term `Security 
Devices' with burglar alarms of 
various types. However in fact it 

can refer to any piece of equip- 
ment that helps to protect peo- 
ple or property. The text is divid- 
ed into three basic sections: 
Chapter 1 covers switch- activat- 
ed burglar alarms and includes 
exit and entry delays. Chapter 2 
discusses other types of burglar 
alarms and includes Infra -Red, Ultrasonic and Doppler - 
Shift Systems. Chapter 3 covers other types of security 
devices such as Smoke and Gas Detectors: Water, 
Temperature and Baby Alarms: Doorphones, etc. Most 
circuits are simple, and stripboard layouts are provided. 

To order Book BP56 and send $5.99 includes shipping 
and handling in the U.S. and Canada only to 
Electronics Technology Today Inc., P.O. Box 240, 
Massapequa Park. NY 11762 -0240. Payment in U.S. 
funds by U.S. Bank check or International Money Order. 
Please allow 6 -8 weeks for delivery. ET09 

9 out of 10 mice 
prefer the Consumer 
Information Catalog 
online. Catch it at 

www.pueblo.gsa.gov. 

U.S. General 
Services 

Administration 



PEAK MHO 
TED NEEDLEMAN 

SOUNd CARdS: 

THE NEXT GENERATION 

'f you stop to think about it, different 
type of peripherals and PC subsys- 

tems get refreshed at different inter- 
vals. Processor speed gets bumped up 

every couple of months, though CPIJ 
design proceeds at a much slower 
rate. The same thing is true about hard 
disks. We'll be looking at some of the 
newest hard drive offerings in a later 
column. Aside from drive capacity, 
which continues to improve, actual 
changes in technology such as the 
ATA interface come very slowly. 

That's not true about some subsys- 
tems, however. For example, video - 
controller technology is one of the 
most frequently changing areas in the 
industry. With many users still running 
on video cards from vendors that have 
gone out of business, such as Diamond 
or 3Dfx, nVidia has introduced the 

GeForce, GeForce2, GeForce3, and 
Titanium versions of the GeForce2 and 
GeForce3, all in the past two years. As 
this is being written, the vendor has 

again upped the ante with the intro- 
duction of the GeForce4. 

Sound cards fall somewhere in the 

middle of the upgrade cycle. As long 

as users are happy with the way their 
PC sounds, they don't generally both- 
er with an audio upgrade. If they do 
upgrade, the part of the audio subsys- 
tem that's most likely to be upgraded 
are the speakers, not the sound card. 

NEW AND IMPROVED 
There are exceptions to this, howev- 

er. When a new generation of audio 
technology becomes available, if's 

time to consider whether or not you 
should embrace it. That's the case 
right now, with the introduction of the 

There are two Audigy models with extensive 

patch hays. The Audigy Platinum has an inter- 
nally mounted patch bay that fits into an empty 

drive bay. The Audigy Platinum EX has the 

patch hays contained in an external box that's 

attached to the card. 

Audigy and Extigy products from 
Creative Labs. 

Both of these product lines are 
based on the same new core chipset. 
Creative calls this the Audigy, and it 

has a number of improvements over 
the EMU10K1 chipset used in the 
Sound Blaster Live! models. The 
Sound Blaster Live! will continue to be 

sold for the immediate future. 
The most important of these chipset 

features is the bandwidth and sam- 
pling rate. The new chipset uses 24 -bit 
DACs (digital -to- analog converters) 
and runs at 96 kHz. This gives the 

Audigy /Extigy chipset a claimed four - 
time increase in processing power 
verses the older EMU chipset used in 

the previous generation of Sound 
Blaster models. In turn, Creative uses 
this additional processing power to 

mailto: peakcomputing@gernsback.com 

implement its EAX Advanced HD tech- 
nology. EAX is Creative Labs' own 

audio technology, which is used to 

clean up the signal as well as produce 
effects such as tailoring the playback 
to a virtual environment. With EAX 

Advanced HD, you can specify the 
playback "venue," such as a concert 
hall; and the processor will modify the 
acoustics to fit. EAX Advanced HD 

also lets you vary the speed of audio 
playback while maintaining accurate 
pitch. 

The new chipset also provides a 

SNR (signal -to -noise ratio) of 100. 

That's considerably better than most 
audio cards in the consumer price 
range. The improved SNR is important 
when you listen to music with a wide 
dynamic range, as it allows you to 

keep the volume cranked up without 
being subjected to background noise 

such as a hiss. 
The Audigy line currently has four 

models. Two of them, the Audigy Gamer 
and the Audigy MP3 +, are identical 

except for the software collection each 
boasts. Each of these models is an inter- 

nal card with a second bracket that con- 
tains the MIDI /game port. This means 
that the Audigy takes up two slots, rather 

than the single slot the previous 
Creative Labs cards required. This is 

necessary because the card now pro- 

vides an IEEE 1394 Firewire port, called 

an SB1394 port, where the MIDI port 
connector used to be located. Both of 

these cards list at about $100 
There are also two Audigy models 

with extensive patch bays. The Audigy 
Platinum costs just under $200 and 
has an internally mounted patch bay 
that fits into an empty drive bay. The 49 



The external sound card, called Extigy, attaches to 
Atcdigv chipset and provides the sanie EAX Advane 
1394 part, und un extensive set of connectors. 

a PC or laptop via a USB cable. lt, too, uses th 

$249 Audigy Platinum EX has the patch 
bays contained in an external box that's 
attached to the card. This box can be 
placed on the top of the PC or in any 
other place you find convenient. 

The external sound card, called 
Extigy, attaches to a PC or laptop via a 
USB cable. It, too, uses the Audigy 
chipset and provides the same EAX 
Advanced HD effects and processing, 
low SNR, IEEE -1394 port, and an 
extensive set of connectors. 

In fact, all three of these models 
(Platinum, Platinum EX, and Extigy) 
have I/O connectors for 5.1 Dolby Digital 
output, optical connectors, MIDI in and 
out connectors, IEEE -1394 connector, 
and connectors for a headset and micro- 
phone. Volume controls are provided, as 
is an infrared remote control. 

SOURCE INFORMATION 

Creative Labs 
www.creative.com 

IS THAT A YES, OR A NO? 
It's really easy for an editor or review- 

er to get excited about a product, no 
matter how expensive it might be. 
Vendors are very generous in providing 
equipment for review. As I've said before 
in this column, the bottom line for me is 
whether the product I'm looking at is 
compelling enough for me to spend my 
own money on it. Given that constraint, 
would I upgrade to one of the new 
Creative Labs sound offerings? 

Unfortunately, the answer in this 
case isn't an unqualified one. After 
testing the Audigy Platinum EX and 
Extigy on a high -end Pentium 4 sys- 
tem, I probably would upgrade to an 
Audigy with the PCs that currently 
have one of the premium speaker sys- 
tems attached. The Klipsch ProMedia 
5.1s, Logitech Z -560s, and Altec 

50 Lansing 641s all have the output 

e 

ed HD effects and processing. lour SNR, IEEE 

power and frequency response to ben 
efit from the SNR and dynamic head 
room that the Audigy provides. Most o 
the speakers attached to the othe 
PCs on the network don't have thi 
kind of response or capability. O 
those systems, the current soup 
cards, including a Sound Blaster Live! 
Hercules Game Theater XP an 
Fortissimo Il (and even embedde 
motherboard audio), are all sufficien 
and wouldn't be upgraded. 

On the other hand, if all I had was a 
aptop, I would definitely consider the 
Extigy and a good set of 4.1 or 5.1 
speakers. The Extigy is, at least for the 
moment, absolutely the best offering 
or getting truly excellent sound from a 
aptop. 

Finally, musicians who use their PC 
for recording and arranging may want 
o consider either Creative Labs' offer - 
ng for upgrading their systems. The 
array of patch options in the Audigy's 
extended patch bay and box or the 
Extigy's front and rear panels provide 
much greater functionality than that 
ffered by the previous generations of 
oundcards. 

For most other users, only the most 
emanding audiophiles will find the 
ewest Creative Labs' offerings a corn - 
elling upgrade -at least for the 

moment. As prices drop, that 
hange, as it does with other 
pgrades. 
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AIR FORCE 
RESERVE 

ABOVE & BEYOND 

Visit our web site at 
www.afreserve.com 

VER 
Ero%% Referenre 

NOW Find the right Part 
for your VCR 

With the 
ISLET VCR 

CROSS REFERENCE 
This 172 -page reference contains 
both model and part- number cross - 
references updated as of Feb, 1997. 

VCR's are made in a few factories 
from which hundreds of different 
brand names and model numbers 
identify cosmetically- changed iden- 
tical and near -identical manufactured 
units. Interchangeable parts are very 
common. An exact replacement part 
may be available only a few minutes 
away from you even though the 
manufacturer supplier is out -of- stock. 
You may be able to cannibalize scrap 
units at no cost! 

The ISCET VCR Cross Reference 
is pre -punched for standard loose - 
leaf binding...$29.95 includes ship- 
ping in the United States for each 
Reference. 

Claggk Inc. 
VCR CROSS REFERENCE OFFER 
P.O. BOX 12162 
HAUPPAUGE, NY 11778 
Name 

Business 

Address 

City 

State Zip 

Phone 

Endose $29.95 for the Eighth Edition of the ISCET 
VCR Cross Reference including shipping for each 
Reference in the United States. All other countries 
add $5.00 (surface mail). 
The total amount of my order is S 
Check enclosed -do not send cash. 
or please charge my credit card. 

Visa MasterCard Exp. Date / / 
Card Na 
Sigatture 
New Yods State rte must add applicable bol 

I sake tax to total. US funds only. Use US bank check 

Lorloternsdaml 
Money Order. C8O2J 



SURVEYING THE 

DIGITAL ,. 
REID GOLDSBOROUGH 

mailto: digitaldomain@gernsback.com 

OVERCOMiNcI FEAR OF PCs 
Are you afraid of computers? Do 
you know someone who is? If 

you've grown up with personal corn - 
puters or been around them for any 
length of time, you probably take them 
for granted. After all, PCs have 
become nearly as commonplace as 
dishwashers. 

According to the U.S. Census 
Bureau's latest statistics, more than 
half of U.S. homes now have at least 
one PC; and 90 percent of school -age 
children have regular access to PCs, 

two -thirds from their homes. Despite 
the statistics, there's still a lot of fear 
and loathing about these machines. As 
many as 85 percent of us have at least 
some level of discomfort around tech- 
nology, including PCs, says Larry 
Rosen, co- author of the book Techno- 
Stress: Coping with Technology @Work 
@Home @Play, who has a Web site at 
www.technostress.com. 

In work settings, two- thirds are "hesi- 
tant" about technology, says Rosen, a 
psychology professor at California State 
University, Dominguez Hills. Fully 80 per- 

cent, according to Rosen's studies, feel 

that workplace technology has brought 
additional stresses to their lives. 

DEALING WITH 
TECHNOSTRESS 

Although the design of PC hardware 
and software has improved over the 
years, there's still room for more intelli- 
gent simplicity here. In the meantime, 
what steps can you take to overcome 
"computerphobia ?" 

Rosen, who prefers the broader term 
"technostress" over the more common 
terms "technophobia" or "computerpho- 
bia," says the first step is to understand 
that "essentially everybody is feeling 
stressed out by technology," as borne 
out by his research. "You are not alone in 

your fears;' he says. 
Second, "Technology is frustrating," 
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PCsync from Laplink, at www.laplink.com, comes with both a serial and USB cable. It supports 45 

different programs and costs about $75. 

he says. Whether you're dealing with 
less complex technologies such as 
cellular phones, pagers, or voice mail 

or more complex technologies such as 
computers, e-mail, or the Internet, it's 

inevitable for it not always to work the 
way you want. 

Don't make the complex more com- 
plex than it already is, says Rosen. "Just 

because technology can do many things 
at the same time, this doesn't mean you 

have toy' Rosen has a name for this too: 
"multitasking madness." By doing too 
many tasks at once, you don't pay 

enough attention to any one task. Much 
here has to do with how time has 
become compressed in our increasingly 
frenzied lives. 

"Time is indelibly stamped on our 
routines," says Rosen. 'This gives us 

an impossible yardstick to measure 
ourselves against. We find ourselves 
getting impatient for a fax to go 

through, which might take 30 seconds, 
or for computer to boot, which may 
take one minute." 

THE POWER OF LEARNING 
The irony here is that personal com- 

puters, while enabling us to get things 
done faster, also increase the expecta- 
tion for speed. Such expectations can 
add pressure to an already pressure - 
filled situation and drive your anxiety 
level through the roof. 

To overcome any anxiety, seek out 
help wherever you can, says Rosen, 

including your family. It may be a cliché 
in the information age that kids are 
computer mavens, but it's often true. 
This shifts power away from parents 
and toward children. 

As a parent, turn this upended 
power structure in your family to your 
advantage. "Make it a positive, a way 
for you to be proud of your children's 51 
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knowledge and for them to teach you 
what they know," says Rosen. If they 
know how to search the Net, for 
instance, let them show you. Do it as a 
family." 

In a work setting, help is crucial as 
well. You shouldn't be on your own 
here, though too often people are. A 
sixth of the workers Rosen surveyed 
received no computer training at all, 
while only one -third said they received 
excellent or very good training. Not 
surprisingly, people who receive good 
computer training have less computer 
stress. Rosen's work indicates that 
those business people who had "excel- 
lent to good" training had more positive 
reactions to technology. Those who 
received "fair to terrible" training had 
more negative reactions. 

If you feel your training has been 
inadequate, find someone in your 
organization who knows the technolo- 
gy and who can speak about it in a 
down -to -earth fashion, recommends 
Rosen. Ask the person to show you 
one or two things the technology does. 
Then spend some time doing that. 
Don't worry about making mistakes. "If 
you get stuck, call your friend," says 
Rosen. "When you want to learn more, 
call your friend." 

As Ralph Waldo Emerson once 
wrote, "Fear always springs from igno- 
rance." Knowledge is a great antidote 
to fear. Once you know, you're no 

52 longer afraid. 

JUST WHEN YOU THOUGHT 
YOU WERE SAFE... 

