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FCC Course with Certificate 
A Powerful 19 Lesson Self -Study Program on one CD! 

FCC Exam Review Course 

After completing this course you will be ready to take the FCC 

examination for a General Radiotelephone Operator License. 

The General Radiotelephone Operator License is required to 

adjust, maintain or repair any FCC licensed radiotelephone 

transmitters in the aviation, maritime and international fixed 

public radio services. It is issued for the lifetime of the holder. 

Through the years Cleveland Institute of Electronics (CIE) has 

been able to compile a great amount of information concerning 

the types of questions that the FCC include in their examinations. 

Because of the extensive FCC sample questions in this course, 

you can look forward with confidence to passing the FCC exam 

particularly if you heed the hints given throughout the course. 

Here's what you'll get! 

19 FCC Lessons on CD ROM 

Every lesson is presented in a clear and easy -to- understand 
format which makes learning this material fun and easy. After each 
lesson you'll take an exam. You can take it on -line or fill out one of 

the answer sheets we provide and mail it. After you finish the 19 

lessons we'll send you a Certificate of Completion from CIE. 

CIE Instructor Assistance: 
Use our toll -free hot line to access our faculty and staff if you ever 

need assistance with your course work. 

Priority Grading: 

Your exams will be graded and sent back to you within 24 hrs. 

Certificate of Completion: 

Earn a Certificate of Completion that's suitable for framing. 

Why is an FCC License so valuable? 

An FCC license is an excellent credential for career advancement 

because it's proof of a certain level of electronics know -how. 

Because it is a federal examination, the FCC license with its 

implied knowledge is accepted by industry nationwide. 

Learn 
PC Repair 

PC Diagnostic Video 

200 + Page Training Manual 

PC Assembly & Configuration Video 

Micro -Scope Diagnostic Software (LE) 

CD -ROM - contains videos and manual 

02 -020 $99.95 
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Lesson Topics Include: 

Modern Modulation Methods 

Receiving Equipment 

Batteries, Control Motors & 

other Power Sources 

Digital & Data Commun. 

Frequency Modulation 

Transmission Lines & 

Wave Guides 

Transmitters 

Antennas & Wave 

Propagation 

Monochrome & Color TV 

Microwave Comm. Systems 

Tuned -Staged Operation 

Motor - --- - 

Controls --In!' !ol 
This CD ROM trainer uses pictures, 

sounds, animations & interactive circuits 
to teach you the basics of motor control. 

A Certificate of Completion may be 

printed on your printer if you achieve a 

passing score on the included test. 

02 -050 (not a CIE certificate) $99.95 

Suppressed - Carrier 

Modulation and Single 

Detection & Frequency 

Conversion 

Lasers in Communications 

& Industry 

Communications by 

Fiber Optics 

FCC Review Lessons Pt 1 

FCC Review Lessons Pt 2 

Pointers & Practices for 

Passing FCC G.C. Exam Pt 1 

Pointers & Practices for 

Passing FCC G.C. Exam Pt 2 

More CIE Certificate Courses 
AC /DC Electronics Course with Lab 
03- introb (39 graded lessons w/ ceri) .. $225 

Intro to Web Site Design 
01 -M410 (10 graded lessons w/ cert) .. $245 

Sodlering Course with Lab 
01 -SDO1 (3 graded lessons w/ cert) $95 

Programmable Controller Course 
01 -SDO1 (1 graded lesson w/ cert) $65 

Digital Data Communications with Lab 

01 -DD01 (11 graded lessons w/ cert) .. $245 

CIE Bookstore: 1776 E. 17th, Cleveland, OH 44114 800 32 I -2 155 www.ciebookstore.com 
Shipping & Handling: $0 - $30 $2.75, $30.01 - $50.00 $5.25, $50.01 - $100.00 $1 1.75, $100+ $15.75 CA, Hl & OH residents must add sales tax. 
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FEATURES 
ULTRASONIC LISTENING DEVICE Marc Spiwak 25 

Hear insects, electrical relays, and other sources of ultrasonic noise with this hand -held parabolic receiver. 

September 2002, Vol. 3, No. 9 ular ElectronicS` 

p Ironies 
SIX -VOLT STROBE LIGHT Paul Florian 21 

You'll find the plans for a palm -sized circuit with a transformer that steps up from six to 300 volts. 

BUILD THE TACH -PLUS DIGITAL TACHOMETER Robert Nance Dee 31 

Use this electronic gadget for accurately measuring RPMs on your test bench. 

PRODUCT REVIEWS 
GIZMO® 7 

Check out the latest in audio /video consumer electronics, for your home and on the go. 

DEPARTMENTS 
PROTOTYPE 10 

Explore the latest advances in high -tech threat detection, robotics, and microcontrollers. 

COMPUTER BITS Peter Pietromonaco 14 

See how the current Macs and PCs compare to each other when it comes to features and functions. 

PEAK COMPUTING Ted Needleman 16 

Here are some tips on products for digital photography from HP, Olympus, and Logitech. 

SURVEYING THE DIGITAL DOMAIN Reid Goldsborough 18 

Striking a chord of balance between computer addiction and productive computing. 

ALL ABOUT William Sheets and Rudolph F Graff 36 

This introduction to RC timers and timing circuits will have you experimenting in no time. 

Q &A Dean Huster 41 

Browse this forum of open discussions relating to electronics theory, experimentation, and practice. 

PIC -TRONICS TJ Byers 45 

Here's a way to use a PIC- controlled sensor for measuring relative humidity. 

AMAZING SCIENCE John lovine 50 

In Part 3 of the The Bi -Pedal Walker Robot the author discusses gait and actuation of limbs. 

SERVICE CLINIC Sam Goldwasser 53 

Examine the case file for a feisty RCA television that had seen better days. 

BASIC CIRCUITRY Charles Rakes 57 

Find out how to build the biggest seven- segment display this side of the beanstalk. 
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On My Command... 
Energize, Scotty 

Welcome to the dawn of teleportation. Reports have been confirmed that 
physicists at the Australian National University (ANU) successfully 
employed a technique known as quantum entanglement. This process 
broke a particle of laser light down and reconstructed it at a different 
location. Credit has been given to IBM Labs for its theories of teleporta- 
tion established in 1993, but not until June of 2002 has anyone reported 
a successful experiment. Researchers say that quantum entanglement 
will be an important factor in quantum computing. Teleportation of light 
will be primarily used for the instantaneous transfer of data riding along 
light carriers. As far as teleporting humans, scientists warn that they have 
yet to perfect the transfer of a single atom, let alone the zillion or so it 
takes to make one fleshy unit (aka human). Well then, what was that 
about the Philadelphia Experiment being a hoax? Just teasing, gang. I've 
always said that science fiction is just reality with an unlimited budget. 

What wonders wait for us, as smart alloys abound, organic chips shrink 
to microscopic proportions, and the properties of light are mastered? 
Chances are (if this planet doesn't melt by the time this Editorial hits the 
stands) we are all going to witness some mind -blowing advances in the 
next decade. There are already experiments being conducted in the field 
of cyborgenetics that aim to meld man and machine, and companies like 
Microsoft and Verizon are working to merge the fields of communications 
and entertainment all into one wall jack. The world of Stanley Clarke's 
2001: A Space Odyssey is right outside our door. Question is: do we real- 
ly want to open it? 

In our magazine... 

This month we are happy to offer our readers three hands -on projects for 
their constructing pleasure. There are plans for a parabolic receiver 
capable of detecting ultrasonic noises, a strobe light that runs on four AA 
batteries, and a tachometer that has many practical uses around the lab. 
Along with these three projects, you'll also find circuits for timers, robot- 
ic ambulation, humidity sensors, and custom seven -segment displays. 

Enjoy, 

a{4, 

Chris La Morte 
Managing Editor 



NEW GEAR 
For more information go to page 80A 
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Air Ion Counter 
Useful for detecting radon, the 
Air Ion Counter ($495) pulls air, 
or any other gas with ions pre- 
sent, through a parallel -plate 
assembly. The outer two plates 
are held at polarization poten- 
tial, while the center is the linear 
detector plate. Accuracy is ±25% 
for fast ions -the counter is less 
sensitive to slow ions such as 

charged pieces of dust. Ion col- 
lection efficiency is 65 %. 
ALPHALAB, INC. 
Attn: David - PT 
1280 South Third West 

Salt Lake City, UT 84101 -3049 
808 -874 -9126 
www.trifieldmeteramt/Airlon.html 

CIRCLE 60 ON FREE 

INFORMATION CARD 

Initialled Probe Meter 

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

Multi -Nut Plier 
Made of stainless steel with 

cushion PVC grips, this 
Multi -Nut Plier ($14.95) is designed 

for home or professional 
use -mechanics, repairmen, 

electricians, and hobbyists. A companion tool that is invalu- 
able for holding larger bolts and torquing down smaller ones, 
it is instantly ready to use with no adjustment necessary. Its 
V- shaped jaws also hold hard -to -reach heads when tighten- 
ing bolts. 
JENSEN TOOLS 

781 5 South 46th St. 
Phoenix, AZ 85044 

602 -453 -2542 
www jensentools.com 

CIRCLE 62 ON FREE INFORMATION CARD 

Soldering 

Systems 
The Heatce ($250) and TempWìce 

($350) Soldering Systems feature the TC 
100, a slim, ergonomically cor- 
rect handpiece and the smallest 

footprint available. The Heat - 
Wise system has interchange- 
able power modules that allow 
the user to change performance 

levels without changing tips; 
while the TempWise system 
has a programmable digital 

display and InstaCal, which allows 
for calibration in less than ten seconds using a highly 
accurate, platinum RTD sensor. Both can be mounted 
under a bench or shelf using the optional power- source 
mounting bracket. 