Once you are finally in your comput- 
er comfort zone, guess what? Don't 
get too comfortable! The only constant 
with computer technology is change. 
No matter how at ease you are with 
your current PC, at some point you'll 
need to move on to a new one. 

Perhaps you want to use programs 

POINT AND CLICK 

Aloha Bob 
wwwalohabob.com 

Altiris 
www.altiris.corn 

Belkin 
www.belkin.com 

Detto Technologies 
www. detto. corn 

Freebyte 
www.freebyte.com 

Laplink 
www.laplink.com 

Larry Rosen 
www. technostress. com 

USB-Shop 
www. usb-shop. corn 

Xdrive 
www.xdrive.com 

that won't run on your old PC. Perhaps 
you've run out of hard disk space and 
memory. You can upgrade or replace 
these components, but with a comput- 
er more than three or four years old, 
it's often better to buy a new system. 
"Migrating" to a new PC can range 
from hellish to exhilarating, depending 
largely on how well you prepare, 
whether you're dealing with one PC or 
several hundred. 

First, check if you can use your old 
programs and hardware peripherals with 
any new computer you're considering. 
One key is the new computer's operating 
system. Check the Web site of the oper- 
ating system vendor. Microsoft, for 
instance, lets you search the "Windows 
Catalog" to see if programs and peripher- 
als are compatible with its new Windows 
XP operating system. You can also check 
the Web sites of the software and periph- 
eral vendors. 

If a program or peripheral is incompat- 
ible, all is not lost. Though it will cost you, 
upgrading a program usually brings 
added benefits. With peripherals, some- 
times you can overcome compatibility 
obstacles. In upgrading recently to a new 
HP Pavilion 2.0 gigahertz machine, I 

knew that my versatile 10- year -old Maxi 
Switch keyboard wouldn't work with it. It 

has an old keyboard -style plug, which I 

had been using on a newer computer 
with the help of a PS /2 adapter. So I 

bought a second adapter to let me plug 
the PS /2 adapter into the USB port of my 
brand new computer. 

Belkin Components of Compton, 
CA, at www.belkin.com, sells a lot of 
adapters like this. You may be able to 
buy a Belkin adapter less expensively, 
as I did, from a third -party vendor such 
USB -Shop.com, at www.usb- shop.com. 

FROM OLD TO NEW 
Next, plan how you'll be transferring 

your data from the old system to the 
new one. You have many options. 
The simplest options, collectively 
dubbed "sneaker net," involve copying 
files onto floppy or Zip disks, Jazz 
portable hard disks, backup tapes, or 
writable CD or DVD discs, and then 
walking them from one PC to the next. 
With floppy disks, no single file can be 
larger than the 1.44- megabyte capaci- 
ty of the disks unless you use a pro- 
gram to split up larger files into smaller 
pieces, such as Freebyte's free HJ- 
Split, at www.freebyte.com. The floppy 
route though is too slow unless you're 



moving only a few files. 
With Zip and Jazz disks and backup 

tapes, both the old and new computer 
must be equipped with the same technol- 
ogy. With writable CD or DVD discs, the 

old computer must have a writable optical 
drive. Another option, if you're comfort- 
able working inside a computer's case, is 

to remove the hard drive from the old PC 

and temporarily install it on the new PC. 

The new PC, though, has to use the 

same hard drive technology. 
A third option is to transfer the files 

through the Internet using your Web 

space at your Internet service provider or 
an online storage service such as Xdrive, 
at www.xdrive.com. This method is slow, 

though, unless you have a cable, DSL, or 
other broadband connection. 

One more option is to connect the 
two computers directly using a parallel, 
serial, USB, or network cable. Windows 
can help here. In Windows XP, the 
Files and Settings Transfer Wizard can 
transfer files and Microsoft Office set- 
tings, saving you time if you've cus- 
tomized these programs. You'll have to 
buy the appropriate cable unless you 
have an extra one around. 

Third -party "system migration utili- 
ties" can do more, though you'll pay for 
the convenience. PCsync from Laplink, 
at www.laplink.com, comes with both a 

serial and USB cable. It supports 5 
different programs and costs about 
$75. IntelliMoverfrom Detto Technologies, 

at www.detto. corn, supports 47 pro- 
grams and costs less, about $40 for the 
parallel -cable version and $45 for the 
USB -cable version. 

Aloha Bob PC Relocator from 
Eisenworld, at www.alohabob.com, 
costs about $40, comes with a parallel 
cable, and transfers entire programs. 
Unless you no longer have the installa- 
tion discs, however, you're usually bet- 
ter off with fresh installations. All three 
programs are appropriate for home 
users as well as small businesses. 

If you're responsible for migrating 
many computers, an industrial -strength 
tool, such as the well- regarded PC 
Transplant Pro from Altiris, at www. 
altiris.com, can automate the process. 
A 100 -node license runs about $2000, 
with other license options available. 

Reid Goldsborough is a syndicated 
columnist and author of the book 
Straight Talk About the information 
Superhighway. He can be reached at 
reidgold @netaxs.com or http: / /mem 
bers.home.net/reidgold 

Books that Bridge 
Theory & Practice 

Many electronics enthusiasts discovered that the bridge from class - 

room theory books to hands -on project building is difficult to span 

at times without a handy pocket guide. Even the equipment manual to 

operate a gadget often makes things murkier rather than clearer. A com- 

pact text authored by a seasoned expert with hands -on knowledge and a 

knack of writing in an easy -to- understand style is many times more valu- 

able than the price of ponderous theory and equipment manuals or the 

parts for a project that could be damaged. Here's a sampler of some titles 
you may want to own! 

ELECTRONIC HOBBYIST DATA BOOK -The info you need to transport you 
from the schematic diagram to project parts. Pin -outs. color codes, truth tables, 
parts parameters, etc. Order BP396- $10.99 Includes S & H 

PRACTICAL INTRODUCTION TO SURFACE MOUNT DEVICES -A technolo- 
gy that spun off the automated assembly line into the grasp of experimenters 
and project builders. Order BP411- $9.99 Includes S & H 

THE PRE -COMPUTER BOOK -Aimed at the absolute beginner with little or 
no knowledge of computing. A non- technical discussion of computer bits and 
pieces and programming. Order BP115- $2.99 Plus $2.00 S & H 

PRACTICAL OSCILLATOR CIRCUITS -If your budding project requires an 

oscillator, you can design it and build it from the many types described here in 

a hobbyist -friendly style. Order BP393- $9.99 Includes S & H 

PRACTICAL PIC MICROCONTROLLER PROJECTS -This book covers a 

wide range of PIC based projects. In most cases the circuits are very simple and 
they are easily constructed. Order BP444- $7.99 Includes S & H 

P. Electronic 
Hobbyists 
Data Book 
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Introduction to 
Surface Mount 
Devices 

mm,.re«u l 
mil Mop.,,. 

BP411 

The Pre- computer 
Book 

BP115 

No. Practical 
Oscillator 
Circuits 

BP393 

Electronics Technology Today Inc. 
P.O. Box 240 
Massapequa, NY 11762 -0240 

Please send me the following book(s) that I checked: 

BP396 - Electronic Hobbyist Data Book -$10.99 
BP411 - Practical Introduction to Surface Mount Devices -$9.99 
BPI 15 - The Pre -Computer Book -$2.99 + $2.00 S & H 

BP393 - Practical Oscillator Circuits -$9.99 
Most above prices include shipping and handling 

Name /Company 
Address Apt. 

City State Zip 
Sorry, no orders accepted outside the USA and Canada. All paynents must be in US 

funds! NY state residents must include local sales tax. Allow 6 -8 weeks for delivery. 

Number of books ordered 

Amount enclosed $ 

ET05 
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SERVICE CLINIC.. 
nrailto: serviceclinic@gernsback.com 

Reaping Repair Resources 

This and next month's articles deal 
with ways of locating general elec- 

tronics and repair information, as well as 
problem- specific specifications, datasheets, 
manuals, and tech -tips. Since we first 
presented this set of topics several years 
ago, there have been two major trends 
that are worth noting -one good and 
one bad. 

First, the Internet, specifically the 
World Wide Web, has become THE 
preferred avenue for obtaining device 
datasheets and related information. 
While it may still be possible to order 
printed databooks, the convenience of 
typing in the part number to a search 
engine like Google and having its 
datasheet link appear almost instantly as 
one of the top three results cannot be 
overemphasized. This outcome applies 
to virtually any widely used commercial 
discrete semiconductor or IC. Unfortunately, 
those with house numbers and more 
specialized ICs found in consumer elec- 
tronics will probably not get the same 
results as easily. For those of you with- 
out Web access at home or work, 
libraries and other institutions are 
increasingly providing this service; and 
one can't hide from the future forever! 

Note that I have attempted to confirm 
that all Web sites in this article are still in 
existence as of the writing date. However, 
the World Wide Web has a fundamental 
time constant that is on the order of 1 to 2 

years. Thus, after several years, most links 
have decayed to below the background 
noise level of the Universe. 

Second, the number and types of 
equipment that can be effectively and 
economically repaired are dwindling. 
VCRs, CD and DVD players, cell 
phones, pagers, and much other newer 
equipment is simply not designed to be 
repaired by anyone but the authorized 
service company -or not at all. Much 
A/V equipment is constructed so cheap- 
ly that it's lucky to last the warranty peri- 
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Fig. 1. Here is a snapshot of the main Repair 
org/REPAIR /. 

together using surface -mount technolo- 
gy (SMT) and ICs that simply cannot be 
identified, so anything beyond an obvi- 
ous bad connection probably means it is 
junk. Absolutely NO service informa- 
tion is available in any form; and the 
manufacturer, assuming they can be 
identified, couldn't care less about helping. 

PCs have been this way for many 
years, where anything beyond swapping 
modules is probably a futile exercise. 
Well, guess what? Devices like digital 
set -top boxes, digital video recorders, 
video game consoles, and digital flat - 
screen TVs can be added to this list. 
Even worse, they don't use anything 
resembling standard modules like PCs 
still do to some extent. So, forget about 
achieving any significant success rate 
repairing this and similar equipment. 

The Sci- Electronics Repair 
(S.E.R) FAQ 

You may have noticed that the mater- 

Menu page from the Web site: www.repairfaq. 

ial for the "Service Clinic" articles looks 
very similar to contents of the S.E.R Faq 
Web site, www.repairfaq.org (and its mir- 
ror sites). This site features my latest 
and greatest "Notes on the Trouble- 
shooting and Repair of..." series of com- 
prehensive repair guides for consumer 
electronics equipment and other house- 
hold devices. There is also a great deal of 
other information of interest to the elec- 
tronics hobbyist, experimenter, techni- 
cian, engineer, and possibly even the 
dentist and poet. Included are the now 
quite comprehensive and massive "Sam's 
Laser FAQ," many new schematics, and 
links to over 1000 technology- related 
sites. In addition, there are a variety of 
documents from other sources on elec- 
tronics troubleshooting, repair, and 
other related topics. 

When dealing with anything more 
complex than a flashlight, the most 
important link on my repair page is the 
one to "Notes on Safety!" If you have 



easy Web access, one of the S.E.R FAQ 
sites should be your first stop. I try to 
maintain up -to -date links in the FAQs 
and my bookmark file (though this is 

often frustrating given the bit decay on 
the Net). Note that all S.E.R FAQ sites 
are totally non -commercial with no 
advertising or other fluff, and I do not 
benefit in any way from Web traffic. 
Come and take advantage of all the free 
information! 

On -Line Tech -Tip Databases 
A number of organizations have com- 

piled databases covering thousands of 
common problems with VCRs, TVs, 
computer monitors, and other electron- 
ic equipment. Most charge for their 
information but a few, accessible via the 
Internet, are either free or have a very 
minimal monthly or per -case fee. In 
other cases, a limited but still useful sub- 
set of the for -fee database is freely available. 

A tech -tips database is a collection of 
problems and solutions accumulated by 
the organization providing the informa- 
tion or from other sources based on 
actual repair experiences and case histo- 
ries. Since identical failures often occur 
at some point in a large percentage of a 

given model or product line, checking 
out a tech -tips database may quickly 
identify your problem and solution. 

In that case, you can greatly simplify 
your troubleshooting or at least confirm 
a diagnosis before ordering parts. My 
only reservation with respect to tech - 
tips databases in general -this has noth- 
ing to do with any one in particular -is 
that symptoms can sometimes be deceiv- 
ing and a solution that works in one 
instance may not apply to your specific 
problem. 

Therefore, an understanding of the 
hows and whys of the equipment along 
with some good old- fashioned testing is 

highly desirable to minimize the risk of 
replacing parts that turn out not to be bad. 

The other disadvantage -at least 
from one point of view -is that you do 
not learn much by just following a pro- 
cedure developed by others. There is no 
explanation of how the original diagno- 
sis was determined or what may have 
caused the failure in the first place. Nor 
is there likely to be any list of other 
components that may have been affected 
by overstress and may fail in the future. 
Replacing Q701 and C725 may get your 
equipment going again, but this will not 
help you to repair a different model in 
the future. 

One alternative to tech -tips databases 
is to search via Google Groups (http: // 
groups.google.com) for postings with key- 
words matching your model and prob- 
lem and the newsgroup sci.electronics. 

repair, as well. 
The people who compile tech -tips 

databases assume you know what you are 
doing, at least to the extent of taking 
appropriate precautions to minimize the 
possibility of bodily harm and equip- 
ment damage. Before going inside any 
piece of electronic equipment, make 
sure you understand and follow the 
guidelines. If you are at all unsure of 
your understanding of this safety info, 
take the equipment to a professional for 
repair or buy a new one. Your life is 

more valuable than the few dollars you 
might save by doing it yourself! 

Tech -Tip Web Sites 
This list used to be much longer. 

Many of the non -commercial sites have 
disappeared in the last year or so. 

Universal Sites. 
From this site, you should be able to 

download a fully operational version of a 

database with over 115,000 tips for TVs, 
VCRs, camcorders monitors, microwave 
ovens, audio equipment, and more. It 
will work for 14 days and can be pur- 
chased and registered during this time. 
There are versions for both Windows 
( WinSTIPS) and DOS (SVCTIPS). 

They also offer "ServiceTalk," an on- 
line discussion group for electronics 
repair professionals. This members -only 
forum has access to a subset of 
WinSTIPS (about 17,000 tips). 

www. ServiceSoftware. com /prod01. 
htm)- WinSTIPS and SVCTIPS 
Page from KDTV -Indiana Whole- 
sale Electronics. 

Another site also provides tech -tips for 
all sorts of equipment, but it's not very 
extensive. 

www.members.aol.com/bctsl/ttt.htm- 
Tech tips for technicians at the Bucks 
County Tech School Audio/Video 
Technology Web site. 

Sites for Computer Monitors, TVs, 
and VCRs. 

www .anatekcorp.com /techforum.htm- 
Anatekcorp Tech Forum (Free) 
www.repairworld.com /" >Repair 
World< /A> (about $8 /month) 

Sites For VCRs Only. 
These comprehensive tech -tips data- 

bases are currently free. 
www,fixercom /dbase -Fixer. Quite ex- 

tensive VCR repair instructions. 
www.vidcam.com.au- Vidcam. 
Australia, but has USA models as 
well. 

Site For TVs. 
This has quite a bit of info. Some may 

be free, but others require a relatively 
small charge (up to $25) or a monthly or 
other membership fee. However, this 
may include a personal reply from a 

technician experienced with your moni- 
tor, so it could be well worth it. 

www.shophelper.net -Shop Helper 

Sites For Monitors. 
www. members. tripod.com /- -ADCC/ 
tips.htm -ADCC. Tech -tips of the 
month and `ask a wizard' options. 
www.metrosites.com /amr /monitor_ 
repair tips.htm AMR Monitor Repair 
Tips. 
www.kmrtech.com -KMR Technical 
Services Tech Support. ($19.95 charge). 

Site For Microwave Ovens. 
In addition to a large database of spe- 

cific repairs, there is a great deal of use- 
ful information and links to other sites. 

www.gallawa.com /microtech- 
MicroTech Home Page. Everything 
you always wanted to know about 
microwave ovens. 

These types of sites seem to come and 
go, so it is worth checking them out 
from time to time even if you don't have 
a pressing need. If possible, download 
and archive any useful information for 
use on a rainy day. 

Some also include many useful links 
in addition to the tech -tips info, so are 
worth investigating even if you don't 
have a specific symptom to deal with! All 

the sites in this list were active as of the 
date this article was written. That's all 

I'll guarantee! 

Manuals And FCC Numbers 
Service manuals are still available for 

a great deal of consumer electronics. 
Once you have exhausted the obvious 
possibilities or mechanical problems, the 
cost may be well worth it. Depending on 
the type of equipment, these can range 
in price from $10 to $50 or more. Some 
are more useful than others. However, 
not all include the schematics so if you 
are hoping to repair an electronic prob- 
lem try to check before buying. 55 
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ADDITIONAL SOU RCES FOR SERVICE 
INFORMATION 

WEB SITES 

Bomarc Services (www.bomarc.org)- 
Reverse- engineered schematics. 

Consolidated Surplus 
(www.usimperio.com/consolidated)- 
Test equipment service, calibration, 
and manual sales and rentals. 

Cooke International 
(www. cooke -int. com) -Test 
equipment manuals. 

David DiGiacomo's Test Equipment 
Manuals Trading List 
(wwwspies.com/ dd/manuals.html)- 
Many popular models. 

Diverse Devices 
(homepages.tcp.co.uk/-diverse/man.htm) 
-(UK) Manuals for test equipment, 
consumer electronics, etc. 

Eagan Technical Services 
(www eagantech.com)- Reverse -engi- 
neered schematics. 

Electronix (wwwelectmnix.com)- 
Some TV, VCR, monitor schematics. 

Marty Gasman 
(www.tiac.net/users/mgasman)-- 
Many audio service manuals. 

Harman Kardon Service Manuals 
(manuals.harman.com/hk/Service%20 
Manual) -Complete service manuals 
for most models. 

Infotronix (www.infotronix.net)- 
Hard -to-find and out -of -print manuals, 
schematics, and other information. 

K4XL's Boat Anchor Manual Archive 
(bama.sbc.edu) -Tube equipment 
manuals. 

Manual Merchant 
(manualmerchant.com) -Test equip- 
ment manuals. 

Manufacturer's Service Manuals 
( www. acadia .net /michelle/manuals.htm) 

Mauritron Technical Services (dial 
space.diaLpipex.com/mauritron)- 
(UK) Manuals, publications, CD- 
ROMs. 

Raymond Sarrio Co. 
(www.sarrio.com/sarrio/rsfinal2.html) 
-Amateur radio equipment manuals. 

SBC Manual and Schematics 
-(ftp://bama.sbc.edu/downloads). 

AND MANUALS 

Treasure Chest Corporation 
(www. treasurechestcorp. com )- 
Owner's and service manuals for 
many brands. 

Triplanetary Diagrams (www triplane 
tary.freeserve.co.uk/diagrams). 

W7FG Vintage Manuals 
(www.w7fg.com)- Manuals for ham 
radio and test equipment. 

Wizards Electronic Repair Center 
(jc.kan.net /30.htm) Over 85,000 
manuals. 

OTHER SOURCES 

Mark Hughes (E -mail: 
MarkHugh @aol.com)- Copies of 
vintage manuals, schematics, and 
catalogs. 

William E. Miller 
(eagle @trader.com) -Used Sams' TV 
Repair Manuals. 

Ed Mosher, 921 Wisconsin Ave., St. 
Joseph, MI 49085. 

NAP, 800- 851- 8885- Alternative to 
Sams'. 

Pepper Systems, 214 -353 -0257. 

Synergetics Surplus, 520- 428 -4073. 

G. Tannenbaum, Electronic Service 
Data (E -mail: 
k2bn @ agtannenbaum.com) -Parts 
and service data, 1920s to the present. 

Tech Systems, 800- 435 -1516. 

Michelle Troutman (E -mail: 
ai495 @yfn.ysu.edu)- Reasonably 
priced and has many out -of -print 
manuals. 

US Surplus, 410- 750 -1083. 

HEATHKIT MANUALS 

Heathkit Downloads 
(ftp://bama.sbc.edu/downloads/heath) 

The Heathkit Virtual Museum 
(www heathkit- museum.com). 

Manuals sometimes turn up at auc- 
tions -on -line (e.g., eBay and others), as 
well as at estate sales and the like, 
though hardly a way of finding exactly 
what you want. 

Only a few manufacturers actually 
produce the vast majority of consumer 
electronic equipment. For example, 
RadioShack, Magnavox, and Emerson 
do not make their own VCRs (I can tell 
you are not really surprised!). House 
brands are nearly always the products of 
well -known manufacturers that are 
identical or very nearly identical to their 
standard models but repackaged or at 
least relabeled to reflect the store chain's 
name and logo. This is one reason why 
such lower cost products may be a good 
deal (but not always). 

How do you determine the actual 
manufacturer? For most consumer elec- 
tronic equipment, there is an FCC ID or 
FCC number. Any equipment that may 
produce RF interference or be affected 
by this is required to be registered with 
the FCC. This number can be used to 
identify the actual manufacturer of the 
equipment. A cross -reference and other 
links can be found at www.repairfaq.org / 
REPAIR/F FCC ID.html (FCC ID Numbers 
Cross Reference). 

Sam's PHOTOFACTs 
Sams' (no relation) is Sams Technical 

Publishing (formerly Howard Sams & 
Company), who publishes circuit dia- 
grams and service info for just about 
every TV sold on this planet since the 
1940s. Sams' PHOTOFACTs schematics 
and service literature are published by 
Sams Technical Publishing, 5436 W. 
78th St., Indianapolis, IN 46268 -3910; 
800 -428 -SAMS; www.samswebsite.com. 

You can search the Web site to deter- 
mine if they have a folder for your 
model. Service info. (E:facts) for most 
models manufactured after 1992 is avail- 
able in electronic form (currently for 
about $11). These are similar to the 
print PHOTOFACTs but may be ordered 
on -line and will arrive via e-mail within 
one business day. 

These folders of service information 
have been published for over 45 years (I 
don't know for how long, but I have a set 
for a 1949 portable three -inch Pilot 
TV -about as portable as an office type- 
writer if you remember what one of 
those was like) and are generally the 
best, most consistent source of service 
info for TVs, radios, some VCRs, and 
other consumer electronics. 

There are some Computerfacts, but the 
number of these is very limited. The 
VCRfacts are also somewhat limited, and 
the newer ones tend to have strictly 
mechanical information. 



Sams' PHOTOFACTs are often avail- 
able (for photocopy costs) from your 
local large public library, which may 
subscribe to the complete series. If not, a 

large electronic distributor can order the 
selected folder for you. 

NOTE: I have heard that some of the 
PHOTOFACTS recently purchased directly 
from Sams Technical Publishing/ 
Howard Sams have been poor photo- 
copies with illegible scope waveforms 
rather than original printings. If this is 

the case, it is truly the end of an era and 
too bad. In any case, try to confirm the 
quality before you buy or get your info 
from the library. 

Inside Cover Of The Equipment 
Television sets and even old radios 

often have some kind of circuit diagram 
pasted inside the back cover. In the old 
days, this was a complete schematic. 
Now, if one exists at all, it just shows 
part numbers and location for key com- 
ponents, occasionally some test points 
and voltages -still very useful. Some 
TVs -as recently as ten years ago, 
maybe even now -included a complete 
schematic with the product information 
and owner's manual. I have a 1984 
Mitsubishi that came with a very nice, 
high -quality multi-page schematic. 

However, it's the very occasional 
exception rather than the rule anymore 
for A/V equipment. Microwave ovens 
do almost always have a schematic dia- 
gram of the microwave power- genera- 
tion circuitry pasted inside the sheet - 
metal cover. This diagram will generally 
include at least the high -voltage trans- 
former, interlocks, rectifier, capacitor, 
and magnetron. Since most microwave 
oven problems are in these areas, it's all 

you are likely to need. The controller, 
especially for electronic units, is often 
omitted or only covered superficially. 

Reverse Engineering Your Own 
Schematics 

Of course, most of us have had the 
need to reverse engineer equipment. 
This is probably not realistic for a mul- 
tilayer PC mainboard. Even for some- 
thing as complex as a TV or computer 
monitor, it may not be that difficult; and, 
in some cases, it's the only option. I gen- 
erally do this by going component by 
component and determining all the con- 
nections to each of them. The initial 
drawing will be a total mess -a spaghet- 
ti diagram. Once the wiring has been 
determined, I redraw the circuit (you've 

seen enough of them in these pages!). 
Everyone who does this more than once 
probably has their favorite technique to 
make the task easier. 

There are a few companies who do 
this for resale such as Bomarc and 
Eagan. (See Sidebar). However, the cost 
and accuracy can vary greatly (and they 
may not be correlated!), so it may be 
better to do your own. 

Wrap -Up 
Next time, we'll look at other aspects 

of finding information about electronic 
components as well as other Internet 
resources. As always, I welcome 
inquiries via e-mail at sam@repair 
faq.org or through the feedback form on 
my Web site www.repairfaq.org. P 

Introducing Robotics with 
Lego® MindstormsTM 

For Robot Lovers. Shows how to build a 

variety of increasingly sophisticated com- 
puter- controlled robots using the brilliant 
Lego mindstorms Robotic Invention System 
(RIS). Covers the fundamental building tech- 

niques needed to construct strong and effi- 
cient robots. Explains to the reader how robot 
control programs may be simply constructed 
on their PC screens. 
Detailed building in- 
structions are provided 
for all the robots fea- 
tured. 270 pages, 71/2 

x 10 5r7 in. $19.99. 

Plus $2.45 shipping 
in U.S. Order from 
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By Max Horsey 

A series of ten projects to build along with 
audiovisual information to support hobbiests 
during construction. Each project is complete 
with schematic diagrams, circuit and PCB 
layout files, component lists and comprehen- 
sive text to guide the hobbyist through the 
project. A shareware version of CAD - 
PACK- schematic capture and PCB design 
software is also provided. Projects include a 
reaction timer, logic probe, egg timer and 
seven more. Get 
your own copy of 
this CD-ROM today. 
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TIPS FOR MAIL ORDER 
PURCHASE 

It is impossible for us to verify the claims of ad- 

vertisers, including but not limited to product 
availability, credibility, reliability and existence 
of warranties. The following information is pro- 

vided as a service for your protection. It is not 

intended to constitute legal advice and readers 
are advised to obtain independent advice on 

how to best protect their own interests based 

upon their individual circumstances and juris- 
dictions. 

1. Confirm price and merchandise information 
with the seller, including brand, model, color or 

finish, accessories and rebates included in the 

price. 

2. Understand the seller's return and /or refund 

policy, including the allowable return period, who 

pays the postage for returned merchandise and 

whether there is any "restocking" or "return" 
charge. 

3. Understand the product's warranty. Is there 

a manufacturer's warranty, and if so, is it for a 

U.S. or foreign manufacturer? Note that many 
manufacturers assert that, even if the product 
comes with a U.S. manufacturer's warranty, if you 

purchase from an unauthorized dealer, you are 

not covered by the manufacturer's warranty. If 

in doubt, contact the manufacturer directly. In 

addition to, or instead of the manufacturer's war- 
ranty, the seller may offer its own warranty. In 

either case, what is covered by warranty, how 
long is the warranty period, where will the prod- 
uct be serviced, is there a charge for service, what 

do you have to do to obtain service and will the 

product be repaired or replaced? You may want 

to receive a copy of the written warranty before 

placing your order. 

4. Keep a copy of all transactions, including 
but not limited to cancelled check, receipt and 

correspondence. For phone orders, make a note 

of the order including merchandise ordered, price, 

order date, expected delivery date and salesper- 
son's name. 

5. If the merchandise is not shipped within the 
promised time, or if no time was promised, with- 
in 30 days of receipt of the order, you generally 
have the right to cancel the order and get a re- 

fund. 

6. Merchandise substitution without your ex- 

press prior consent is generally not allowed. 