This pocket -size Infrared Thermometer; 

Model 403265 ($159), features a 

built -in laser pointer to improve aim. 
Infrared readings range from -4° to 
1022° F with 1° resolution; and mea- 
surements are displayed on a large 3 ?- 

digit backlit LCD with data hold. An alarm 
sounds when temperature 
exceeds the programmable 
high and low set points, and 
emissivity is adjustable from 
0.1 to 1.00 to cover just about 
any surface application. It 
comes complete with batteries 
and carrying case. 
EXTECH INSTRUMENTS 
285 Bear Hill Road 
Waltham, MA 02451 -1064 
781- 890 -7440 
www.extech.corn 

CIRCLE 63 ON FREE 

INFORMATION CARD 

PACE 
9893 Brewers Court 

Laurel, MD 20723 -1990 
301 -490 -9860 

www.paceworldwide.com 
CIRCLE 61 ON FREE INFORMATION CARD 

Power Supply Nit 
Combining safety and functionality 

with convenience and economy, the 
Model TLPS Power Supply Accessory Kit 

($39.95) provides an initial selection of 
accessories commonly used with popular 

power supplies. Ideal for use with power sup- 
plies in educational, service and mainte- 

nance, and manufacturing applications, 
the kit includes fully insulated and stan- 
dard alligator clips, silicone leads, 
spade -lug adapters, and banana -plug 
adapters. The kit is enclosed in an easy - 
to -use package. 
B &K PRECISION CORP. 
22820 Savi Ranch Parkway 

Yorba Linda, CA 92887 
714- 921 -9095 

www.hkprecision.com 
CIRCLE 64 ON FREE INFORMATION CARD P 3 
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NIVIS 
A PEEK INTO THE GERNSBACK ARCHIVES 

1900 

Dateline: September 1952 (50 years ago) 1910 
The Today Shows modern electronic communi- 

cations center is a highlight in this issue of Radio 
Electronics. Equipment in the news hub included 
tape recorders, teletypes, and even facsimile 
machinesl Also, a brief clip describes the U.S. 
President's new communications car on his train, 
designed by the Army Transportation Corps. The 
Chief could communicate with anyone in the coun- 
try thanks to multiple antennas and then- sophisti- 
cated receiving and transmitting equipment. 

',UM' THIS $40 IC FUNCTION GENERATOR 

CTRONIC WATCHDOGS EXORCISE TV GHOSTS 
'rotect Your Home Caused By Mismatch 
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Dateline: September 1992 (1 O years ago) 
Imagine ordering a pizza, taking part in a poll, or 

competing on a game show, by talking to your TV 
set from your living room couch! The dawning of 
interactive TV is explored a decade ago in Popular 
Electronics, with a black box called TV Answer 
supposedly coming on the market soon. Still no 
sign of it yet! "Computer Bits" discusses the receaim 
strides in programs like Microsoft Excel 4.0 and 
Visual BASIC, and the pressure on software design- 
ers to build multi -tool applications- programs that 
integrate data bases, word processors, and spread- 2 0 
sheets. 

1930 

1940 

1952 

1960 

ISirr4r - 
[r.rc: rtOONics 

EST IN TELEVISION SERVICING AUDIO 

[[er[MS[s .ea] 

In /41 ,....: r..w..rr sr.ws.aa Pare..... 
Pitture Tube aW.....a. Ra,r..e aro.ro. 

Dateline: September 1972 (30 years ago) 
This Special Color TV issue of Radio 

Electronics features automatic tint control, new 
circuits, Trinitron vs. Shadow Mask picture tubes, 
and plug -in modules. On the VCR movement, the 

1 9 7 
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a va 

is on to 
ideocassette 

see which manufacturer can produce 
player that is cheap enough for 

widespread, household use. Motorola, Mitsubishi, 
Toshiba, and Sony are in the running. Prices are 
averaging $1000 for playback only machines and 

sue` even higher for those with recording capability. 
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NEW LITERATURE._ 

Robot Teams 
by Lùcker Balch and 
Lynne E. Parker 
AK Peters 
63 Sound Ave. 
Natick, MA 01760 
508 -655 -9933 
www.akpeters.com 
$49 
A comprehensive reference 
on multi-robot systems, this 
text explores the maturing 
field of robotics research and 
development and the important issus of cooper - 
tion among robots. Along with the essentials of 
multi-agent robotics theory, there are al;o 
descriptions of exemplary implementd sys- 
tems demonstrating the key concepts of 
multi-robot research. In addition, detailed 
mathematical formulations, photos, cia- 
grains, and source code examples are 
included. 

Digital Signal Processing 
by Paulo S.R. Diniz, Eduardo 
A. B. da Silva, 
and Sergio L. Netto 
Cambridge University Press 
40 West 20th St. 
New York, NY 10011 -4211 
212- 924 -3900 
www.cambridge.org 
$60 
This single, comprehensive 
volume covers all the major 
topics in digital -signal pro- 
cessing design and analysis. 
Taking a modern approach to 
the subject, it includes MAT - 
LAB examples and references 
to other computer -modeling 
tools. Though primarily in- 
tended as a college textbook, it 
is also useful for engineers 
working on the development 
of signal -processing systems. 

The ARRE Extra Class license Manual 

fOO RADIO YNTNM 

' NEV ! 

The 

Theory Of 

Information And Coding 
by Robert J. McEliece 

Cambridge University Press 
40 West 20th St. 

_Vew York, NY 10011 -4211 
212 -924 -3900 

www.cambridge.org 
$60 

Useful for self -study or as a col- 
lege text, this volume is a self - 
contained introduction to all 
basic results in the theory of 
information and coding. After 
a brief overview of the concept 
of coding, the author covers 
channel and source coding 
theorems and specific coding 
schemes. The book includes 
dozens of worked examples 
and several hundred prob- 
lems to be solved. Some 
prior knowledge of 
probability and linear 

lgebra is beneficial. 

TI* TF EORY OF 
INFOIìY7ATIOF 

AND CODING 

by Luny D. Wolfgang, I'f RI B, 

Dana G. Reed, W1 LC, 
and R. Jan Carman, K5MA 

ARRL 
225 Main St. 

Newington, CT 06111 -1494 
888 -277 -5289 

www.arrl.org 
$24.95 

Providing complete license 
preparation materials, this 

book has detailed explanations, step - 
by -step math solutions, and helpful suggestions for 

passing the Amateur Extra Class License exam. 
[here is a new Element 4 question pool with 
over 800 questions and all the FCC rules 

you'll need to know, as well as electronics 
theory and amateur operating practices. 

and 

Jin Sato's LEGO Mindstorms: 

The Master's Technique 
by Jin Sato 

No Starch Press 
555 De Haro St. 

Suite 250 
,1 ,1 Francisco, CA 94107 

415- 863 -9900 
www.nostarch.com 

$24.95 
Covering construction techniques 
in detail, the author, creator of 
the Robotic dog MIBO, illus- 
trates how to assemble bricks, 
motors, gears, and sensors to cre- 
ate more balanced, stable struc- 
tures. Also, learn how to combine 
sensors with the RCX controller 
to create robots that respond to 
the environment; program RCX 
with software like NQC, Robolab, 

legOS; and design LEGO CAD drawings 
and assembly diagrams with MLCad, L3P, and POI- Ray. 
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The ARRL Repeater Directory 
by Brennan Price 
ARRL 
225 Main St. 
Newington, CT 06111 -1494 
888 -277 -5289 
www.arrl.org 
$9 
Containing information nec- 
essary to contact Frequency 
Coordinators and ARRL offi- 
cers, this reference manual 
includes repeater locations, 
frequencies, and other perti- 
nent data for the US, Canada, 
and US territories. There is also information on general 
repeater operating procedures, specialized emergency 
procedures, and locating and effectively overcom- 
ing jamming. In addition, there is a comprehen- 
sive listing of regional frequency coordinators 
and coordination bodies, with Web URLs 
and e-mail addresses, when available. 

sg 

REPEATER 
DIRECTORY 

Digital and 

Microprocessor 

Fundamentals 
by William Kleitz 
Prentice Hall 
One Lake St. 
Upper Saddle River, NJ 07458 
800 -282 -0693 
www.prenhall.com 
$104 
Using simple, easy -to- understand prose 
and many clearly explained examples, 
this text covers the fundamentals of 
both digital electronics and micro- 
processors. There are nearly 1000 
illustrations that explain practical appli- 
cations and problems using industry- 
standard ICs and circuits, and schematics 
that students will encounter on the 
job. The volume encompasses digital 
number systems and representations, logic - 
gate operation and specifications, logic circuits and 
tions techniques, data -control devices, and more. 

YRONlGç 
CQMPANY 

Oser 125.000 
oc4ed Produr,. 

Over 70 
Safes ME. 
Over 100 

fame Das 

Electronic Component Catalog 

the Oal.+,sw,. 

include 

Electronics 

Catalog 

part 
fans; heatsinks; motors; transformers; panel 

meters; and hardware, computer and security prod- 
ucts. In addition, there is solder equipment, hand 

tools, lighting, test equipment, chemicals, 
cleaners, cable, wire, electrical cords, strips, 

and more. 

from Allied Electronics 
7410 Pebble Drive 

Fort Worth, 7X 76118 
800 -433 -5700 

www.alliedelec.com 
Free 

Offering over 125,000 
stocked products available 
for same day shipping, this 
catalog has a comprehen- 
sive product index, new 
product showcase, and 
complete manufacturer's 

number index. Featured items 

from Mouser Electronics 
1000 N. Main St. 

Mansfield, TX 76063 -1514 
800 -346 -6873 

www.mousercom 
Free 

This 600 -page catalog offers a 

comprehensive line of prod- 
ucts and parts from many 
various companies, includ- 
ing Texas Instruments, 
Pomona, Omron, Molex, 
AMP, Mallory, and others. 
Some featured items are 
semiconductors, optoelec- 
tronics, test connectors, 
terminals, sockets, capaci- 
tors, resistors, transformers, 
and inductors. Switches, 
hardware, batteries, and 

power supplies are also included. 

reduc- 

Smart Power ICs: Technologies 

and Applications 
Edited by Bruno Murari 6' others 

A.R. C. 

Springer- V rlag 
175 Fifth Ave. 

New York, NY 10010 
800 - 777 -4643 

www.springer- ny.com 

$109 
A valuable source of infor- 
mation and reference for 
both power IC design spe- 
cialists and those con- 
cerned with applications 
and the development of 
digital circuits and systems 
architecture, this book 
provides a survey of the 

state -of- the -art technology 
in the new family of Smart Power ICs. It 
applications in a variety of fields ranging 
to telecommunications, reliability evalua- 

tion, and qualification procedures. 