7. If you have a problem with your order or the 

merchandise, write a letter to the seller with all the 

pertinent information and keep a copy. 

8. If you are unable to obtain satisfaction from 
the seller, contact the consumer protection 
agency in the seller's state and your local Post 
Office. 

If, after following the guidelines, you experi- 
ence a problem with a mail order advertiser 
that you are unable to resolve, please let us 

know. Write to Advertising Department, 
Gernsback Publications Inc., 275 6 Marcus 
Blvd. Hauppauge, NY 11788 

Be sure to include copies of all correspondence. 
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BASIC CIRCUITRY 

Protect Your LEDs 

And Save The Tears 

CHARLES D. RAKES 

Put your seat belt on and get ready for a 

ride into the world of basic electronic 
circuitry. Hop aboard and see where it 
takes us this month -enjoy the journey. 

Back To Basics 
LEDs are found in almost everything 

+3-12V 

40 
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D 

PARTS LIST FOR THE 
BACK -TO- BASICS CIRCUITS 

(FIG. 1) 

LEDI, LED2- Light- emitting diode, 
any color 

R1- 100 -1000 -ohm Y4 -watt, 5% resistor 

Download These 

Circuits From 

www,electronicswork 

bench.com/poptronics 

that's electrically operated. They come 
in many colors, sizes, and shapes; and all 
are somewhat similar to the array of sil- 
icon diodes that have been around for 
decades. However, there are some 
notable differences. 

Rectifier diodes are constructed to 
withstand relatively high reverse volt- 
ages, while LEDs are not and can be eas- 
ily damaged by reverse voltage. Also, 
most silicon diodes that are rated with 
reverse voltages below 1000 volts have a 

forward voltage drop of about .6 volts 
when the diode is conducting. The aver- 
age forward voltage drop of an LED is 
closer to 2 volts, and the actual voltage is 
determined by the LED's color. 
Interesting, isn't it? 

The typical red LED's forward voltage 
drop is from 1.7 to 2.4 volts, while yellow, 
green, orange, and clear LEDs are between 
2.1 and 2.8 volts. The blue color is the 
stepchild of LEDs, with a forward voltage 
rating of nearly 5 volts. Also, the blues are 
very sensitive to static electricity, and since 
they go for about $5 each -ouch!- they 
need to be protected. (See Fig. 1 for basic 
LED circuits.) 

Figure 1D shows a safe circuit for all 
LED colors except blue. The blue's for- 
ward voltage drop can be as high as 5 

volts, which is too great for the reverse 
voltage rating of most other LEDs. 
Generally, common LEDs can with- 
stand a reverse voltage of about 4 volts; 
when used together as in Fig. 1D, no 
reverse voltage damage will occur. 
Replace one with a blue LED, and its 5- 
volt forward drop may possibly damage 
the remaining common LED. 

A simple protection circuit is shown 
in Fig. 2. Each LED is powered through 
its own current -limiting resistor, allow- 
ing each to be individually protected 
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1N4002 

LED2 
BLUE 

PARTS LIST FOR 
THE SIMPLE PROTECTION 

CIRCUIT 
(FIG. 2) 

D1, D2- 1N4002, or similar, silicon 
diode 

LED 1- Light -emitting diode, red 
LED2- Light -emitting diode, blue 
Rl, R2 -100 -1000- ohm, % -watt, 5% 

resistor 

from reverse -voltage damage by a series 
silicon diode. 

The circuit in Fig. 2 may be used as a 

polarity indicator in a balance circuit or 
other circuitry requiring a simple 
method of indicating the type of input 
source. A positive source will light 
LEDI, a negative source will light 
LED2, and an AC source will cause both 
to cycle on and off at the input frequen- 
cy. At 60 Hz, both LEDs appear to be on 
at the same time. 

Another circuit (see Fig. 3) uses shunt 
diodes to protect the LEDs from reverse 
voltage damage. A silicon -rectifier diode 
is connected across each of the LEDs in 
the reverse position. This setup restricts 
the maximum reverse voltage for each 
LED to only .6 volts, which is a very safe 
and inexpensive way to keep the LEDs 
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PARTS LIST FOR 
THE SHUNT -DIODE 

PROTECTION CIRCUIT 
(FIG. 3) 

D1, D2- 1N4002, or similar, silicon 
diode 

LED 1-Light-emitting diode, red 
LED2- Light -emitting diode, blue 
R1, R2- 100 -1000 -ohm, % -watt, 5% 

resistor 

healthy. 
Orphan and junk -box LEDs general- 

ly will operate safely with a forward cur- 
rent of about 20 mills; however, unless 
you know the manufacturer's specifica- 
tions, it's impossible to know the maxi- 
mum power rating. 

One method I use in determining a 

safe operating current for an unknown 
LED is to vary the input current until no 
increase in brilliance is observed; then, I 

reduce the current about 10% and use 
that value for the absolute maximum - 
operating current. This method may not 
be 100% foolproof, but it does allow the 
use of orphan LEDs. 

Blow The Fuse 
And Save The Tears 

While we're using a silicon rectifier 
to protect LEDs, let's look at a reverse- 

DC INPUT 
FROM 

SOURCE 
A 

D1' 
1-35A 

*SEE 
TEXT 

FUSE 1 

TO 
EQUIPMENT 

Fig. 4. This simple reverse - voltage protection 
circuit will save money and aggravation. 

voltage protection circuit that could save 

big $$$$. Believe me, I've seen tears in 

the eyes of high dollar ham equipment 
owners who connected their rig up 
backwards to the DC power source. 
They would have saved themselves, if 
they had only added a single silicon -rec- 
tifier diode to their equipment (see Fig. 
4). The diode's current rating should be 
greater than the fuse rating, and the 
reverse -voltage rating should be several 
times the supply source. As a general 
rule, I would use a 15 -amp or higher 
rated diode for a circuit that is equipped 
with a 10 -amp fast -blow fuse. For slow - 
blow fuses, I would double the current 
rating of the diode. 

Before moving on, here's another 
simple method (see Fig. 5) of protecting 
DC- operated equipment. This method 
is only useful if the DC power- source 
output voltage is at least .6 volts greater 
than the connected equipment require- 
ment. The diode's current rating should 
be at least 25 -50% greater than the 
equipment's maximum current demand. 

DC INPUT 
FROM 

SOURCE 

TO 
EQUIPMENT 

D1' 
1 -35A 
*SEE 
TEXT 

Fig. 5. The circuit shown here is designed to 

safeguard DC- operated equipment. 

One item we did not cover in our pre- 
vious LED discussion was a simple cur- 
rent- limiting circuit for operating LEDs 
with different input voltages. The sim- 
ple constant -current circuit shown in 
Fig. 6 is an inexpensive way to add cur- 
rent -limit protection to an LED indica- 
tor circuit. The three series -connected 
diodes make up a reference voltage that 
maintains Q1's base at about 1.8 volts. 
The emitter maintains a constant volt- 
age of about 1.2 volts. The emitter resis- 
tor, R1, determines the constant current 
level, R= 1.2 /I. The resistance value 
required for an LED current of 10 mA 
would be 1.2/.01 or 120 ohms. A 20 -mA 
current would require a 60 -ohm resistor 
for Rl. 
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1N914 1N914 

41 2V 

R1' 

'SEE NOTE 

'NOTE: R1 = 1200 FOR 10mA 
R1 = 600 FOR 20mA 

I = 1.2V /R, 

PARTS LIST FOR 
THE CONSTANT- CURRENT 

CIRCUIT 
(FIG. 6) 

Dl- D3 -1N914 silicon diode 
LED1- Light -emitting diode, any color 
R1 -See text. 
R2 -1000- ohm, ' '44 -watt, 5% resistor 

It Doesn't Add Up-Or Does It? 
Take two like transistors and connect 

them as one and what do you have? 
Behemoth gain! The two- transistor 
configuration (see Fig. 7) is known as a 

Darlington pair with an hFE gain figure 
equal to the product of the two. If each 
transistor has an hFE gain figure of 150, 

then the Darlington pair has an hFE 
gain figure of 22,500 -not too shabby 
for two general -purpose transistors. The 
Darlington transistor pair can be made 
up of two NPN or PNP transistors or 
ordered ready -made from most elec- 
tronic supply houses. Darlington tran- 
sistors come in various power levels, 
from signal to multi -amp switching 
types. 

An application that the Darlington 

BASE 

COLLECTOR 

EMITTER 

Fig. 7. The Darlington pair circuit can convert 
a micro -amp input signal into a hefty control 
output. 59 



PARTS LIST FOR THE 
RELAY-DRIVER CIRCUIT 

(FIG. 8) 

Q1- 2N6043 or 2N6284, see text. 
D1- 1N4002 silicon diode 
Relay -12 -volt power relay, see text. 
R1 -1000 -ohm, % -watt, 5% resistor 

o 

transistor can handle with ease is con- 
verting a micro -amp input signal into a 
hefty power -controlling output. The 
Darlington transistor can take the 
wimpy output of most any CMOS 
device and control relays, motors, and 
other high current DC loads with ease. 

A relay- driver circuit is shown in Fig. 
8, which uses a low- priced NPN 
2N6043 Darlington transistor to supply 
operating current to the relay coil. DC 
motors operating at several amps can be 
controlled with a high -power Darlington, 
such as the 2N6284 in the T03 metal 
case. Reverse -voltage protection is han- 
dled by D1, which clamps any negative 
voltage spike that would likely damage 
the transistor. As in any circuit applica- 
tion, the semiconductor device used 
must be able to easily handle the circuit's 
voltage and current demands. Always 
select a device that is capable of doing at 
least 25 to 50% more than the job 
requires. Safety factors are either forgot- 
ten or pushed to their limits in many of 
today's products, resulting in premature 

+12V 

Fig. 9. The HEXFET transistor in this motor - 
60 control circuit can operate a I -amp DC motor. 

failure. Murphy is always standing by, 
ready to smoke a circuit if given a 

chance. Outfox him with added safety 
factors in all of your circuits. 

The power HEXFET is another 
wonderful semiconductor device that 
easily handles this type of job. The 
input- current requirement of a typical 
HEXFET, operating at DC or at a very 
low frequency, is zero -for all practical 
purposes. This situation allows a very 
low output device to easily drive a 

HEXFET. 
A simple on/off motor control circuit 

is shown in Fig. 9. The IRF511 HEXFET 
is rated at 4 amps with a maximum 
reverse voltage rating of 60. This device 
can easily operate a 1 -amp DC motor. A 
DC motor that normally operates at 1 

amp often requires several times that 
amount to start turning, especially under 
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Fig. 10. Here is an example of using diodes in a 
standby -power circuit. 

a load condition. The diode, D1, pro- 
tects the HEXFET from reverse -voltage 
damage when the motor is turned on 
and off. 

Another Diode Job 
The diode stands tall among its semi- 

conductor siblings, ready for duty in so 
many applications. Diodes make it easy 
to add a standby -power source to just 
about any AC- operated equipment that 
is internally designed for DC operation. 
Typical equipment would include corn- 
puters, security systems, fire alarms, 
safety lights, and any other equipment 
that must function when the AC power 
fails. 

A two -diode standby -power circuit is 
shown in Fig. 10. Without the standby 
circuit, the AC- operated DC power sup- 
ply would be connected directly to the 
equipment and would operate normally 

from the AC source. Diode D1 blocks 
the positive battery voltage from getting 
into the AC- operated supply when the 
AC power has failed. Diode D2 blocks 
the positive power supply from reaching 
the battery during normal AC opera- 
tion. However, when the AC power fails, 
D1 blocks the battery's output from 
entering the AC supply, and D2 allows 
the battery to supply power to the 
equipment. Be sure that both diodes are 
at least 1.5 times normal current flow. 

When the AC power is restored, the 
reverse occurs-DI passes power to the 
equipment, and D2 blocks the battery's 
output. Proper operation requires that 
the AC- operated supply outputs a 

slightly higher voltage than the battery. 
If not, the battery could end up supply- 
ing some of the equipment's power dur- 
ing normal operation, reducing its effec- 
tiveness during a power outage. 

Hopefully, getting back to some very 
basic circuits didn't turn out to be a bor- 
ing experience. Many of the problems 
we encounter in electronics can often be 
solved simply and easily. Maybe one of 
the circuits we shared today will do just 
that. In any case, hang in there, `cause 
we'll be back next month with some- 
thing entirely different to play with. 

May your circuits never fail! P 

Coll Desk/nand 
Conetnaction YOU CAN WIND 

YOUR OWN COILS? 

There's no trick to it except 
knowing what you are do- 
ing. In a unique, 106 -page 
book you can become ex- 
pert 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! 

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 $8.99 to cover the book's cost 
and shipping- and -handling expenses. NY state 
residents must add local sales tax. 

Name 

Address 

City State ZIP 

All orders must be paid in U.S. funds only. Sorry, 
no orders accepted outside of USA and Canada. 

LPlease allow 6 -8 weeks for delivery. ET07.1 
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L nxmotion, When you're tired of playing with toys! 

1 
Lynxmotion, Inc. 
PO Box 818 
Pekin, IL 61555 -0818 
www.lynxmotion.com 

i 
1 

Tel: 309 -332 -1816 
Fax: 309 -332 -1254 

sales @lynxmo:ion.com 
Visit our website or ask for our tree catalog! tech @lynxmo -ion.com, 

Buy your transformers online 
direct from Toroid Corp. 

Standards: 
www.toroid.com/standard.htm 

Make -it- yourself kits 

www.toroid.com/kits.htm 

AM &FM - 

LOW POWER 
TRANSMITTER KITS 

If you are interested in building quality low power 
transmitters for AM, FM Stereo, and Television 

transmission, see our website for more information. 
Kits covering the frequency range of 150 KHz to 1300 

MHz. are available, for Amateur, experimental Part 15 

uses, hobby, and radio control use. 