Smart 
Power Ks 

and future trends 
describes design, 
from automotive 

P 
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More Music 
Take your favorite music 

along with TDK's MOJO 620 
CD -MP3 digital jukebox ($149) 
that can play up to ten hours 
of music from a single MP3 - 
CD.This ultra -portable player 
features 8- minute ZeroSkip 
shock protection and high -quality 
headphones with a handy remote 
control on the cord itself. Its Navitrak software 
has a big, easy -to -read, four -line backlit dis- 
play that provides song title, artist, album, 
and other information. Users can view Play Model can be wall mounted. In addition to CD, 

its 
CD -R, and CD -RW playback, the D- 107 

This single -play DVD 25 player plays back MP3- encoded CDs with text 

($349) offers many advanced fea- display. Not only a CD- player, it offers 

tures, such as progressive -scan compo 30 station AM /FM random preset 

nent -video outputs, built -in MP3 decoding, tuning and a clock display with an 

CD -R, and CD -RW playback. To deliver everyday /once /sleep timer, as well. 
Denon Electronics, 19 Chapin 

Road, P.O. Box 867, Pine Brook, NJ 

07058; 973 -396 -0810; www.denon.com. 

CIRCLE 52 ON FREE 

INFORMATION CARD 

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

Slim and Trim 
A sleekly designed control 
module, a pair of high -qual- 
ity speakers (each measur- 
ing less than 3X- inches 
deep), and a powered sub - 

woofer can all be found in the Prime Sound Series D -107 
Compact Music System ($749). Brushed aluminum front 

panels are accented by a deep blue, illuminated, hor- 
izontally- displayed control section and CD win - 

S i ng le- dow; and the subwoofer also boasts a curved, 
silver -finish front panel. The entire system 

song lyrics during playback with 
LyriSync feature. 

TDK Electronics Corp., 901 

Franklin Ave., Garden City, NY 
11530; 516- 535 -2600; www.TDK.com. 

CIRCLE 50 ON FREE 

INFORMATION CARD 

Portable 
Power 

Mar 

maximum video quality, it has precision digital - 
video circuitry that reconstructs the 3/2 pull - 
down process and delivers full 60 -frame 
playback.The intuitive on- screen menu system 
and the full- function, back -lit, ergonomically 
designed remote control combine to make it 
easy to use.The DVD 25 offers a wide variety 
of viewing and picture- search options, such 
as four -speed smooth scan; four -speed slow 
motion; frame -by -frame advance; and a 

choice of program -, random -, and 
repeat -play modes. wants professional -level video, the 

Harman Kardon, 250 Crossways DCR- TRV950 Mini DV Handycam 
Park Drive,Woodbury, NY, 1 1797; Camcorder ($2500) creates high -quality 

video with color clarity and detail. This 
three -CCD (charge -coupled device) cam- 

corder uses one million pixels per CCD 
imager and advanced HAD technology. The 

built -in Optical Super SteadyShot pic- 
ture- stabilization system, which 
includes motion sensors, compen- 
sates for camera shake. Optional 
manual controls allow for creativity 
and control; and the person filming 

can override automatic features with options such as 

manual focus, digital zoom, and spotlight compensation. 
Sony Electronics, Inc., One Sony Place, San Antonio,TX 

78245; 888 -222 -SONY; www.sony.com. 
CIRCLE 54 ON FREE INFORMATION CARD 

For The 
Video Buff 

Designed for the consumer who 

Need some power on the go? An 
ideal mobile- office companion, the 
XPower Mobile Plug ($29.99) is designed 
for those who rely on mobile electronic 
devices. This universal AC -power adapter 
plugs into any vehicle's cigarette lighter 
socket and allows users to recharge and 
run cell phones, laptop computers, cam- 
corders, and most palm pilots -without 
the need for multiple adapters.A typ- 
ical car battery will power a laptop 
for about ten to twelve hours. 

Xantrex Technology, 8999 Nelson 
Way, Burnaby, BC, Canada V5A 4B5; 
604 -422 -8595; www.xantrex.com. 

CIRCLE 53 ON FREE INFORMATION CARD 

516-496-3400; 
www.harmankardon.com. 

CIRCLE 51 ON FREE 

INFORMATION CARD 

7 
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GIZMO® - 
Super Sonic 

Promising to satisfy even 
the most demanding 
audiophiles, the SA8260 
Multi- Channel Super Audio 

CD Player ($1049.99) 
offers high -performance design features to deliver maxi- 
mum fidelity and sonic purity.These include copper- shield- 
ed HDAM (high -definition amplifier module) discrete 
output stages, premium components to produce the audio 
signal, and a heavy -duty power supply. Elegantly styled with 
a black, brushed metal front panel, the SA8260 has a 

window that displays SACD and CD text, with a 

full complement of program and play functions. 
It provides six -channel and two -channel ana- 
log audio outputs, as well as digital audio 
outputs and a headphone jack for private 
listening. 

Marantz America, Inc., 1100 
Maplewood Drive, Itasca, IL, 
60143; 630 -741 -0300; www. 
marantz.com. 

CIRCLE 55 ON FREE 

INFORMATION CARD 

See and Speak 
Dress your best for the lat- 
est in video communica- 
tions. The Motion Media 
mm225 Videophone ($2200) 
is designed for people who 
need low -cost videoconfer- 
encing. No larger than a 

standard office phone, the 
mm225 provides clear picture 

quality with frame rates fast enough to 
keep up with sign language for the hearing impaired. 

Two -way data sharing is accomplished with sup- 

Back 
Seat Fun 

port for Microsoft NetMeeting, which allows the 
mm225 to perform its own audio and video 

processing. 
Motion Media Technology Inc., 6714 

What better way to make the Netherlands Drive, Wilmington, NC, 
miles fly by for your back seat pas- 28405;910- 395 -6108; wwwmotionmedia.com. 

senger than with a CIRCLE 57 ON FREE INFORMATION CARD 

movie, video game, 
or T.V. show? This 6.5- 

Sound Sleep 
Wouldn't you love 

the sounds of the 
to 
rainforest, the 

ocean, or even a crackling fire? The 
Travel Soother 20 Radio /Alarm Clock 
($99.95) masks disturbing noises with 20 
innovative sound environments.The AM /FM 
digital PLL tuner has 12 presets; and the 
alarm can wake you to the sounds 
of soother, buzzer, church bells, 
or radio. Illuminated in calming 
blue, the backlit LCD shows 

1 2/24 time, alarm or dual -time, 
temperature, month, and day. 

Other sounds include Summer 
Night, Wind Chimes, and the 
City. 

The Sharper Image (stores in 28 states and Washington, 
DC); P.O. Box 7031, San Francisco, CA 94120 -9703; 800- 
344- 4444; www.sharperimage.com. 

CIRCLE 58 ON FREE INFORMATION CARD 

snooze to 

inch Widescreen Over- 
head LCD Color Display 
($800) has a tilt -down 
screen, wired or wire- 

less headphone outputs, 
adjustable angles, five 
selectable viewing modes, 
accessible controls on the 
console face, and a 

remote control. There are also two over- 
head lights; an anti -glare, low- reflection, 
coated LCD color screen; three A/V 
inputs; and one A/V output. 

Pioneer Electronics, 2265 E. 220th 
St., Long Beach, CA, 90801; 310-952- 

2570; www.pioneerelectronics.com. 
CIRCLE 56 ON FREE 

INFORMATION CARD Cam Bag 
Designed for compact digital camcorders, 

digital, or 35 -mm cameras and accessories, the 
DS -3 Photo and Video Bag ($24.95) is weather resis- 

tant and thickly padded to protect delicate equipment. 
Its adjustable interior offers a custom 
fit; and the front pocket holds spare 

batteries, digital memory cards, and 
more. 

Case Logic, Inc., 6303 Dry 
Creek Parkway, Longmont, CO 
80503; 800 -925 -81 1 1; www.case 
logic.com. 

CIRCLE 59 ON FREE INFORMATION CARD 
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3 -D Animation 

Want to create scenic environ- 
ments and realistic landscapes on 
your PC? The Bryce 5 3D Landscaping 
and Animation Program ($299) lets 
you do just that, as well as Web ani- 
mations, thumbnail images, orgaric 
shapes, virtual tours, and more. 
Powerful and easy to use, you can 
add natural -looking mountains, bod- 
ies of water, skies, fog, trees, and var- 
ious terrain to your images with 
preset collections and image- editing tools. 
Images can be imported as 2D from a 

variety of formats, and then trans- 
formed into 3D and incorporated into 
your scenes. They can also be ren- 
dered on multiple computers simul- 
taneously to save time. 

Corel Corp., 1600 Carling Ave., 
Ottawa, Ontario, Canada, K I Z 
8R7; 800 -772 -6735; www.corel.com. 

-9 

P -Touch 
Label Printer 

Vacuum -Tube 
Motherboard 
Back to the future -the return 

of the vacuum tube.Targeted 
to audiophiles and 

extreme gamers, 
the AX4B 533 Tube 

Motherboard ($240) 
creates ultimate sound 

reproduction from a desktop 
PC. The idea started out as a lark...combining the 

warmth and depth of vacuum -tube sound with a 

state -of- the -art motherboard. The tube out- 
put stage couples the two front digital 
stereo output channels with tube output, 

Ready to dive into the world of creating high -quality audio effects -mak- 
customized DVD recording? Featuring ing music come alive and the sound 

DVD -RW drives that are ideal for effects in games feel more immediate. 

video editing and data transfer to blank AOpen America, Inc., 191 I Lundy 

DVDs, the Vaio Desktop PC Model PCV- Ave., San Jose, CA 95131; 408-232 - 

RX780G ($2100) offers a 
125 I ; www.aopen.com. 

variety of configuration 
options with its novice - 
friendly Simple DVD Maker 
software. The included 
Giga Pocket personal video 

recorder allows users to watch 
live TV on their PC while recording shows to 
the hard drive for later viewing. It also pro- 
vides an easy way to capture video from ana- 
log camcorders for editing and DVD 
creation. 

Sony Electronics, Inc., One Sony Place, 
San Antonio,TX 78245; 888-222 - 

SONY; www.sony.com. 

Vaio 
Desktop 

Perfect for creating address, file 
folder, CD jewel case, and other 
labels, the PT- 1500pc Label Printer 
($129.95) includes a built -in photo 
frame that allows users to display 
their favorite pictures on their 
desks. It also features cyber -clipping 
software, a program that captures 
highlighted text from any Windows 
software application, automatically for- 
mats the data to fit the label, and then 
prints it out.The addition- 
al easy -to -use label design 
software imports graph- 
ics, bar codes, and works 
with database files, as 

well. The printer comes 
complete with software, 
printer cable, tape cas- 

aAaw 
sette, and AC power supply. 

Brother International Corp., 100 
Somerset Corporate Blvd., Bridgewater, NJ 08807 -091 I; 
877- 4PTOUCH or 908-704-1700; www.brother.com. 

laheling 
Without Limits' 

Hot Wheels 
Want to relive your Hot Wheels 

days? The Planet Hot Wheels Web site 
allows players to race their car 
against others anywhere in the coun- 
try. With the purchase of a Hot 

Wheels car ($.99 -3.99) or other Hot 
Wheels merchandise, buyers receive a 

special code to enter their car on to the 
virtual race track dis- 
played on the Web. 
Players can continue to 
upgrade their cars by 
cashing in points earned 
by winning races or per- 
forming wild online 
stunts. This online race- 
track and multi -player 
gaming site will also fea- 

four- player races, demolition ture a custom car 
derby, and more. 

Mattel, Inc., 333 Continental Blvd., El Segundo, CA 
90245; 310-252-2000; www.planethotwheels.com. 

show, 

D 

Gizmo is published by Gernsback Publications, Inc., 275 -G Marcus Blvd., Hauppauge, NY 1 1788. Copyright 2002 by Gernsback Publications, 

Inc. Gizmo is a registered trademark. All rights reserved. 9 
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A LOOK AT 

TOMORROW'S TECHNOLOGY 

Business Bun 
BINOPOLY? 
Two giants of the Technology Domain - 
Microsoft and Verizon -have joined forces 

in order to launch a co- branded high -speed 

version of the MSN online service. The ser- 

vice is DSL -based and will officially launch in 

the spring of 2003, offering broadband con- 

tent over filtered phone lines. This merger is 

only one of numerous mergers between 

Web services and phone companies. In early 

June, Yahoo! Inc. co- branded a service 

together with SBC Communications, Inc. All 

of these moves are setting up the inevitable, 

a foreseeable fusion of all communication 
devices in our homes, to include television, 

digital radio, phone service, and Internet 

access. 

SHARP'S ZAURUS SET FOR JAPAN 
Japan's Sharp Corporation will offer it's 
new Zaurus PDA to Japanese customers, 
in a direct assault to Sony Corporation, 
who has been slowly winning the battle of 
the PDAs in Asia. The new PDA from 
Sharp is only 4.45 inches by 2.73 inches 
in size, making it about the size of a busi- 
ness card holder. Open- source fans will 
rejoice at the choice of operating system 
for the new device. It is none other than 
Linux. Competitor, Sony, uses an OS 

developed by Palm, while other compa- 
nies rely on the Windows Pocket PC plat- 
form. Plans are also being made to 

release Sharp's PDAs in China, where 

many Linux developers reside. No talk has 

been heard of a USA release. 

SMALLER AND FASTER 

Chip champion, Intel, has introduced the 

latest and fastest lines of both Pentium 

and Celeron CPUs for PCs and laptops. 
Basing its venture on research that claims 
laptops will outsell desktops at a four -to- 
one ratio in the next four years, Intel has 

begun to flood the market with its latest 

wares. In addition to a 2 -Ghz chip, they 

also offer a Pentium 4 running at 1.90 

GHz for mobile applications, as well as the 

Celeron brand chips, designed for lower - 
priced laptops. The Celerons will operate 

at 1.33, 1.40, and 1.50 Ghz. 

Technology Could Help First 
Responders 

The Medical Reachback System uses a secure 

wireless local area network to transmit vital 
patient information via the Internet from first 
responders to a command post. (Photo by 
Sheree Collins, GTRI.) 

In a chemical or biological attack, there 
are precious few minutes for emer- 

gency medical technicians to save some- 
one's life. Researchers at the Center for 
Emergency Response Technology, 
Instruction and Policy (CERTIP) at the 
Georgia Tech Research Institute (GTRI) 
have developed technologies to help first 
responders during chemical and biologi- 
cal events when seconds count. Recently, 
several of these were demonstrated to 
President Bush and Homeland Security 
Director, Tom Ridge, during the Project 
Atlanta demonstration -a mock chlo- 
rine gas release. Here is a brief descrip- 
tion of each system. 

BioSensors 
Using sensor techniques originally 

developed for monitoring the environ- 
ment and food safety, the CERTIP sci- 
entists designed a shoebox -sized 
integrated -optic sensor to detect the 
presence of chemical or biological 

agents in seconds. The sensor consists of 
a laser light source, a planar waveguide, 
and a detector for monitoring light 
velocity changes produced by a chemical 
reaction occurring on the surface of the 
waveguide. The surface is treated to 
respond simultaneously to a number of 
specific biological and chemical agents. 
Changes are compared with a reference 
beam; then, signal- processing software 
interprets the results to identify the 
agents and their quantity. Currently, the 
sensor can detect chlorine gas and sal- 
monella. With future enhancements, the 
sensor could detect airborne bacteria, 
viruses, anthrax and other dangerous 
substances. 

Wireless Life -LAN 
First responders in the "hot zone" 

A first responder goes through an electronic 
checklist of symptoms using ChemBio Decision 
Aid software running on a PDA. (GTRI photo by 

Stanley Leary.) 



The Situation -Awareness Geographic Information 
System (GIS) tracks the location of people and 
biological or chemical agents. (CERTIP photo.) 

could use the Medical Reachback 
System to transmit vital information 
about "victims" to a command post via 
the Internet, so emergency medical 
technicians on the scene could quickly 
get a doctor's permission to administer 
antidotes. The physicians need informa- 
tion on victims' symptoms and vital 
signs in real time to make decisions. 
Hospital emergency rooms doctors can 
view Web pages displaying victim's 
symptoms and vital signs using an 
Internet browser without any special 
software. For security, data is transmit- 
ted over a private wireless local area net- 
work that requires both encryption and 
authentication. Only a number identifies 
patients, and there isn't any specific 
information that would jeopardize a vic- 
tim's privacy. Security in the event of a 

cyber- terrorism attack is also being con- 
sidered. The goal is to make the system 
affordable enough for smaller agencies 
and departments. Another goal is to 
reduce the size of the system to make it 
more portable than the two suitcases 
now needed for the equipment. 

Triage A la PDA 
With the CERTIP -developed ChemBio 

Decision Aid software running on a per- 
sonal digital assistant (PDA), initially a 

Windows CE -based Palm Top PC, 
EMTs can quickly determine the pres- 
ence of specific chemical or biological 
agents from victims' symptoms. Decision 
Aid asks a series of 14 questions (such as 
whether the patient is sweating, cough- 

ing excessively, etc.,) and prompts res- 
cuers to gather and store basic informa- 
tion (such as whether the patient is 

conscious, male or female, adult or 
child, or perhaps pregnant). Later, res- 
cuers can download this information at 
the command post or medical station. 
Eventually, the PDA would interface 
with the Reachback System to transmit 
the information via the Internet to the 
experts. Decision Aid software can also 
provide information on patient treat- 
ment and site decontamination. CER- 
TIP plans to publish the software as a 

shareware program soon; it will be avail- 
able for a nominal fee. The substance 
sensor will also be integrated with 
Decision Aid software. 

In addition, the Situation- Awareness 
Geographic Information System tracks 
the location of people and biological or 
chemical agents. The system locates the 
airborne release plume, and then calcu- 
lates its dispersion and shows evacuation 
routes. The information is used to create 
electronic maps that superimpose vari- 
ous types of information in layers over a 

common map. Using Reachback's wire- 
less communication link and Decision 
Aid's Palm Top display, the system could 
transmit information like building blue- 
prints and prediction of contaminant 
plume dispersion from command cen- 
ters to Palm Tops carried by emergency 
responders 

Hand -Held RADAR 
Developed originally by GTRI 

researchers to help police officers find 
suspect hiding in buildings, the 
RADAR Flashlight could also help first 
responders find unconscious victims of 
a chemical attack. The RADAR Flashlight 
can detect a human's presence through 
doors and walls up to eight- inches 
thick. The device uses a narrow 16- 
degree radar beam and specialized sig- 
nal processor to discern respiration 
and /or movement up to nine feet 
behind a wall. The device can pene- 
trate even heavy clothing to detect res- 
piration and movements of as little as a 

few millimeters. 

Research Notes 
COSMIC LATTE 

Astronomers at John Hopkins University 

have determined the color of the cosmos as 

being similar to coffee café latte to be pre- 

cise. The official color is "Cosmic Latte" as 

announced by astronomers Karl Glazebrook 

and Ivan Baldry. Ironically, latte is similar to 

"latteo," which means Milky Way in Galileo's 

native Italian. The color was determined after 

light from numerous distant galaxies was 

collected, split by electronic means (similar 

to a prism), and then averaged. Readers can 

visit www.pha.jhu.edu /'kgb /cosspec for 
more information. 

DISGRUNTLED ROBOT ESCAPES 
Gaak, one of twelve robots taking part in a 

"survival of the fittest" test at Magna Science 

Centre in Rotherham, South Yorkshire in the 

UK, was found in the company parking lot. 

Apparently the machine, which has been 

programmed to gradually learn, had left the 

building while a lab assistant's back was 

turned. Gaak managed to force its way out of 

a makeshift paddock, out the front door, and 

down an access slope towards the com- 
pound's perimeter. Luckily a visitor narrowly 
missed running the renegade robot over with 
his car. Professor Noel Sharkey of the Centre 

calmly stated, "...no need to worry, as 

although they can escape they are perfectly 
harmless and won't be taking over just yet." 

ROBOCUP 2002 
RoboCup -a World Cup for robots and 

engineers -introduced its first hominid 
players in six years. This year marked the 

participation of quasi androids. The rules 
include yellow cards for aggressive 
behavior, but offside rules and hooligans 
are not a factor. Each droid is pro- 
grammed to think for itself (there is no 

remote control), as well as react to the 

environment of an indoor soccer field. 
Using cameras to scan the goal, each 

robot attempts to calculate the perfect 
banana kick required for scoring. Kazuo 

Yoshida, a professor of System Design at 

Keio University, says these games will 
help develop robots capable of rational 
thought and a grasp at sense of purpose. 11 
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The RADAR Flashlight could help first respon- 
ders find unconscious victims of a chemical 
attack (GTRI photo by Sheree Collins.) 