NORTH COUNTRY RADIO 
Visit our website www.northcountryradio.com 

Sales: PO BOX 53 New Rochelle N.Y. 10804 Tel 914 -235 -6611 

Technical: PO Box 200 Hartford NY 12838 Tel 518 -8e.4 -9280 
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WWW.POLARISUSA.COM OVER 700 PRODUCTS IN STOCK!!! 800.752.3571 
MICRO CAMERAS WIRELESS VIDEO CALL OR GO ONLINE TO ORDER YOUR FREE PRODUCT CATALOG LIPSTICK CAMERAS DIGITAL RECORDERS 

"YOUR WEB BROWSER IS YOUR REMOTE EYE!" 
The PV -140 Series PCI PV- 140 -A. 5299.95 
cards are the solution for 
digital security using a PC.. 

The PV -140 Series 
integrates a color quad 
processor, multiple zone 
video motion detector, 
multiplexer, and a real timi; 
digital video recorder 
(DVR). 

PV -140-e 
PV -140 -D 

MOTION DETECTION ALARM RECORDING NOTIFICATION 

Works Great With Our 
Wireless Receivers, Too! 

Each card can conned 
up to 4 cameras. 

GFR- 2400 .2.4GHz Receiver 

5" COLOR WIRELESS OBSERVATION SYSTEM 

ADD UPTp3 
ADDITIONAL 

Now you can enjoy peace of 
mind with our new wireless 
observation system. Comes 
with a 5" wireless color 
monitor, a wireless color 
camera. Just Plug -& -Play for 
perfect wireless video any 
time! Great for around the 
house, office or technical field 
work. 
GW- 2400SA - $379.95 

HIGH GAIN DIRECTIONAL PATCH ANTENNAS 
The Patch or Panel Antenna elements are 
temperature stable with a low return loss and 
low frequency drift vs. temperature. They 
offer heavy duty use, yet are lightweight 
construction. 

DA- - $29.95 

This camera merges the gap between 
bullet or lipstick cameras and full -size 
housings with cameras. Unlike bullet or 
lipstick cameras with limited features, this 
unit has many features only found on 
larger, cased cameras. 

6 Configurations 
B/W: Regular, Auto Iris, Vari -Focal Lens 
Color: Regular, Auto Iris, Vari -Focal 
Lens 

Industna, Sesled. Aloma,,,,, Cd, 

AV -48WC8 - 235.95 
Made in the USA 

TIME LAPSE RECORDER 
The CTR -024 is a 4 head Helical Scan Azimuth System which offers 350 /300 TV 
lines of resolution (B/W / Color)). Maximum recording times are adjustable and 
include 2/12/24 hours. There are five different programmable recording modes 
built -in. Each unit has a CTR -024 - 299.95 
time /date display and a 30 day 
Battery Backup. 

This is an excellent recorder 
for the price! 
(Portable 12V DC Models Available) 

B/W INFRARED LIPSTICK CAMERA 
Designed for surveillance applications, the LP -850W B/W 
Infrared Camera operates in extreme low -light conditions. 
Recently developed technology allows this cam era to see in 
total darkness up to 20 feet away with built -in L EDs. Excellent 
for mounting on a wall or ceiling. Infrared light i s controlled by 
an auto -sensing photo cell. 

Call today for more information! LP -850W - 99.95 

2.5" COLOR TFT FLAT SCREEN MODULE 

DA-12 - $119.95 
UNIT IS ONLY 
5.8mm THIC 

Our new color 2.5" TFT module can be 
used for a variety of purposes such as; 
custom automotive dash installations, boat 
installations, covert ultra- compact 
surveillance packages, and more. 

(Driver board not shown) 

TFT -M25 - $139.95 

Dimensions: 61.6(L) x 49.3(14 x 5.8(H)mm 

MICRO BOARD CAMERAS RECHARGEABLE BATTERY PACK VIDEO MOTION DETECTOR 

MB-1250P - $89.95 

This 12 Volt, high- capacity 
portable battery is 
rechargeable and will 
operate any of our 12V 
cameras, transmitters and 
TFT Monitors. It has a 
charge time of 4 hours 

and allows for a total of 2000 re- charges. 

RBP -12V - $69.95 

The VDM -01 is the answer to wasting hours in front of a monitor searching for the event 
that occurred. This 4 -zone video detection unit will allow you to place 4 areas of interest 
on the camera screen. The sensitivity can also be adjusted so false tuggers do not set 
your VCR to record. Imagine a zone on the cash box or a zone on just one bin box in 
your inventory room. No more watching hours of uneventful video on your surveillance 
tapes. Set -up one of these systems as part of your office or company wide security 
system and you will be amazed. This is a great management tool for revealing the non- 
productive habits in the office. This 
system is compatible with any time- 
lapse or real time recorder with 
alarm inputs. 

VDM-01 - 199.95 

800.752.3571 
Tech 404. 872 -0722 Fax 404 -872 -1038 WWW.POLARISUSA.COM POLARIS INDUSTRIES 

470 Armour Drive NE Atlanta GA 30324-3943 

CIRCLE 228 ON FREE INFORMATION CARD 

ELECTRONIC MILITARY SURPLUS 

FAIR RADIO SALES 
WEBSITE: fairradio.com 

E -MAIL: fairradio@fairradio.com 
PHONE: 419- 227 -6573 

FAX: 419- 227 -1313 
2395 St Johns RD - Box 1105 

Lima, OH 45802 
VISA, MASTERCARD, DISCOVER 

Address De t. ES 

2KW SOLA REGULATOR 
Sola CVS 2000 
Watt Constant 
Voltage 
Transformer pro- 
vides a very well 
regulated sinu- 
soidal waveform 
that is isolated 
from variations 

- 
- and disturbances 

in the input voltage. Also provides iso- 
lation and step -up /step -down to allow 
for various Input/output voltages. Input 
95- 130/175- 235/190. 260/380.520 60Hz. 
Output 120/240VAC 60Hz 2000VA. 
17.8x11.4x9.6, 115 lbs sh. plus shipping. 
Unused, 5250.00 ea, 2 I $450.00 

We've Moved !! 
Come see us on the way to 

the Dayton Hamfest. 
Just off 1.75 at Exit 122 

Send for Our New Catalog !! 

WWW.POPTRONICS.COM 

MEETING TOMORROW'S 
CHALLENGES TODAY 

The men and women in the Navy's Seaman /Airman/ 
Fireman Program are working for America, while learn- 
ing valuable skills through on-the-job training. They're 
building solid futures, succeeding in a competitive, high - 
tech world and advancing as quickly as their abilities and 
performance allow. Find out more about the Seaman/ 
Airman/Fireman Program, as well as other exciting Navy 
job opportunities, from your local Navy recruiter. This ad 
is ht,alght to you as a public service of this newspaper. 

Navy. Full Speed Ahead. 
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Everyone j somewhere 

As CIE - discovered, j from The 
Cleveland - Institute of j Electron- 
ics can 
get you 

J were you 
want to 
be. In a 

-secure 
career in - electronics j j j j j 

GET HERE. fow pe WC'CdU 
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LEARN A SKILL YOU ENJOY._. 

...THEN FIND A 10B THAT HAS A FUTURE. 

has to start 

graduates have 
independent -study 

'iiR `It 
Industrial Robotics 

Since 1934, CIE has been on 
the forefront of an ever expanding 
technological revolution. 

Back 
then it was 
radio and TV, 

today it's 
computer 
technology, 

z programming 
and the electron- 
ics that make it all 

possible. Today 
and yesterday's 
similarities are 

uncanny... Employers are looking for 

qualified applicants to hire and having 

a hard time finding them. 
Students at CIE receive the 

training and the education needed to 
get hired and to succeed in challeng- 
ing fields such as computer program- 
ming, robotics, broadcast engineer- 
ing, and information systems manage- 

Electronics 

ment. CIE's 
curriculum is 

unique from 
other indepen- 
dent -study 
schools in the 
respect that we 
not only provide 
hands -on 
training utilizing 
today's 
technology we 
also instill the 
knowledge and understanding of why 
technology works the way it does. This 

is the foundation upon which every CIE 

graduate can trace their success back 
to and in which CIE's reputation as a 

quality learning facility is based on. 

Project Engineer 

Independent study is not for 

everyone. But, if you have the desire, 

the basic intellect and the motivation 
to succeed, CIE can make it happen. 
Our learning program is patented and 
each lesson 
is designed 
for indepen- 
dent study 
while our 
instructors 
are available 
to assist you 
whenever 
you feel you 
need help. Simply call or e -mail us 

with your questions and our instructor 
staff will be prompt, courteous and 

thorough with their response. 
CIE offers personalized 

training to match your back- 

Telecommunications 

START HERE... 

y[si Please send me more 
. information on: 

CIE's Associate Degree Program 

CIE's 12 Career Courses 

Mail coupon to: 
CIE 
1776 E. 17th street 
Cleveland, Ohio 44114 PT30 

Name 

Address 

City 

State Zip 

Phone: 

Check for Ci. Bill Details 
Active Duty Veteran 

I. J 
CIRCLE 320 ON FREE INFORMATION CARD 

ground with over ten career 
courses, an Associate Degree 
Program and a Bachelor 
Degree Program through our 
affiliation with World College. 
And every CIE graduate got 
started 
in a 

successful 
career the 
same way you 
can...by 
sending for 
your free CIE 

course catalog 
and judging for 
yourself if CIE's 
for you. Computer 

Programming 

It's More Than Just Training... 
...It's an Education. 

1776 East 17th Street 
Cleveland, OH 44114 

1- 800 -243 -6446 
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GET THE NEW CATALOG TODAY! 
New Kits, New LPFM, New Cameras 

N W' www.ramseykits.com 
I 

35 WATT LPFM STEREO TRANSMITTER AUTOMATIC COLOR /BW IR CAMERA 
35W RF output, VSWR protected 
Automatic audio & power controls 11111111111 Digital synthesized PLL ,, 
Full front panel control (t/e 
110/220VAC,12 

Whether your application is export or LPFM, the PX1 has you covered. From the 
over -rated continuous duty power supply & power amplifier to the 2 line vacuum 
fluorescent display, your station will be the easiest to setup and the most reliable 
for continuous operation. Full microprocessor controls provide a "virtual engi- 
neer" Check out www.highpowerfm for full details. 
PX1 35W Professional FM Stereo Transmitter $1,795.95 

ELECTROCARDIOGRAM HEART MONITOR 
rr Visible and audible display of your heart rhythm 

I "` Re- usable sensors included; just like visiting the hospital! 
./ Bright LED "beat" indicator 
,/ Monitor output for oscilloscope display _ 4& fß 1*- 
Enjoy learning about the inner workings of the heart while cov- 
ering the stage by stage electronic circuit theory of ECG /EKG 
systems. Be heart smart and learn at the same time! 

ECG1 Electrocardiogram Heart Monitor Kit $34.95 
CECG Matching Case & Knob Set $14.95 
AC125 110 VAC Power Adapter $9.95 
ECGP10 Replacement Reusable Probe Patches (10 -Pack) $7.95 

PLASMA GENERATOR 

'w ',- 
Olt/ 

Color during the day, IR B&W at night! 
Automatically turns on IR Illuminations - sL. 
Waterproof to IP57 standards! _1j9nK 
Black anodized housing with univei 1 mount 

Best of both worlds! This video camera is a water- 
proof COLOR camera during the day. When the 
light level drops, it automatically changes to B&W 
and turns on its built -in IR illumination, with 10 IR 

LEDs. Powered by 12VDC and terminated with a 
professional BNC connector. B&W only model 

also available if color is not needed. Both in heavy anodized black housing. 
CCD309 Color /B&W IR Waterproof Bullet Camera $169.95 
CCD308 B&W IR Waterproof Bullet Camera $109.95 
AC125 110 VAC Power Adapter $9.95 

MINI B &W CAMERA WITH IR ILLUMINATION 

Generate 2" sparks to a hand held screwdriver! 
Build your own plasma balls! 
25KV at 20 KHz from a solid state source! 

Generate really impressive sparks, build your own plasma 
ball, light fluorescent tubes without wires! From a solid 
state source, generate over 25KV at 20KHz for the most 
dazzling displays! 

PG13 Plasma Generator Kit 
PS12 14VAC Output Power Supply 

IG7 
AC125 

$59.95 
$19.95 

Built in IR illumination! 
Sees in total darkness! j!1 L 
Black aluminum housing with swivel bracket 

What a deal! This miniature B&W video camera has 6 
high power IR LEDs built into it to provide illumina- 
tion in total darkness! No need for external IR illumi- 
nators. Attractive black aluminum housing easily 
mounts at any angle with the built -in swivel bracket 
Runs on 12VDC, and includes professional BNC out- 
put plug -in harness. 

CCD303 Mini B&W IR Illuminated Camera $59.95 
AC125 110 VAC Power Adapter $9.95 

Check out all our other new cameras at www.ramseykits.com! 

PROFESSIONAL FM STEREO RADIO STATION 

ION GENERATOR 
Generates negative ions with a blast of fresh air! 
7.5KV DC negative, 400uA - that's a lot of ion 
Steady state DC voltage, constant current, not pu d! 

Learn the basics of ion repulsion by building this ion generator! 
Creates a continuous blast of fresh air charged with a ton of 
ions. Perfect for pollution and air freshening; just smell those 
ions! Solid state wind generation; you'll be amazed! 

Ion Generator Kit $59.95 
110 VAC Power Adapter $9.95 

TOUCH -TONE TONE GRABBER 

Synthesized 88 to 108 MHz with no drift ! 