A Bit About... 
Georgia Tech research scientist, Tom 

Bevan, who saw the need for new tech- 
nology to assist those who would 
respond first to a terrorist attack or 
major disaster, created the CERTIP 
three years ago. Bevan said a series of 
letter bomb and anthrax hoaxes in 
Atlanta several years ago got him think- 
ing about the problem. The CERTIP is 
funded through a partnership with the 
Marine Corps Warfighting Laboratory 
and Marine Corps Systems Command. 
-by Bill Siuru 

IsoPod Shows 
Promise 

he 1soPod, a tiny 1.2- x 3 -inch con- 
troller board, started shipping in 

June from New Micros, Inc, which has 
been designing and manufacturing 
chips, single -board computers, periph- 
erals, and custom electronics for over 20 
years. Made as small as possible, while 
still maintaining large enough connec- 
tors for easy human access, all connec- 
tors on the IsoPod have .1 -inch spacing. 
About three fifths of the board is cov- 
ered with connectors. The controller 

°O comes complete with a built in high- 
level-language and parallel -processing 

a operating system, IsoMax. 
The board features sixteen General 

o. Purpose Digital I/O lines, two serial 

a channels, RS -232 and RS- 422/485 con - 
Ç nectors, a CAN BUS, an SPI Interface, 
° eight channels of 12 -bit A/D, eight 

á General Purpose Timers, twelve Pulse 
Width Modulation (PWM) outputs 
which can be used individually to con - 

12 trol R/C Servos control or grouped to 

>NanoMuscies Hit Mainstream 
NanoMuscle, Inc., a manufacturer of devices that displace small elec- 

tromagnetic motors and solenoids, now offers developer's kits for their 
breakthrough miniature motion actuators. These kits are available for hob- 
byists, inventors and the robotics community through their partner, 
Mondo- tronics at a cost of $179, see www.RobotStore.com. 

Unlike conventional electric motors that use electromagnetism for 
movement, NanoMuscle Actuators produce movement using a form of 
shape memory alloy (SMA), similar to those discovered in the 1960s by the 
US Navy. SMA can be fashioned into tiny wires (often called muscle wires) 
that produce movement whenever an electric current is passed through 
them. Several of these wires are packaged in a device about the size of a 
paper clip that can then perform the function of a motor or solenoid. 

In addition to providing access to miniature motion, NanoMuscles deliv- 
er a number of other benefits to inventors and hobbyists including com- 
pletely silent operation. They consume one -fifth the energy of a motor of 
comparable size making them ideal for mobile robotic applications that 
need to carry their own power source 

Each developer's kit includes the following: a working example appli- 
cation, two model NM70 NanoMuscle actuators with digital interfaces, 
technical documentation, and a mounting /electrical hardware assortment 
making it possible for hobbyists to immediately start incorporating minia- 
ture motion within their prototypes. 

control up to two three -phase Brushless 
DC motors and a two -channel Quadrature 
Decoder to read motor position encoders. 

IsoMax is the proprietary program- 
ming language that comes with the kit, 
and it is based on state machine pro- 
gramming concepts. Each real -time task 
is assigned a virtual machine that will 
sense conditions, take actions, and move 
to new states. Users will find that the 
language for creating machines is very 
"English" readable, more so than some 
of the standard languages. Data entry is 
accomplished through the RS -232 via a 

PC, laptop, PDA, or any serial device 
(even dynamically by another micro- 
processor). Simply put, programming in 
IsoMax occurs through interactively cre- 
ating new processor tasks, assigning 
each a state machine, and testing that 
machine. 

One of the most exciting features of 
the IsoPod is its Virtually Parallel 
Machine Architecture (VPMA), a new 
programming paradigm possible with 

Made as small as possible, while still maintain- 
ing large enough connectors for easy human 
access, all connectors on the IsoPod, have .1- 
inch spacing. 

IsoMax. VPMA allows more than one of 
the state machines to be installed into 
background process. The installed 
machines run independently in a virtual- 
ly parallel fashion. Tasks are handled on 
the same level, each running like a sepa- 
rate machine. Imagine running 20 
stamp -like microcomputers, each with a 

single task, in parallel, and this is what 
VPMA would be like. 

A useful single -state machine can be 
written with as little as three lines of 
code. When the programmers are satis- 
fied with the performance of a new 
machine, they would install it into a 

chain of machines. The machines 
installed in the machine chain become 
background features of the IsoPod until 
removed or replaced. 

Machines don't come and go, like 
tasks in a multitasking system. The 
IsoMax language is inherently "multi- 
tasking" without the overhead, complex- 
ity, and headaches of a multitasking 
operating system. The interactive fore- 
ground remains always available for 
both further interactive development 
and interactive checking on the running 
machines. 

The combination of IsoMax software, 
VPMA structure, and diverse hardware 
makes IsoPod ideal for dedicated con- 
trol of DC motors, BDCM, stepper 
motors, solenoids, and motion -control 
applications, in general. It also works 



well for data collection and many net- 
worked control applications. Not to 
mention that the CAN BUS opens the 
possibility of distributed processing net- 
works, so parallel hardware can be com- 
bined with parallel software. 

Developers expect the IsoPod to 
meet the needs of robots very well, with 
its many R/C servo outputs. In particu- 
lar, promise is seen for robot walkers. 
Each joint can be treated as a separate 
task. Software would communicate 
between tasks to created higher -level 
architectural functions such as leg 
behavior. This is just one example of 
how VPMA lets many tasks work 
together. The VPMA structure may 
allow advances in Neural Net 
Processing simulation, and M applica- 
tions as well. Robots using this new par- 
adigm may appear more "thinking" than 
their predecessors. 

The IsoPod brings an amazing amount 
of computing and control function to a 

very small space at a very reasonable 
cost. A single unit is $99. For more 
information, visit www.newmicros.com or 
write to New Micros, Inc. 1601 Chalk 
Hill Road, Dallas, TX 75212. You might 
want to check out the user's manual at 
www. newm icros. com /store /product_ma n u 

al /isopod.zip. 

MULTIMEDIA 
on the PC! 

What is Multimedia? What can 
it do for you? It can do lots 
of nice things! This 184 -page 
book helps you create your own 
multimedia presentation. Mel - 

timedia applications by people like you can 
revolutionize educational and business applications as 
well bring more FUN, FUN, FUN into your leisure 
computer activities. 

rail coupon to: 

Electronics Technology Today, Inc. 
P.O. Box 240 
Massapequa Park, NY 11762 -0240 
Please send me my copy of Multimedia on the PC 

(PCP120). I enclose a check or money order for $18.45 to 

cover the book's cost and shipping- and -handling ex- 

penses. 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. Please allow 

L.8 
weeks for delivery. MA02 , 

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 technol- 
ogy 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 

Electronic 
Hobby1sts 
Data Book 
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BP396 

,. 1d 44119N The Pre -computer 
Book 
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Introduction to 
Surface Mound 
Devices 
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Boll Mooney 
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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 
BP115 - The Pre -Computer Book -$2.99 + $2.00 S & H 

El BP393 - Practical Oscillator Circuits -$9.99 
Most above prices include shipping and handling 

Number of books ordered 

Amount enclosed $ 

ET05 

Name /Company 
Address Apt. 

City State Zip 
Sony, 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 delivea_ 13 
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COMPUTER 1-8llyg 
PETER PIETROMONACO 

mnilGi: conaputerbit.c@Rernshack.com 

PC vs. Mac: 
ThE WAR GOES ON 

For those of you who may not be 
aware of it, the PC vs. Mac war 

rages on. It's amazing how adamant 
each platform can be about their sys- 
tem's supremacy. PC users will declare 
with confidence that Windows is ulti- 
mate and that their processor is faster. 
Mac users swear by the graphics 
capability and the friendly nature of its 
functions. 

The truth of the matter is that neither 
one is a "better" computer. It is person- 
al preference that should sway your 
opinion either way. I will introduce 
some of the myths and popular mis- 
conceptions about each, as well as 
some truths about their basic differ- 
ences. Knowing some basic facts 
about the rivals, you will have the priv- 
ilege of choosing the one that suits 
your needs. 

THE DAWNING OF THE 
COMPUTER AGE 

Apple Computer Inc. and International 
Business Machines Corp. (IBM), as 
the innovators of personal computers, 
set the standards for today's market. 
The Apple I was introduced in 1976, 
eight years before the Macintosh. The 
Apple II, which followed in 1977, was 
the first personal computer capable of 
generating color graphics. It was avail- 
able to the public for $1298, and users 
had to use their TV sets as monitors 
and audio cassette recorders as stor- 
age devices. 

SOURCE INFORMATION 

www.digitalvideoediting.com 
www. deil, uiuc. edu 
www. teach-nology. corn 

The Apple IMAC's Desktop 800 -MHz PowerPC 
G4, a popular Mac, is now on the market. 

In 1984 the Macintosh 128K entered 
the market at a price of $2495, fol- 
lowed by the Macintosh 512K, which 
sold for $3195. That was the beginning 
of the Mac era. 

Designed with ease of use in mind, 
the Mac utilized the mouse -a hand- 
held pointing device -and the graphi- 
cal user interface (GUI). This interface 
contained icons -pictorial representa- 
tions of complicated commands. 
Because of the user -friendly charac- 
teristics, the Mac became popular with 
household users. 

IBM, a leader in office equipment, 
decided to hop into the mainstream 
market around the same time. In 1981 
they introduced a small computer 
called the IBM Personal Computer, 
otherwise known as the PC (this came 
to mean any computer that was com- 
parable to the IBM personal comput- 
er). Although the Macintosh is truly a 
personal computer, it is not referred to 
as a PC. 

Though they look very similar, Macs 
and PCs have some notable differ- 
ences. See the accompanying table 
for a comparison. 

THE CHOICE IS YOURS 
As you can see from the table, it 

isn't that one computer is inferior or 
superior. You have to decide what 
exactly it is that you will be using your 
computer for, and then make a deci- 
sion based on each computer's fea- 
tures and abilities. 

It's like choosing between a 
Mercedes and a BMW. They are both 
classy cars; they handle the road well; 
and they offer high -quality perfor- 
mance and top -notch extras. Maybe 
the contour of one driver's seat fits 
your bottom better. Maybe one comes 
in pretty custom colors. Maybe one 
cup holder fits your mug more snugly. 
Who knows? 

The point is that both computers 
have kept up with technology and offer 
powerful processors. Both have 
advanced graphic capabilities, access 
and surf the Web at similar speeds, 
and perform well while running appli- 

The Systemas Celeron Desktop is a competitive- 
ly priced PC, with 1.0 GHz and 128 MB RAM. 