Built -in mixer - 2 line inputs and one 
microphone input! 
High power module available for export use 
Low pass fitter for great audio response 

Our FM100 is used all over the world by serious 
hobbyists as well as churches, drive -in theaters, 

and schools. Frequency synthesized PLL assures drift-free operation with simple 
front panel frequency selection. Built-in audio mixer features LED bargraph 
meters to make setting audio a breeze. The kit includes metal case, whip antenna 
and built-in 110 volt AC power supply. 
FM100 Super -Pro FM Stereo Radio Station Kit 
FM100WT 1 Watt, Wired Export Version 

$249.95 
$399.95 

SYNTHESIZED FM STEREO TRANSMITTER 

New- built -in Rj11 phone jack iL 
./ Large memory holds over 500 numbers 

Big bold 8 digit display, auto insertion ofd es 
New -output latch jack 

Dialed phone numbers on the radio, repeater codes, con- 
trol codes, anywhere touch -tones are used, you can read 

and store them! All new design for 2002. Capture those tones with the TG2! 
TG2 Tone Grabber Tone Reader Kit $59.95 
CTG2 Matching Case & Knob Set $14.95 
AC125 110 VAC Power Adapter $9.95 

RCA TO XLR AUDIO CONVERTER 

R2XL1 
CR2XL 
PWR25 

All new design & features for 2002! 
Fully adjustable RF output 

#1 kit for years has just gotten tter for 2002! 
Totally redesigned, the FM25B has all the features 
you've asked for. From variable RF output, F con- 
nector RF output jack, line input, loop output, and 

more. Includes case, power supply, whip antenna, audio cables. 
FM25B Synthesized FM Stereo Transmitter Kit $129.95 

AND...OUR FAMOUS MINI -KITS 

TT7 

Connect consumer outputs to XLR inputs 
./ Left & right audio gain adjustments i,, 
So you're trying to connect consumer audio outputs with 
RCA connectors (unbalanced) to XLR (balanced) inputs. 
Always a problem...Not anymore with the R2XL1! 

Unbalanced to Balanced Audio Converter Kit $49.95 
Matching Case & Knob Set $14.95 
12VAC Power Adapter $9.95 BN9 

These are easy to build kits that can be used either stand- 
alone or as building blocks for more complex projects. 
TS4 Tickle -Stick Shocker $9.95 

$8.95 
$3.95 
$6.95 

$19.95 
$9.95 
$8.95 

BN9 
BL1 
TD1 
117 
CPO3 
UT5 

Super Snoop Amplifier Kit 
LED Blinky Kit 
Tone Encoder /Decoder Kit 
Touch Tone Decoder Kit 
Code Practice Oscillator Kit 
Universal limer Kit 

f 

RAMSEY 
RAMSEY ELECTRONICS, INC. 

793 Canning Parkway 
Victor, NY 14564 
716 -924 -4560 
sales@ramseykits.com 

Order Today! 800 -446 -2295 
www.ramseykits.com 64 
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www.web-tronics.com :1. 
High TechVideo System with Audio only 109. 

11 
ea in q00ty 4 

!. 

Complete Package ! Includes Two B/W Cameras with I.R. (night vision) & microphones 
One 5.5" B/W Monitor with Built in Switcher, Two pre -wired 60 ft hook -up cables 
Everything you need to be up & running in minutes with a high tech video system!! 

System Features: 
*2 wide angle B/W cameras w I.R. & Sound 

( 
°tT *5.5" B/W video monitor w built in switcher 

= *Two 60 ft. pre -wired cables 

www.web-tronics.com 

J 
*View one or both cameras. Switching Time 

variable from 2 to 20 seconds 
*Video easily hooks into a VCR 

www. web -tronics. corn / Removeable H.D. Racks 
For IDE/Ultra DMA Hard Drives 
We Sold Over 18,000 In 2000! ONLY 
This product can be used with :,. 

S1 49r, any 3 -1/2 IDE hard drive up to a 
I" high. It includes an electronic any qty. 
keylock for sate removal and 
insertion. Made of ABS 707 
fireproof plastic. Use this 
product to protect sensitive 
hard drive data, take your hard ` l-10C-IDE 
drive between work and home or even set up different users with 
their own hard drives that they physically insert every time they 
use a PC. Other models available from C.S.I. include RH10 series 
and RH20 series, which are interchangeable within the same 
interface design (IDE or SCSI). Other Models ore Available. Soo 

Nsww.web-tronics.corn under "hard drive and acceswd.7 

T;le Output Bench Power Suppy 
w four 3/12 digit LCD Displays 

Output: 0-30 VDC @ 2 Amps x 2 

&5V fixed @3Ampsxl 
input: 110VAC+/ -10% 

±uuukam CSI3002D- 3,..$159.00 
(qty. 5+ $149.00) 

Details at www.web-tronics.com 
under "Test Equipment" 

Mini CCDs (BAN & Color 
Sensational NEW Design for 5mal 
Observation Cameras. Smaller and Better. 

Ultra Miniature Design 
Black & White Versions Only 25mm x 
25mm 
Color Versions Only 32mm x 32mm 
Available in Standard Lens or Pinhole 
Lens 

All Include Pre -Wired Cable Harness for Video d Power 
12V Regulated Power Supply Required (120mA typical 
power consumption) 
0.1 LUX Rating (B/W), 1 LUX (color) 
CCp Area Image Sensor for Long Camera Life 
Back Light Compensation Circuit 
Built -In Electronic Auto his Lens 

VMCW -H1IA 32mmx32mmx3Omm, Color CCD with standard lens, pre- 
wired cabling 12V DC Power $109.°0/ 199.005 or more 

VMCW -H12A 32mmx32mmx19mm, Color CCD with pinhole lens, pre - 

wired cabling, I2V DC Power Input 1109,0/ 99..5 or more 

VMPS -718A 2Smmx25mmx3Omm, B/W CCD with standard lens, pre- 
wired cabling, 12V DC Power Input $49.00/ 145.005 or more 

Ç2GHz RF Field StrengthAnaIyzer 
Frequency Range. I00KHz w 
2.060MHz ONLY Narrow Band FM (NFM).Wlde Band M t 
FM (WFM),AM and Single Side Band I 699 
(SSB) Modulated Signals May Be 
Measured 
PLLTuning System for Precise 
Frequency Measurement and 
Tunin 
LED Backlight LCD (I 92x192 dots) 
Built -In Frequency Counter 
Hand -Hold and Battery Operated 
All Functions are Menu Selected 
RS232C fo- PC Interlace and #JL V I ,,,Printer JLV I 

C?RL - D 
to bookmark 

this site 

Jrtt 
D 

forget 

the dash 

É0 y to tJ°aSearch Engine 

Includes 
RemsA d d COnstantlyM Business 

Since 1971 

tic 

CCD B &W Board Cameras 
ASIC CCD Area Image Sensor Detailed Sp1 
Extremely Low Power Consumption on the Web 
0.5 Lux Min Illumination 
Built -In Electronic Auto Iris for Auto Light Compensation 

VM1030PA -B 30mmx3Ommx25mm,Pinhole lens, I 2V $39.00 any qty. 
VM1030A 30mmx3Ommx26mm, Standard lens, 12V $39.00 any qty 
VM1035A 42mmx42mmx25mm, Standard lens, 12V with back light corn 

549.00 any qty. 
VMCB21 44mmx38.Smmx28mm,with 6 infra -red LEDs, 12V 349.°° any qty. 
VM1036A 32mmx32mmx25mm,Standard lens, I 2V, reverse mirror image feature 

549.00 any qty. 

Bullet CCD C 
Housing 

and 
Detailed Rugged Metal 

Power 
Cons Detailed Speu 

11Vememly Low Power Consumption 
fP Volt n the We 
CCD Area Image Sensor for Long Camera Life 
BuOt -ln Electronic Auto Iris for Auto Light Compensation 
No Blooming, No Burning 
0.1 Min Lux Illumination (B &W), 1 Lux Min Lux Illumination (color) 

VMBLT1020 B &W,21 mm(D)x58.Smm(L)149.00any qty. 

VMBLT1020W B &W Weatherproof, 21mm(D)x58.Smm(L) 169.00 any ql 

171LTJC10BWcricet+ rsp6dl mArr)zonsr .1lOnwg4 

/Cw L PoR 
w eCGD n suim t 

Booard Cameras 

1 Lux Illumination 
Internal Synchronization 
12Volts 
400 1V Lines 
Built -In Electronic Auto Iris for Auto Light Compensation 

1` V, M301OPA33mmx33mmxI8mm , Pinhole lens $99,44anygty. 

\M3010 -A 33mmx33mmx32mm, Standard lens 99, any qty. 

now! DC to AC Power Inverters 
150 watt up to 3000 watt models ! 

150w modified sine wave: $29.95(G- 12 -015B) Industry 
300w modified sine wave: $39.95(G -12 -030) Best 
150w pure sine wave: $69.00(G -12 -1505) Pricing! 
300w pure sine wave: $109.00(G- 12 -300S) 
800w modified sine wave: $139.00 (G -12 -800: 

1000w modified sine wave: $179.00(G -12 -IOC 

3000w modified sine wave(phase corrected), 
(G -12 -300) $4899.00 \ee Our Website for DETAILED Specs.! 

Our Most Sophisticated DMM We Sold Over 700 Last year! 
with RS -232 Interface & Software, 3 -3/4 Digit,4000 Count,Auto- Ranging 

with Analog Bargraph K Type Temperature Probe Included 
Pulse Signal for Logic 
& Audible Test 
Continuity/Diode Test 
Logic Test 
Auto Power OFF / "Keep ON" Mode 
Fused 20A Input with 
Warning Beeper 
Back Light 
Data Hold /Run Mode 
Safety Design UL1244 &VDE -041 I 

Protective Holster 
Silicon Test Leads 

True RMS Mode 
10MHz Frequency Counter 
Time Mode withAlann. 
Clock and Stop Watch 
Dual Display 
10 Location Memory 
Min, Max.Avg and Relative 
Mode 
Decibel Measurement 
Cap and Ind. Measurement 
Temperature Mode (C/F) 

NON -7) 
ONLY 

$149 
Reg. $169 

more CS13003:0- 30v /0 -3amp 
Details on Difital R/O Bench PS, 

Irx 10 +5mv Load 

Detailed 
Specs on 
he We 

VMPS -250A 25mmx25mmx l 5mm, B1W CCD with pinhole lens, pre -wired 
cabling, 12V DC Power Input 49.5 / 145,x S or more 

nth Digital Multimetes 
w RS232C Interface 
True RMS/AC voilage & current - . 
Digital & Analog Display he 
3999 Counts & 42 Segment Bar graph 
Autorange & Manual Range 
Data Hold, Min/Max Relative Measurement 
Storage Data Display/Read! 
Back Light 
ADP Mea urerx'nt:4(Kh11V+/ -3 %l0 Digit!lmV DC 

Diode 
Test Only $99.00 RS23 Cost any qty. RS232C standard interlace 

AC or DC power 

Extensive 
Details @ ig 
WEB SITE +[1' 

item# 
CSI9803R 

RB0( 
O'Scope Offer ONLY 

30MHz! ONLY $299! 
Industries Best Price! $299 
See web for specs 

I -d a. 

} /'I 
Jet r;s 

Dual Channel 
Dual Trace #OSC -1030 
Vert Trigger 
I Year C.S.I.Warrantyl 

Manufactured for CSI by a leading 
O.E.M. manufacturer. See our 
website for detailed specifications! 

3000 Series Digital R/O Bench Power Supply 
(-Low Cost Single Output *-3Amp New Lower Prices! 

High stability digital read -out bench power supply 
featuring constant voltage and current outputs. 
Short -circuit protection and current limiting 
protection is provided. Highly accurate LED 
accuracy and stable line regulation make the 3000 
series the perfect choice for lab and educational use. 

Line Regulation: 2x10 +l ma 
Load Regulation: I x 10-4 +Smy ttiv 
LED Accuracy: Voltage ± I% +2 digits 

Current 31.5% +2 digits 
Wave Line Noise: 6Imvrms 
Dimensions: 291 mm x 158mm x I 36mm 

web S ite 

PROTEK 506 Regulation 
$89.00 5/$85.00 

AS 
LOW AS 

$85 Ell III 

CS1 5003. 0- 50v/0 -3 amp 
Digital RIO Bench PS, 
1x10 -4 +5mv Load 

Regulation 
$109.00 5/$99.00 

See our web-site 
for many other 
Dower suDDly deals 

CIRCUIT SPECIALISTS, INC.22o S. Country Club Dr., Mesa, AZ 85210 
CIRCLE 233 ON FREE INFORMATION CARD 

800 -528 -1417/480 -464 -2485 /FAX: 480 -464 -5824 
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Be an FCC LICENSED 
ELECTRONIC TECHNICIAN 

EARN 
MORE 

MONEY 

Earn up to $100 
an hour and more! 

The Original Home -Study 
course prepares you for the "FCC 
Commercial Radiotelephone License" at 
home in your spare time. This valuable 
license is your professional "ticket" to 
thousands of exciting jobs in: 

Communications 

Microwave 

Radar 

Radio -TV 

Maritime 

Avionics & more 

You can even start your own business! 

No previous experience needed! No need 
to quit your job or go to school. This 
proven course is easy, fast and low cost! 

GUARANTEED TO PASS - You get your 
FCC License or your money refunded. 

L 

Send for FREE facts now! 
Mail coupon today or call 

(800) 932 -4268 Ext. 240 

www.LicenseTraining.com 

COMMAND PRODUCTIONS 
FCC LICENSE TRAINING - DEPT. 240 
P.O. Box 2824 San Francisco, CA 94126 
Please rush FREE details immediately! 
Name 

Address 

City State Zip 

CIRCLE 321 ON FREE INFORMATION CARD 
.S 

o E%-- RO iL 
RELAYS LIGHTS MOTORS M IEAS V IRE 

TEMPERATURE PRESSURE LIGHT LEVELS HUMIDITY' 

SWITCH POSITIONS THERMOSTATS LIQUID LEVELS 

PLEGB INTO PC SOS 

24 UNES MILE I/O 
8 CHANNEL 

8 SIT A/0/ IN 

12 SET MIMES 
UP 10 14K IMP, NEC 

R1212 INTERFACE 

E DIGITAL I/O 
B ANALOG INPUTS 

2 ANALOG OUTPUTS 

2 COSNTERS -24 RIT 

3 'TIMER COUNTERS 

24 METAL I/O 

RS2321411VEA:E 
29 LINES DIGITAL I/O 
8 ANALOG INPUTS 

P1414 OUTPUT 

R223ì INTERFACE 

20 AMPS 

12 Er A/O 

OPTO ISOLATED 

COMPLETE OMM 

411-232 INTERFACE 

IS Br A/D 
ES DIGIT 

JP TO 60 SMP/SEC 

Prairie Digital, Inc. 
PHONE 608- 643 -8599 FAX 608 -643 -6754 

CIRCLE 219 ON FREIE INFORMATION CARE 

RF Modules 

www.abacom -tech .corn 

ABCOM 
Tec hArolog ias 

Tel: +1(416)236 3858 
Fax: +1(416)236 8866 

a bacoarea bacom -tech. com 



VideoEquip. com Surveillance 
Superstore! 