FEATURE PC 

TABLE 1 

MAC 

Software There is much more software, including 

free software, available for the PC. 

There is much less software available 

for the Mac. 

Add -Ons It is more difficult to add on devices and 

components. 

Considered "plug and play." Pretty 

simple to add on components. 

Choice There are hundreds of brands of PCs 

available -more of a selection for the 

consumer, and a more competitive 

market. 

There is only one company that makes 

the Mac -Apple Macintosh. 

Price PCs are relatively inexpensive. Macs are still slightly higher priced. 

Operating System More complicated operating system. Less complicated operating system. 

Mouse Dual -button mouse, which allows for 

shortcuts. 

One button mouse -no shortcuts. 

Training Since system is more complex, it 

requires more training time. 

Less complicated system calls for less 

training. 

Viruses Most viruses are targeted for the PC. Hardly any viruses are targeted for the 

Mac. 

Networking Networking is more difficult and 

complex, and requires more 

maintenance. 

Networking is less difficult. It is more 

stable and requires less maintenance. 

New Products Tendency to have more bugs on newly 

released products. 

Pretty well tested before sold on the 

mass market. 

Operating Software Most systems running on Windows OS 

have parts made by 30 or 40 different 

manufacturers. 

Mac Operating Software is specifically 

for the hardware it is running on. 

Compatibility PCs are the business industry standard. Not the business industry standard. If 

you're not PC compatible, you may not 

be able to keep up in the business 

world. 

Disk release PCs allow you to release the disk while 

in use. 

Cannot eject the disk while in use. 

Parts and Service Parts are widely available for the PC 

and relatively inexpensive, and there 

are plenty of knowledgeable techs out 

there to service your PC. 

Parts can be hard to find as well as 

costly, and knowledgeable techs are 

scarce. 

Tech Support Tech support is abundant and readily 

available. 

It is relatively hard to find tech support 

for the Mac, especially on short notice. 

1nX -I 
HOME AUTOMATION KIT 

Software Included 
Use Existing Wiring 
Simple Inexpensive 

1- 800 -928 -5299 www.marrlckltd.com 

711, 
Mira Mown 

Wholesale & Discount 
Buyers Guide. 

#CP -1 - $ 19.95 
Save up to 90% off list prices. Audio and 
video equipment and materials; electron- 

ic products and surplus; pro recording 
and specialty items; computers and com- 
ponents. Source listings include complete 
address, phone, fax, e -mail and website 
addresses. 8% x I I", 72pp. paperback. 

Send $ 19.95 plus $ 5.00 S&H to: 
Claggk, Inc. PO Box 12162, 

Hauppauge, NY 11788; Tel: 631- 
592 -6721; Fax: 631 -592 -6723; 
email: claggk @gernsback.com. 

SORRY No orders accepted out- 
side of USA & Canada All pay- 
ments must be in U.S. funds. 

CLX3 

cation programs. 
If you are in the market for a new 

computer, shop around, and really 
think about your needs and wants. 
Just because you have been a die- 
hard PC user all of your life doesn't 
mean you can't make the switch, and 
vice versa. Many a consumer has 
jumped to the other camp after careful 
consideration of the matter -only most 
have a hard time admitting it. 

Talk to users of both, and see why 
they prefer one or the other. They may 
offer some guidance or shed some 
light on common misconceptions. I 

have personally used both, so I can be 
objective as well as diplomatic -I like 
both for different reasons. 

For additional information on the PC 

vs. Mac debate, see the Source list in 

this article. M 15 
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TED NEEDLEMAN 

nrnilto: peakconrputing@gernsback.conr 

YOU OuqhT TO BE IN PICTURES 

The hottest peripheral of the moment 
is probably the one that spends the 

least amount of time connected to the 
PC. If you haven't already guessed, 
I'm talking about the peripherals used 
for digital photography. While there are 
enough products in this category to 
easily write a monthly column on this 
subject alone, this month we'll take a 
look at a trio of brand new offerings. In 
fact, one of the products is so new that 
as of the time of this writing, it won't 
even be announced for another month. 

HANDY, BUT SIMPLE 
One big problem with photography, 

both film and digital, is that most peo- 
ple simply don't carry a camera around 
with them unless they are consciously 
thinking of taking a snapshot or two. 
It's pretty much a certainty that every- 
one who is reading this column has, at 
least once, wished that they were car- 
rying a camera. 

That's the market Logitech is 
addressing with its newest Pocket 
Digital camera. There's nothing fancy 
about the Pocket Digital. It doesn't 
have a flash, and the lens is fixed 
focus, not autofocus. Maximum image 
resolution is 1.3 megapixels, or 1280 
x 960. That's okay for snapshots, but 
you won't want to blow these up much 
past 4 x 6 inches. This resolution is 

interpolated, as the actual CMOS 
imaging sensor has only VGA, or 640 
x 480 resolution. 

So far, the Pocket Digital doesn't 
sound very exciting. What makes it so, 
however, is the form factor. The Pocket 
Digital is about the same size as a 

credit card, and about a quarter -inch 
thick. Its case is brushed aluminum, 
and you get it ready to take a picture 
by just sliding the left and right sides of 

16 the case apart, exposing the lens and 

The Pocket Digital camera is available only for 
Windows-based PCs at the moment and comes 
with a copy of MG1 PhotoSuite 4 SE. 

the optical viewfinder. The shutter 
release button is on the top of the cam- 
era, easy to get to and use. The cam- 
era is small enough to always carry, 
and ready whenever you need to take 
a picture. 

A lithium polymer rechargeable bat- 
tery provides power for the camera, 
and the bnattery automatically 
recharges every time you use the 
included USB cable to download 
images into your PC. If the small, low - 
battery indicator shows that the battery 
is low, you can, of course, recharge 
the unit without having to download 
images. 

The Pocket Digital camera is avail- 
able only for Windows -based PCs at 
the moment and comes with a copy of 
MGI PhotoSuite 4 SE. At a suggested 
price of $129, it's a great deal; and it's 
so small you'll never have to miss a 
great "photo op" again. 

A GREAT TEAM 
A terrific partner for the Pocket 

Digital camera is the new Hewlett- 
Packard PhotoSmart 130 printer. 
Looking at the photo, you'll notice that 
it's resting on the output tray of an HP 
PhotoSmart 1315. Maybe Mike Myers 
will buy one for "Mini -Me" in the next 
Austin Powers movie. 

The PhotoSmart 130 has one for- 

mat-4 x 6 inches. It's a four -color 
printer that uses a single ink cartridge 
containing all four colors. That's a first 
for HP in a photo printer, though all of 
the previous and current PhotoSmart 
photo printers use only a four -color 
process, rather than the five colors or 
six colors of ink that many of the ven- 
dor's competitors use. Resolution is up 
to an incredible 4800 x 1200 dpi on 
glossy photo paper. 

The PhotoSmart 130 shares one 
feature with other less diminutive 
PhotoSmart printers- integrated flash 
media readers. The slots at the top of 
the paper -feed opening accommodate 
SmartMedia, CompactFlash, Sony's 
MemoryStick, Secure Digital, and 
Multimedia cards. These make it easy 
to make prints directly from the media 
card, without first having to download 
the files to your PC. 

The PhotoSmart 130 requires a 
USB interface and comes with drivers 
for both Windows and Macintosh PCs. 
The suggested list price will probably 
be around $180, though you should be 
able to find the printer for less than that 
in the stores. 

We've printed a couple of dozen 
prints from our PhotoSmart 130 and, 
most of them, depending upon the 
camera that was used to take the shot, 
are indistinguishable from standard 
film -based prints. 

SAVING THE BEST FOR LAST 
The products mentioned so far are 

all pretty affordable. That's fine for day - 
to -day use. The digital imaging market, 
however, is segmented. There are the 
amateur products detailed here, more 
expensive serious amateur products 
(sometimes called "prosumer," a con- 
traction of professional and con- 
sumer), and those very high -end prod- 



The PhotoSmart 130 requires a USR inrert¿ce and comes with drivers for both Windows and 
Macintosh PC's. The suggested list price should be around $/80. 

ucts designed (and priced) for profes- 
sional photographers. 

We've had the distinct pleasure of 
using a prosumer camera from 
Olympus America, the E -20N. The list 
price of this camera is just a few dol- 
lars under $2000, more than many 
readers have probably paid for their 
PCs. To be truthful, as much as we 
loved the E -20N, there's no way we 
would ever be able to justify buyir.g 
one, even at the somewhat reduced 
price it sells for on the street. 

If, however, you do photography for 
a living or even an income -producing 
side -line, the E -20N is very much 
worth a hard look. 

The camera takes the popular SLR, 
or Single Lens Reflex, form factor. If 

you are not up on camera jargon, the 
E -20N is probably not going to be at 
the top of your want list, but an SLR 
camera, digital or film- based, focuses, 
performs, and sets exposure and shut- 
ter speed metering through the single 
lens at the front of the camera. Most 
cameras today, other than some of the 
more esoteric models used by profes- 
sionals, are SLRs. The E -20N has a 

huge Olympus 4x optical zoom lens, 
and as with many more advanced 
camera models, the lens is removable 
so that you can use an optional lens. 
Easy -to -use controls are abundant for 
those times when you want to operate 
the camera in manual mode. There are 

seven user -selectable pre -set white 
balances, and they range from 300CK 
to 7500K. 

Our E -20N review unit offered both 
an optical viewfinder and a color LCD 
panel that can also be used to frame 
the shot. The optical viewfinder carries 
the usual diopter adjustment a step 
further, with a focus ring that lets you 
quickly get a crisp image in the 
viewfinder. In fact, even the edges of 
the viewfinder are padded. 

Even forgetting that the E -20N is a 

digital camera (at least for the 
moment), it's an impressive piece of 
equipment. As a camera, it gives you a 

choice of shooting in completely auto- 
matic mode using the E -20N's dual 
active autofocus (which uses both 
active Infrared and passive TTL, 
Through The Lens, focusing) or focus- 

SOURCE INFORMATION 

Hewlett- Packard Corporation 
3000 Hanover St. 
Palo Alto, CA 94304 
800 -552 -8500 
www.hp.com 

Logitech Inc. 
6505 Kaiser Drive 
Fremont, CA 94555 
510 -795 -8500 
www.logitech.com 

Olympus America 
2 Corporate Center Dr. 

Melville, NY 11747 -3157 
631 -844 -5000 
www. olympus. com 

ing the camera strictly manually. 
Modes include programmed Auto - 
Exposure (called AE) or aperture or 
shutter priority. Metering, as with all 

higher -end cameras, is TTL; and you 
can use center or spot metering, or 
one of the available metering patterns. 

The digital side of the camera is just 
as impressive. When operating in 

standard interlaced mode, the camera 
yields an effective resolution of 5.0 
megapixels. You can also operate the 
camera in progressive -scan mode, 
which drops the resolution down to 2.5 

megapixels. Depending upon the file 
format you chose to save your images 
in, this can yield an image resolution of 
up to 2560 x 1920 in RAW or TIFF 
uncompressed format. Other file for- 
mats allow saving in JPEG with vari- 
ous degrees of compression. 

Our review camera came with a set 
of lithium batteries and a 32 -MB 
SmartMedia card. Pop open the 
media -card cavity, and you'll see slots 
for both Smart Media and Compact - 
Flash cards. You can have one of each 
in the E -20N. You can also use an IBM 

MicroDrive, which is a 320 -MN or 1- 

GB tiny hard disk in the format of a 

CompactFlash card. To use this in the 
E -20N, however, requires a different 
and higher- capacity battery pack. 

We could actually write several 
complete columns on the E -20N, it's 
that good a product. And now you 
know what you can get us for the 
upcoming holiday. p 

4fr 
Cult{ Vein (.nn rrvvenl Ioresl (iris. 

-47 
Wireless & Electrical 

Cyclopedia 
ETT1- wireless & Electrical 
Cyclopedia $4.99. Step 
back to the 1920's with this 
reprinted catalog from the 
Electro Importing Company. 
Antiquity displayed on every 
page with items priced as 
low as 3 cents. Product 
descriptions include: Radio 
components, kits, motors 
and dynamos, Leyden jars, 

hot -wire meters, carbon mikes and more. The 
perfect gift for a radio antique collector.To order 
ETT1, send $6.99 (includes s &h) in the US 
and Canada to Electronic Technology Today 
Inc., P.O. Box 240, Massapequa Park, NY 11762- 
0240. US funds only. Use US bank check or 
International Money Order. Allow 6 -8 
weeks for delivery. MA11 17 



SURVEYING THE 

DIGITAL 00 Eff 
REID GOLDSBOROUGH 

COMPUTER EXCESS 

oe, a computer programmer, was J talking with his psychotherapist. 
"You've got to help me," he says. "I've 
fallen in love with my computer, but I 

know I can never marry her." 
"Well, it's good you haven't totally 

lost touch with reality," says the thera- 
pist. "Oh, it could never work," says 
Joe. "She wants a career." 

It's easy to make fun of computer 
nerds, as did this joke from The Official 
Computer Freaks Joke Book. Just as 
anything can be taken to an extreme, 
fascination with computers can be 
harmful. It's not difficult to see why 
computers can fascinate. 

THE POSITIVE SIDE 
They allow you to communicate with 

far more people than a phone or letter. 
They help you write far more efficient- 
ly than a typewriter or pen and paper. 
They make it possible to keep track of 
people and things far more easily than 
a roster or list. They let you budget, 
forecast, and plan far more effectively 
than a calculator or table. And they 
make education far more compelling 
than words and pictures on paper. 

Computers are indeed powerful, 
and their power can let people com- 
pensate for their own perceived lack of 
power. In today's world of huge corpo- 
rate, educational, and government 
bureaucracies, it's easy for individuals 
to feel lost, like a tiny cog in a giant 
impersonal wheel that spins with no 
interest or concern about their welfare. 

PCs also epitomize newness in a 
culture that places great importance in 

it. The PC market is able to rejuvenate 
itself with every new central process- 
ing unit and operating system that's 
released, creating well -deserved excite- 
ment as well as hype each time. 

There has in fact been much 
progress. A run -of- the -mill personal 

18 computer today is ten times faster than 

mailto: digitaldomain@gernsback.com 
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Even geeks must remain savvy. Visitors to Geek Culture's Web site can catch up on the latest fiLsh- 
ions, trends. and peculiarities associated with the Beek set. 

it was five years ago. Despite this 
increase in raw power, PC hardware 
and most software have fallen in price 
in absolute terms as well as in dollars 
adjusted for inflation. 

Finally, a personal computer never 
judges or rejects you (short of a glitch 
or crash), and it's always there for you. 
If you know what you're doing, it does 
what you want, which can't always be 
said about human relationships. In 

some ways, a computer mimics the 
human mind and can become an 
extension of yourself. It's no wonder 
people love these machines. 

COMPUTER ADDICTION 
However, some people love them 

too much, says Richard Johnson, Ph.D., 
a psychologist from Fort Washington, 
PA, who works with people experienc- 
ing "computer addiction." Computers 
can be harmful if they isolate people 

from other spheres of life and from 
other people, he says. If you forego 
important social, occupational, educa- 
tional, or recreational activities in favor 
of time in front of your computer 
screen, you've taken things too far. 

Men are more prone to this than 
women, says Johnson, but women can 
experience it, too. Excessive involve- 
ment with PCs, like any activity taken 
to an extreme, can be an attempt to fill 
a void caused by loneliness or to block 
out insecurity, shyness, or other short- 
comings in a person's life. People can 
use a PC in a dysfunctional way to 
deal with guilt or shame or to avoid 
having to tackle difficult decisions or 
responsibilities. Because their lives 
aren't perfect, some people obsessive- 
ly tweak and otherwise try to make 
their computers perfect. 

On the flip side, while computers 
can isolate, they can also connect. 
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Many people have developed online 
friendships and romances that have 
blossomed into offline relationships. 
People use the Internet to find and 
reconnect to old friends and class- 
mates. E -mail and instant messaging 
can be an easy, low -cost way for fami- 
ly and friends to stay in touch with one 
another over even great distances. 

FINDING A BALANCE 
As with just about everything, much 

depends on striking a healthy balance. 
As long as you keep things in perspec- 
tive, there's nothing wrong with being a 

nerd, a word coined by Dr. Seuss in his 
1950 book If I Ran the Zoo. Or, for that 
matter, a geek, dweeb, wonk, or freak. 

As Craig Jackson, a Web profes- 
sional from Santa Cruz, CA, points out 
on his Geek Web page (http: / /sam 
sara.circus.com /omni /geek.html), a 

computer geek can be a person who 
simply enjoys being social with his (or 
her) computer. 

If you're a computer nerd, why not 
revel in it? At the Web site Geek Culture 
(http. / /www.geekculture.com), you can 
discuss your geekhood with other 
geeks, send geeky e- cards, and even 
buy a sleek black propeller beanie. 

If you're really into beanies, the site 
Broadway Costumes (http://www.broad 
waycostumes.com/sales/hats-novel 
ty.htm) sells an even nerdier -look ng 

multicolored propeller beanie for less 
than half the price. 

MASS COMMUNICATION 
E -mail is a hugely successful phe- 

nomenon, letting ordinary people com- 
municate with far more people using 
far less effort than any previous com- 
munications medium. But this facility 
has its dark side -the incessant bom- 
bardment of e-mail in -boxes with ads 
for illegal "Make Money Fast" pyramid 
schemes, pornographic Web sites, 
quack healthcare remedies, and other 
come -ons. 

As a result, some people misguid- 
edly regard all bulk e-mail as "spam," a 

derogatory term for untargeted, unso- 
licited bulk e -mail. But if you flip the 
spam concept on its head, you have a 

powerful tool you can use to reach a 
lot of people quickly and inexpensive- 
ly, for business as well as personal 
purposes. To make it work, you keep 
the bulk part- sending many mes- 
sages out. But instead of flinging out 
untargeted missives, you target your 
messages to the interests of your 
recipients. And instead of heaving 
them unsolicited -this is the crucial 
part-you ask your recipients' permis- 
sion before encroaching upon their e- 

mail in- boxes. You make sure they "opt in." 

One of the best uses for opt -in bulk 
e -mail is e -mail newsletters. As with 
bulk e -mail in general, there are pitfalls 
here as well as promises. To sort out 
one from the other, I talked to the 
queen of e- newsletters, Debbie Weil. 
Along with running her own Washington, 

POINT AND CLICK 

Broadway Costumes 
www.broadwaycostumes.com/sales/hats- 
novelty.html 

Constant Contact 
www.constantcontact.com 

Craig Jackson's Geek Web Page 
http://samsara.circus.com/--omni/geek.ht 
ml 

Geek Culture 
www.geekculture.com 

IMakeNews 
www.imakenews.com 

WordBiz Report 
www. wordbiz. com 

D.C., consulting business that special- 
izes in helping businesses set up e- 
newsletters, Weil publishes her own, 
WordBiz Report, at http://www.word 
biz. corn. 

"The biggest mistake business peo- 
ple make with e- newsletters is thinking 
like a promoter, not a publisher," says 
Weil. "Hypey, direct -response writing 
doesn't work with e-mail newsletters," 
she says. "It's a turn off." Even if your 
objective is marketing, you need to 
provide information that's useful to 
your recipients, not to yourself. Put 
yourself in the shoes of typical recipi- 
ents. Provide them with substantive, 
accurate, and comprehensive informa- 
tion that meets their needs and pre- 
sent it in a lively fashion. 

"If you blast out gaudy graphics and 
promotional copy that shouts, 'Check 
out the widget we have for sale this 
month!' the response you'll receive is, 

'So what!" says Weil. "People are tired 
of e -mail promotions jamming e-mail 
in- boxes." 

Whether you send your e- newsletter 
to customers or prospects, if you do it 

right by being truly useful, it will be 
time -consuming. That's why Weil 
doesn't recommend doing it more than 
once a month. She also recommends 
keeping e- newsletter issues short, no 

longer than 1000 words. With e -mail, 
people expect to get in and out quickly. 

E -MAIL CREATION 
It's easier than ever to create e -mail 

messages using HTML, the language 
of the Web. Here Weil and I differ a bit. 

She recommends HTML as being eas- 
ier to read. Whenever I see an HTML- 19 



coded e -mail message, I think come - 
on. But if recipients have opted in to 
receive an HTML newsletter, I can see 
how they would be receptive to it. 

Concerning mechanics, Weil recom- 
mends two Web -based application 
service providers (ASPs) that special- 
ize in helping people create e- newslet- 
ters and manage subscription lists for 
them. Constant Contact, at http: / /www. 
constantcontact.corn, is the less 
expensive. It's free for up to 50 recipi- 
ents, $10 per month for up to 250 
recipients, and $25 per month for up to 
2500 recipients, with prices continuing 
to rise incrementally from there. 