High Quality Mini Cams! 

Super Mini Cameras, Nanny Cams 
and CovertiHidden Cameras 

Built in Microphone 
See in Total Darkness 
Hi Resolution 
Color or Black & White 

Wireless tip To 150 feet 
Avallable in Color or BIW 

.-Check Out Our Quality 4;1 

www.VldooEquip.com 

Remote Web Monitoring For Your Home 
4 to 20 Camera 

Surveillance 
Systems! 

Easy to Install 
Plug and Play 

High Quality 
Affordable 

Deter Theft! 

or Office! 
Check Out Our 

Interactive 
Demos On 

Our Websited 
www.VldeoEqutpcom 

Call Toll Froe 

1 -877- 647 -2828 www. vfaeocquip.com 

Web Surveillance! 
Check On Your 
Home or Office 
from ANYWHERE 
Via the Internet! 

SMnRTHÌ3Ñllt= "' 
Hund eds of 

NEW Products Inside. 
11, Mot,- 

1 ,T- 

M 

Qa --- 

4, nil= >_ir°S. ®r 

World's Largest 
Source for Home 

Automation! 
Voice Control 
Gadgets & 

Motorized Devices 
Home Theater 
Phones & 

Intercoms 

X10 & Lighting 
Control 
Home Security & 

Surveillance 
Home Networking 

& Structured Wiring 

and Much More... 

800-SMART-HOME 
www.smarthome.com 

Free 144 pg. Color Catalog! 
Dealers/Resellers ask about our 

SmartHome PRO Dealer Program 800-949-6255 

Poptronics SHOPPER 

Start A Career With High Wages, 
Excellent Benefits and Job Security!! 

With UCANDO's extraordinary maintenance training programs you 

can quickly and easily enter a high paying field as a maintenance 
technician for a very small investment of time and money. 

RC -M ONLY $165 RC -M is a 15 hour training 
course on relay ladder logic systems. Includes a 5- 
part video and workbook. Great Value! 

PLC -M ONLY $198 PLC -M is 
a 32 hour training course on 

PLC systems. Includes (2) 4 -part videos and 
workbook. This training is valuable. 

HYD-M ONLY $209 HYD -M is a 32 hour course 
r' a on Fluid Dynamics. Includes (2) 4 -part videos 

and workbook. This Module is a must. 

SC-M ONLY $215 SC -M is a 

32 hour training course on AC 6 DC Servo 
Controllers. Includes (2) 4 -part video's and 
workbook. Learn everything you need about 
AC and DC servo Control Systems. 

,. . 
f' 

Electronic Training Videos: Basic Electronics, Digital 
Electronics, TV Repair, LASER and Fiber Optic training videos 
available at very affordable prices starting at Only $35.00 each. 

For information or to place an order call: 

1- 800 -678 -6113 
www.ucando- corp.com 

UCANDO VCR Educational Products Corp., Greenville, OH 

ELECTRONIC 
COMPONENTS 

DEPOT 

www.activestores.com 
YOUR LOCAL ONE STOP SHOP FOR 

ALL YOUR ELECTRONIC NEEDS! 

Over 5,000 products on display for 
you to browse through, including: 

Electronic Components 
Test Equipment 
Soldering Supplies 
Chemicals Tools 
Wire & Cable 
Books Datacom 
Prototyping 
Static Control 

and much more! 
(7 ACTIVE 8 Locations across 

BALTIMORE 

ILL: (410) 863 -0070 

Fix: (410) 863 -0075 

active.baltimore @future.ca 

CAMBRIDGE 

Tri: (611) 864 -3588 

FAX: (617) 864 -0855 

adive.cambridge @future.ca 

CHERRY HILL 

TEL: (856) 424-7070 

FAX: (856) 424 -7722 

achve.cherry.hill @future.ca 

CHICAGO 

TEL: (847) 640 -7713 

Fax: (847) 640 -7613 

adive.chicago @future.m 

DETROIT 

TEL: (734) 525 -0153 

FAX: (734) 525 -1015 

adive.detroit @future.ca 

LONG ISLAND 

TEL: (6311 471-5400 

FAX: (631) 471 -5410 

active.ong.islond @future.ca 

0 

the US! 
SEATTLE 

Ta: (425) 881 -8191 

Fax: (425) 883 -6820 

active.seatile @future.ca 

WOBURN 

TEL: (781) 932 -0050 

Fax: (781) 933 -8884 

adive.woburn @future.ca 

®41 
Rewards Program 
Join today to save! 

OFF ALL IN -STORE 
ELECTRONIC COMPONENTS 
Ion items not already reduced) 

Limit one coupon per purchase. In -store selecico only 

Not valid on Test Equipment. Offer ewes February 28. 2002 
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A MAZI N G \ 

, 
D 

See in Action video on our web 
EVICES site at www.amazingl.com 

Tesla Lightning t4 tine 
2 to 3' Spark Discharges 
12 VDC/115 VAC/battery 

Safe High Frequencies 
Adjustable Output and Optional Timer 

TLITE Plans...$(1.00 TLREIK- Kit/Plans $39.95 
TLITEIOAssembled and Tested $54.95 

Ion Ray Guns 
Star Wars Technology Directs Energy 

_ICI 
Star Wars Technology Demonstrates Weapons 
Potential, Force Fields, lonMotors, Antigravity etc 
Projects electric shocks without contact!! 
Conduct many weird and bizarre expenments. 
Handheld battery operated and easy to operate. 

10G9 Plans $10.00 
IOG9KKt/Flans $129.95 
10G90 Assembled/Tested $199.95 

Mind&Brain Controllers 
Incredltable device Turbo charges memory. 
Boost mental powers, Controls stress, Speeds 
up healing processes and Uncover hidden 
potentials. High quality unit with many features. 

PROTEUS Readyto use $199.95 
ORION Lower cost unit $129.95 

Shocker Trigger Ignitor 
Variable 20,000 volt pulser used for 
laser flash tube, spark gap and pyro 
ignitor, garden pest shocker, electric 
fence, snake venom removal etc. 
12 volt battery operation. 
TRIGIK - Kit/Plans $29.95 
TRIG10 - Lab Assembled $49.95 

Now Health Conòfpt 
Pulsed magnetic breakthrough 
provides miraculous healing 
and rejuvenating properties. 
THMAG10 Magnetic Pulser /$24.9 

Mini TESLA Coil 
Lights up a 4' fluorescent 
tube -all without any 
contact!! Yet only 3" tall! 

MTC1K Kit/Plans $24.95 
MTC10 Assembled $34.95 

Ultrasonic Painfleld 
Generators rte. 
For property and 
personal protection. 
Four transducer 
matrix intensifies 
and concentrates 
effect on target area. ti, 
PPF4 Plans $20.00 
PPF4K Kit $199.95 
PPF40 Ready to use $299.9 

3 MI Voice Transmitter 
Crystal clear .' Many 
applications. Easy to build 

FMV1 Kit and Plans..$39.95 

ody Heat Telescop 
Detects living bodies over 
300' Heat leaks etc. Built in 
chopper and sens control 

BHT6 Plans..$10.00 BHT6K Kit....$Ye.95 
BHT60 Ready to use $149.95 

UItB e tG:: L 

30 to 50x brighter than most red po 
Full 5 mw range in excess of 6000 feet T! 

Includes x7 range extender plans and lenses 

LAPNGR5 Pointer.... $Call for Price!! 

Low Cost 100,000 V9Et 
DC Supply 
Amateur experimenters source 
of HVDC for many applications 

100,000 volts al .2ma 

Built in dry filled multiplier. 
Operates on 12vdc or115vac 

HVOLTI - Plans $840 
HVOLTIK -Kit/Plans.....$1493$' 
HVOLTIO - Assembled....$249.95 

Combo Tesla Coil, Jacobs 
Ladder, Plasma Tortiusdo 
Amazing and bizarre 
effects turn a normal light 
bulb into a spectacular 
plasma display!! With 
adjustable frequency 
control. Safe 12vdc input 

TCLS Plans..$5.00 TCL5K Kit/Plans..$59.95 
TCL50 Assembled and Tested $99.95 

Mass Driver 

Above photo shows burst 
impact of Mass Driver 

Can Crusher 
A can is crushed into the shape of an hour 
glass demonstrating the awesome power of 
magnetics. Very popular demo ìn science 
museums as users get to crush and keep 
their own can. Kids love this!! 

Wire Exploding 
Generate pyrotechnical explosive blasts for 
many applications. Create a new artistic 
concept. Uses our unique high energy 
pulser shielded explosion chamber. 

HEP9 High Energy Pulser...$20.00 
Plans pack Includes above MASSI Mass 
driver, CANCRUI Can crusher and 
WIREXPLODI Wire exploder /Blast art 
plans. We stock all parts, kits and corrpleted 
units for the above items. 

Above HEP9 pulser is used for : 

EMP / HERE Generation, Build a Rail or 
Coil Gun, Electrothermal Gun, High Power 
Pulsed Laser , Mass Warping etc etc 

Information Unlimited PO Box 716 Amherst N.H. U.S.A. 03031 E -mail <info1gxtdl.com> 
1 800 221 1705 Orders /Catalogs Only! Fax 1 603 672 5406 Information 1 603 673 4730 Free Catalog on Request 

Pay by MC, VISA, Cash, Check, MO. Add $5.00 S&H . Overseas Contact for Proforma 
CIRCLE 220 ON FREE INFORMATION CARD 

Varlabie DC 

1 Function Generator 
Sine /Square /Triangle 

I Pube TR 

Two Digital 
Pullers 

larger 
'Breadboard Area 

REMOVABLE! 

Triple Output 
DC Power Supply 

High $ Low 
Logic Indicators ; 

Audio Speaker j 

-. I (, .meet 

44,444 ti._.1 \. 
8lndirhiva 

SPDT Logy Swrtrhr, 
IQK& Ih 

l'otcntiomciers sPDT Switch 

Feature -rich Circuit Design Workstation 
Ultra -affordable at just $299.95 

Portable Version Available for $319.95 

Our classic PB -503 the complete Proto -Board Design 
Workstation is newly improved. Enhancements Include: an 

8- Channel Logic Monitor, High g Low Buffered Logic 
Indicators, 8 Selectable Logic Switches, and Removable 

Breadboard Socket Plate. This velcro- backed socket plate 
allows for greater circuit design flexibility; order extra to suit 

your needs. 

Traditional instrumentation on the unit includes continuously 
variable Function Generator, Triple Output DC Power 

Supply, along with Switches, Digital Pulsers, Potentiometers 
and an Audio Speaker. The highly functional PB -503 is built 
to last, with an industry best 3 -year warranty along with a 

lifetime warranty on all breadboard sockets. Own the best! 
Order yours today. 

GLOBAL SPECIALTIES 
INSTRUMENTS 

1486 Highland Avenue Unit 2 

Cheshire, CT 06410 
1.800.572.1028 

203.272.4330 FAX 

www.globalspecialties.com 



World's Smallest 
68HC11 

Microcontroller 
Modules! 

MicPoStampllTM 

telemetry 
microrobotics 

smart toys 
animatronics 

model railroading 
home automation 

tiny, light- weight (0.5 oz.) 
1 -inch x 1.4 -inch 68HC11 module 
on -board 5V regulator 
8MHz crystal (9.83MHz on Turbo version;. 
choice of 8K or 32K EEPROM 
32K RAM + 32K EEPROM on 64K version 
plugs into your breadboard like a DIP 
SCI (UART), SPI, Output Compares, Input 

Captures, harware timer, pulse accumulator 
all 14 I/O lines and 2 interrupts brought 

out to versatile 20 -pin connector 
program in BASIC, assembler, or C 
easy code -loading with Docking Module 
Starter Packages:* 
8K EEPROM ( #MS11SP8K) $49 
32K EEPROM (#MS11SP32K) $77 
32K EE +32K RAM ( #MS11SP64K) $90 

includes MicroStampll, manual, PC software (free - 
ware assembler, SEAS /C compiler, MicroLoad utility, 
and sample programs), serial cable, Docking Module, 

and accessories. 
Attention OEMs: 

Embed MicroStampll modules into your product! 
only $20 each (100 -pc. price, 8K version) 

111111111/1111 
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tiny 2 -inch x 2 -inch 68HC11 module 
12 Inputs /outputs plus 8 analog inputs 
RS232, 5V regulator, 8MHz crystal 
32K SRAM plus 8K or 32K EEPROM 
plugs into your breadboard like a DIP 
easy programming from any PC 

ideal for building MicroMouse robots 
now available in Turbo version (9.83MHz) 

8K Starter Package #MC11SP8K $68 
32K Starter Package #MC11SP32K $93 
Motor driver boards, LCD /keypad /keyboard 
interface & prototyping cards available 

oa°°ò 
oa 

Techoological 
Apto 

Many other modules & accessories available. 
Visit our webste at: 

www.technologicalarts.com 
sales @technologicalarts.com 

TOLL -FREE: 1- 877 -963 -8996 
Phone: (416) 963 -8996 

Fax: (416) 963 -9179 
Visa MasterCard Discover Amex 

COPY RENTAL TAPES WITH 
OUR VIDEO STABILIZER 

-800- 906 -6664 www.modernelectronics.com 

FREE CATALOG! 
#-BEST DEALER PRICING! 

- DISCOUNT_ PRICING! 
30 DAY FP' TRIAL! 

*, 
f AAo7 MONEY BACK 7 GUARANTEE 

VISA 

Eloc 
50,000 Count 
with 0.05% 

Accuracy 

True NIS 

RS -232 
Interface with 
Dual Display 

The Protek 
608 Omm 

All This for 5249 fit 
NOW 5189 °° !!! 

LIMITED TIME OFFER, 

ORDER NOW! 

608 

nn 

Model 608 

Featuring... 

17 Segment Bargraph 

Display 

Software Programmable 

Peak Hold 

Capacitance Range 

Duty Cycle 

Pulse Width 

Low Power S2 

Measurements 

Conductance Mode 

Backllt LCD 

Frequency Counter 

Temperatures 
Measurements 

Diode Test 

tre Nlrllpl Tett Source 

TS1 
Test Supply, Inc., 9649 Glendower Ct. Laurel. MD 20723 301,- 317 -4718 

EZ -EP DEVICE PROGRAMMER - $169. 5 

Check Web!! -- www.m2l.com 

Fast - Programs 27C010 in 23 seconds 

Portable - Connects to PC Parallel Port 
Versatile - Programs 2716 -080 p'us EE 

and Flash (28F,29C) to 32 pins 
Inexpensive- Best for less than 5200 

Correct implementation of manufacturer 
algorithms for fast, reliable programmi ig 

Easy to use menu based software has binary 
editor, read, verify, copy, etc. Free updates via 
bbs or web page. 

Full over current detection on all device power 
supplies protects against bad chips and 
reverse insertion. 

Broad support for additional devices using 
adapters listed below. 

Available Adapters 
EP-PIC (16C5x,61.62x,71.84) $49.95 
EP-PIC64 i62-5.72-4) 539.95 
EP- PIC12(12C50x) .539.95 
EP- PIC17t17C4x) $49.95, EZ-EP 

M'L ELECTRONICS 
Lai Ave.. . 

EP- 51(E751 C511 $39.95 
EP- 11E168HC11 E /A) $59.95 
EP- 110165HC711 031 $39.95 
EP- 16(16ón 49pin EPROMS) 549.95 
EP- Z8(Z8SE02.3.4,6.7,8) 539.95 
EP- SEE2(93x.24x,25x.85x) $39.95 
EP- 750(87C750.1,2) $59.95 
EP- PEEL(tCT22v10,18v8) $59.95 
EP- 1051159C1051,2051I $39.95 
EP -PLCC tPLCC EPROMs) ;49.95. 
EP -SOIC (SOIC EPROMS) 349.95 

Many Other Adapters Available 

M2L Electronics 
9701259.0555 Fax: 9701259-0777 

250 CR 218. Durango. CO 813011 
CO doers add 7% sales lax. 

hup: / /www.m2l.com 69 
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CALL TOLL -FREE 

(800) 292 -7711 
Orders Only 

CALL OR WRITE 
FOR OUR 

FREE 
Se Habla Español 64 PAGE CATALOG! 

P Secure On -line Ordering @ cs- sales.com 800 445 -3201 

Digital Multimeters 
Elenco Model M -1740 

519.95 
11 Functions: 

Cap to 20oF 

Ac/OD VaYege 

AG/DG Curren, 

dude tes, 

transistor Tes, 

Maras 
safety sows 

Elenco Model LCR -1810 

$89.95 
Cap O lpF Ip 20,,F 

incluctawa tpatw3-,i 

0.01. 
lo .0Mu 

a 0.0t 

to 75 
temperature 2p qC,. 
oc vons c . 20v 

to tSMn 

erode/AUdiNe 
con6 y 

Elenco Model LCM -1950 

C O 0 J 

$65 
Large 1" 33.4 
Digit LCD 

Autoranging 
Freq. to 4MHz 

Cap. to 4000F 

Inductance to 40H 

Res. to 4.000Mal 

Logic Tesi 

Diode 8 
Transistor Test 

udlhle 
c,n wry Test 

LCR Bridge 
B &K Model 878 

$229 
ely mea 

sures capac,- 

and 
rnoluctance 

Mea ures dissi 

Test Equipment 

Deluxe Soldering Stations 
Elenco SL -5 Series 

Electronically controlled, ideal for professionals, students, and hobby- 
ists Available in kit form or assembled. 

Works w/ any 
iron! Turn any 
soldering iron 
into a variable 

iron. 

Quantity 
Discounts 
Available 

Elenco Four Functions in One Instrument 
Model MX-9300B 

Features: 
One instrument with four lest 
and measuring systems: 

- 1.3GHz Frequency 
Counter 

2MHZ Sweep 
Function Generator 

Digital Multimeter 

- Digital Triple Power 
Supply 

$450 
1 

Elenco Handheld 
Universal Counter 

1MHz - 2.8GHz 
Model F -2800 

Elenco 3MHz Sweep Function Generator 
with built -in 60MHz Frequency Counter 

Model GF -8046 

$199.95 
Generates square, tri- 
angle, and sine wave- _ 
forms, and TTL. 
CMOS pulse. 

GF -8025 - Without Counter $139.95 

20MHz Sweep / Function Generator 
with Frequency Counter Model 4040A 

0.2Hz to 20MHz 
AM 8 FM Modulation 
Burst Operation 
External Frequency 
Counter to 30MHz 
Linear and Log Sweep 

10MHz Model 4017A 
5MHz Model 4011A 
2MHz Model 4010A 

$325 

$259 

$225 

$445 
BK PREMSpN 

$99 
Sensitivity: 
<1.5mV a r00MH 

<5mV O 250MHz 

<5mV ®1W-1z 

<100mv ®2 auee 

Features 10 digit display. 16 segment and RF 
signal strength bargraph. 

Includes antenne. NICad battery. and AC 
adapter 

C -2800 Case w/ Belt Clip $14.95 

Elenco Quad Power Supply 
Model XP -581 

4 Fully Regulated Power Supplies in I Unit 

F $75 
4 DC Voltages: 3 eyed; 5V O 3A, 0120 O 

1A. r varrable, 25 - 20v 0 2A Fully 
Regulated 8 Short Protected Voltage 8 

Cunent Meters All Metal Case 

Elenco Power Supply 
Model XP -603 

$75 
0-30VDC ® as Output 
3A Fused Current Protection 
Current L1m41ng Short Protection 
0 02ret Output Impedance 

Elenco RF Generator 
with Counter / 100kHZ . 150MHz) 

Model SG -9500 

$225 
Features ,ntemal AM mod. of 1 kHz, RF 

output 100MV - 35MHz. Audio output l kHz 
ì IV RMS 

SG -9000 (analog, w/o counter) 5119 

Elenco Oscilloscopes 
Free Dust Cover and 2 Probes 

5132525 VOS Dual Tracs 5325 5 ,345 a0 Hr Delayed Sweep 5549 

S-1330 75571-17 Relayed Sweep 5439 5- 1360510MHz Cwt.ed Sono 5725 

Elenco 10Hz - 1MHz 
Digital Audio Generator 

Model SG -9300 

21111111X11 

$225 
Features built -in 150MHz frequency 
counter. low distortion and 
sine /square waves. 
SG -9200 (woo oounloll $119 

Ordering Information: 
Model SL -5 - No iron. 
(Kit SL -5K) 

As Low As 

$24.95 
Features: 

Cushion Grip Handle 
Soldering Iron (optional) with 
Grounded Tip for Soldering 
Stalk- Sensitive Devices. 
Fealty Replaceable. Uses 
Lotgg -Life, Plated Conical Tip. 

Heavy Steel, Non -Slip Base. 

Iron. Holder Funnel - 

Reversible, left or right side. 

Steel Tray for Sponge Pad. 

Sponge Pad. 

Model SL -5 -40 - Includes 40W UL iron. 
(Kit SL- 5K -40) 

$24.95 

$29.95 

.0 
$79.95 

Elenco Model SL -30 
Tip temperature changeable from 300 F 

(150 "C) to 9005E 1480 G1. 

Temperature is maintained within . 10 1 

of its preset temperature 

The tip is Isolated from the AC line by a 

24V transformer. 

The tip is grounded to eliminate static 
Charges. 

SL -10 - Same as SL -30 w/o digi- 
tal display $54.95 

Weller® Low Cost Soldering Iron 
Model WLC100 

Variable power control 
produces 5 -40 watts. 

Ideal for hobbyists, 
DlYers and students. 

Complete with 40W iron. 

$34.95 

Deluxe 29pc. Computer Service Tool Kit 

$36.95 
Elenco Model TK -1200 

Includes Soldering Iron, Solder, Long 
Nose Pliers, Diagonal Pliers, 11 pc. 
Screwdriver Bit Set, Wire Stripper, IC 
Inserter, IC Extractor. Screwdriver. 
Phillips Screwdriver, Desoldering 
Pump. and morel. 

Guaranteed Lowest Prices 
UPS SHIPPING: 48 STATES 5 °a (Minimum $5.00) 
OTHERS CALL FOR DETAILS 
IL Residents add 8.25% Sales Tax 

SEE US ON THE WEB 

Elenco Educational Kits 
Model MC-150 

Digital I Analog Trainer 

'89." 

830 -pin Breadboard 
8 Data Switches 
8 LED Buffered 
Readouts Model M -1005K 
Built-in Function DMM 
Generator Ti..... 0000 

(sine and square wave) : :. .,, .<,, 

Built -in Clock 
Generator 
Variable Power Supply 

OWI Model OWI-007 
Robotic Arm Trainer 

Model AK -780K 
Two IC Radio Ka 

Model AK -700 

Ï 
Flare 

sr e'Tone Ori 

Flashing Neon lights 
Great School Project 

---- $14.95 

Model RCC -7K 

Radio CcnTrol Car Hit 

527.95 

mriuned ew` 

Model K4001 
7W Amplifier 

$189s 

$12.95 

C &S SALES, INC. 
150 W. CARPENTER AVENUE 

WHEELING, IL 60090 
FAX (847) 541 -9904 (847) 541-0710 - http://www.cs-sales.com 

Electronic Science Lab 
Maxitronix 500 -in -1 Electronic Project Lab Model MX -909 

Everything you need to build 500 exciting electronic projects: 
Learn the basics of electronics. 
different electronic experiments, spar,., 
lighting effects, radio transmitter and 

s sound effects. cool games and 
MORE 

Includes built-in breadboard and an LCD. 

Explore amplifiers, analog and digital 
,Ircuits plus how to read schematic 
diagrams. 

Includes 11 pans. 

Lab -style manual included. 

Requires 6 "AA" batteries. 

MX -908 - 300 -in -1 Lab__... 

MX -907 - 2004n.1 Lab...._ 

MX -906 
- 

130 -in -1 Lab...... 

EP -50 50 -,01 Lab 

$59.95 

$44.95 

$29.95 

518.95 $149 
15 DAY MONEY BACK GUARANTEE 

2 YEAR FACTORY WARRANTY 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 

CIRCLE 290 ON FREE INFORMATION CARD 



ALL ,- ® ></ -- 
ELECT-ROW-Cs 
C O R .15 .O' R A T I O N 

SHOP OUR ONLINE STORE 
www.allelectronics.com 

Great Price! 60 Watt 
Switching Power Supply 

Autec # UPS61 -1004 T 
Input: 115/230 Vac1. 
Outputs: 3.3V @ v x. 
4A.5V @2A. L` ^`rp 
12V @ 3A, 32V @ 5 mA. , 
New open -frame switching _ 
supply. 5" x 3.46" x 1.68." 
"Panasonic -type" two conductor receptacle 
for AC input. can be hardwired if desired. 
Fused input. 10 conductor molex -type plug 
output. Ferrite bead for EMI suppression on 

output wires. Large quantity available. 

CAT # PS -70 

4 50 
case of 48 pieces 

for $3.50 each 
each 

Piezo Alarm 

Audible piezo alarm emits a solid. 
high -pitched tone of low to medium o 
loudness. Operates on 3 -15 Vdc. \---/ 
0.54" diameter x 0.3." PC leads on 
0 3" centers 

I CAT# SBZ -412 

25 
each 

100 for 85¢ each 
500 for 75¢ each 

Cheap (yet effective) 
LED Flasher 

The simplest electronic flasher ever 
Great for attention getting .1 

I 

displays, party /` 
decorations, night 
time warning signals. , 
A red 5mm LED 

I.. 

with flasher chip is ' 
attached to a battery snap 
that snaps onto a 2 AA cell battery holder. Will 
Flash for months on a set of batteries. Flash 
rate, approximately 120 flashes per minute. 
Batteries not included. CAT# FSH -10 

OQ 
each 

100 for 70¢ each 
500 for 600 each 

1000 for 50¢ each 

ORDER TOLL FREE 

1- 800 -826 -5432 
CHARGE ORDERS to Visa, Mastercard, 

American Express or Discover 
TERMS. NO MINIMUM ORDER. Shipping and handing for me 
48 continental U S A. $6 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. Ouantitiea 

Limited. NO COO Prices subject I 

CALL, WRITE to change without nonce. 

FAX or E -MAIL MAIL ORDERS TO: 

for our FREE ALL ELECTRONICS 

96 Page CORPORATION 

CATALOG 
P.O. Box 567 

Outside the U.S.A. Van Nuys, CA 91408 
send 53.0o postage. FAX (818)781 -2653 

e -mail allcorp @allcorp.com 

Study for a Career in 

1flnter' 

lngìneerìng" - 
Vibe heart of New York City 

sforthaall 20021emester! 

In the Department of 
Computer Engineering Technology at 

New York City Technical College 
the place to get your Baccalaureate Degree (BT)! 

You can take courses in: 

Electronics 
Microcomputer Systems 
Electrical Desicn 
Instrumentation 
Ccmputer Control of Electromechanical Devices 

At one of the unique colleges within the 

City University of New York! 

You can call us at I (877) NYC TECH 
For information and an application 

CIRCLE 235 ON FREE INFORMATION CARD 

HIGH QUALITY FM 

1990 BROADCAST EQU PMENT 
- SINCE - 

You know you want it! We've got it: LPFM & High Power, 
Stereo FM Transmitters, RF Amplifiers, Low Pass Filters, 
Antennas, Mixing Boards, Microphones, CD Players, 
Compressor /Limiters, Digital Reverbs, Automation Software, 
Studio to Transmitter Links, Emergency Alert Systems, 
RF Test Equipment, Kits, RF Parts, and much more. 
Best Prices, Highest Quality. G ve Us A Call or Buy It Online... 

www.progressive -concepts.com 
305 SOUTH BARTLETT ROAD, STREAMWOOD, IL 60107 

VOICE: (630)736 -9822 FAX: (630)736 -0353 
ONO 
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