IMakeNews, at http: / /www.imake 
news.com, starts at $200 per month, 
but has beefier content management 
features, including a companion Web 
site for your e- newsletter. Both ser- 
vices offer free trial periods. A simple 
alternative appropriate for low- volume 
personal or family e- newsletters is 
using your regular e-mail software. 

Don't just paste a long block of e- 
mail addresses into the "To" (some- 
times referred to as "Mail To ") or "Cc" 
(carbon copy) address lines. This 
results in an e-mail message with a 
large header that not only looks ugly 
but can force recipients to scroll down 
repeatedly to get to your message. 

Instead, if your e-mail program sup- 
ports it, use the blind carbon copy line 
(typically identified as "Bcc" or "Blind 
Cc "). By sending an e-mail message to 
yourself and pasting recipients' e-mail 
addresses here, you can hide these 
addresses from the other recipients. 

To build a subscriber base for a 
business e- newsletter, your best bet is 
to include an opt -in box at relevant 
pages of your Web site, including your 
check -out page if you have one. Don't 
assume that if someone visits your 
Web site or even purchases from you 
that they want to receive your e- 
newsletter. "As with spam, people 
regard that as an invasion of privacy, 
and they'll respond with anger," says 
Weil. P 

To learn how to talk with your kids 
about tough issues, like sex, 
AIDS /HIV and violence, call 

1- 800- CHILQ -44 
and get your free guidebook. 
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HH95S Hobbyists Handbook 

Spring Edition (1995) .... .. $5.00 
HH95F Hobbyists Handbook 
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Fall Edition (1994) $5.00 
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168C Fact Cards (ií67 -99) $1.99 

168D Fact Cards (ií100 -132) $1.99 

167 Designing With IC's $2.99 

166 Collected Works of Mohammed Ullyses 
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165 How to Repair CD Disc Players $2.99 
164 Modern Electrics (April 1908) $1.99 

160 New Ideas - 42 Circuits $1.99 

159 Low Frequency Receiving Techniques 
Building and Using VLF Antennas $2.99 
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157 All About Kits $1.99 
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Department,P.O. Box 12162, Hauppauge, NY 11788 

Please allow 4 -6 weeks for delivery. No COD's' 
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S tx-Volt 
Strobe Light 

PAUL FLORIAN 

The devices described in this article involve the use of materials and substances that are hazardous to health 
and life. DO NOT attempt to implement or use the information contained in this article unless you are experi- 
enced in the construction and safety considerations that apply to high -voltage devices of this nature. Although 
all possible measures have been taken to ensure the accuracy of the information presented, Gernsback 
Publications Inc. is not liable for damages or injuries, misinterpretation of directions, or the misapplications of 
information. 

BUILD THIS PALM -SIZED STROBE THAT PACKS A HIGH - VOLTAGE PUNCH 

Astrobe light is a useful gadget, both for recre- 
ational uses and for emergency situations. Its 
even better if the device is portable. This article 

details a Six -Volt Strobe Light that works great as an 
emergency flasher, and it's light enough to fly on 
board a model aircraft The flash rate is variable from 
1 to 3 flashes per sec- 
ond, though the rate 
slows down over time 
as the battery voltage 
decreases. Uses for 
this strobe light are 
many. It can be worn 
on a belt clip when 
jogging or riding a 
bike at night, used 
on a boat, on the 
highway if your car 
breaks down, and I 

so on. 

flows through inductor Ll , generating a strong mag- 
netic field around the coil. 

When U 1 pin 3 goes low, current stops flowing 
through Q1 and the inductor. That sequence collaps- 
es the magnetic field and causes a high -voltage spike 

that charges capacitor C2 
through diode D1 . At the 
same time, capacitor 
C3 charges through 
resistor R4. When the 
voltage on C3 reaches 
300 volts, Sidactor SDI 
conducts and dumps 
a charge on C3 into 
the trigger transformer 
Tl. Trans -former Tl 
then produces a 3- 
to 4- kilovolt pulse 
at its output, which 
ionizes the xenon 

gas in the flash tube 
causing it to become 
conductive. Capaci- 
tor C2 then dis- 

charges into the flash 
tube, resulting in a short, 
bright flash of light. 
Capacitor C2 then be- 
gins to charge again, 

beginning the flash cycle over again. The charge rate, 
and hence the flash rate, are proportional to the duty 
cycle of U l and the battery voltage. The duty cycle is 

varied by potentiometer Rl. 

Circuit Description. 
Figure 1 shows the 
schematic for the 
flasher circuit. In this 
application, a switch- 
ing power supply 
eliminates the need 
for a specially wound 
transformer to generate the required 300 volts for the 
flash tube, FT1. A 555 timer, Ul, oscillates at about 14 

kHz and drives the gate of a 400 -volt MOSFET (Q1). 
When pin 3 of U1 goes high, Ql turns on and current 21 
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Construction. The use of a PC 
board is highly recommended for 
this project because of the high 
voltages involved. Figure 2 shows 
the foil pattern for a PC board you 
can make yourself, and Fig. 3 is the 
parts -placement diagram. Be care- 
ful of the polarity when installing D1, 
D2, Q1 , C2, and the socket for U l . 

Remember to cut the tab off SD1 

before mounting. Make sure that 
transformer Ti's fine wires do not 
short with its ground wire. The flash 
tube is installed last. Its pins are sol- 
dered to the'/ -inch bare -wire loops 
1 and 2 of transformer Tl . 

Figure 4 shows a diagram of the 
side view of the final assembly. The 
circuit board should be insulated 
with a sheet of lexan, cardboard, 

B1 

6v 

' 1 
s1 
D- +6V 

Fig. 1. This six -volt strobe light circuit uses a switching power supply instead of a specially wound 
transformer to generate 300 volts. 

Poptronics 
Interactive Edition 
Projects... Courses...Articles...a more 

Read it on the WEB! 

An e- magazine for everyone 
who loves electronics. 

Aimed at teaching electronics 
from the beginning with courses, 
tests and interactive questions 
to guarantee your success. 

Interesting articles and related 
items. 

Contains projects that can be 
ordered directly from the page, 
by simply clicking a button. 

www.poptronics.com / 
interactive 

FACTCARDS 

f 

Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about 
electronics from transistor packaging 
to substitution and replacement 
guides. FACTCARDS numbers 34 
through 66 are now available. These 
beautifully -printed cards measure a 
full three -by -five inches and are 
printed in two colors. They cover a 

wide range of subjects from Triac cir- 
cuit replacement guides to flip -flops, 
Schmitt triggers, Thyristor circuits, 
Opto -Isolator Coupler selection and 
replacement. All are clearly explained 
with typical circuit applications. 

WANT TO EXPAND your knowl- 
edge of electronics? Do it the easy way 

by studying the Electronics Fact 
Cards. Do you travel to and from your 
job each day' Drop a handful of cards 
in your pocket before you leave, and 
the bus becomes a schoolroom! At 
home, you can build some of the proj- 
ects and not only have fun building and 
using them, but learn how they work at 
the same time. 

YOU'LL BE AMAZED both at how 
rapidly you learn with these cards. and 
how easy it is to understand. These 
new cards are available right now 
Don't miss out. Send your check or 
money order today. 

FACTCARDS -Facts at your fingertips for 
Experimenters and Project Builders! 

Please send one copy of FACTCARDS $1.99. Shipping $2.00 (U.S. and Canada only). 

Please send copies of FACTCARDS Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 
New York residents add sales tax to total cost of each order. 
Please print Allow 6 -8 weeks for the material to arrive. 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
CLAGGK Inc. 
P.O. Box 12162 
Hauppauge, NY 11788 

All Payment must be in U.S. 
Funds! 

BS168 
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Fig. 2. Foil pi (tern for the strobe light PC board. A PC board is recommended becaasc of the high 
voltages involved. 

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 No ?- 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 Zip 

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 

PARTS LIST FOR THE 
SIX -VOLT STROBE LIGHT 

SEMICONDUCTORS 
U1 -NE555 timer 
DI- 1N4936 diode (Mouser Part 

Number 625 -1 N4936GP) 
D2- 1N4002 diode 
SDI -270V to 330V Sidactor (Digi -Key 

Part Number K3000F I -ND) 

QI- IRF740 transistor (Mouser Part 

Number 51 1- IRF740) 

RESISTORS 
(All resistors are % -watt, 5% units unless 

otherwise noted.) 
RI- 10,000 -ohm potentiometer 

(Mouser Part Number 323- 409H -1OK) 

R2- 10,000 -ohm 

R3- 1000 -ohm 

R4- 1- megohm 

CAPACITORS 
C1- 4.7 -nF, ceramic 
C2- 10 -pF, 350V, electrolytic (Mouser 

Part Number 140- XRL350V10) 
C3- 0.01 -pF, 400V (Mouser Part 

Number 140- PF2G103K) 

ADDITIONAL PARTS 

AND MATERIALS 
L1- 330 -pH (Mouser Part Number 542- 

5800 -331) 
T1 -400V to 4kV transformer (Mouser 

Part Number 422 -1304) 
FT1 -300V flash tube (Mouser Part 

Number 36FT050) 
S1 -SPST switch 
B 1-4 AA batteries (or equivalent) 
4 AA battery holder, double -sided tape, 

0.030 -inch lexan, 0.060 ABS, 8 -pin 

IC socket, cardboard, wire, solder, 

spacers, screws 

and ABS plastic as shown. Figure 5 
shows a template for the lexan 
cover plate, and it can be used to 
size the cardboard and ABS as well. 
The '/ -inch hole is for potentiometer 
RI and the Y5-inch hole is for switch 
Si. Be sure to drill a 'h -inch hole at 
each corner for the spacers that 
will hold the assembly together. 

Switch Si should be small enough 
so that it does not interfere with the 
PC board once it's attached to the 
lexan cover plate. You might also 
have to bend Q1 down slightly to 23 
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o ° 
s1 

o 

B1 

= 
T 

Fig. 3. Parts -placeme it diagram. Be careful of the polarity when installing Dl, D2, Ql, C2, and the 
.socket .for U1. Remember to cut the tab off SDI before mounting. 

LEXAN SHEET 
030- INCH 

9/16 - 
INCH MIN. 

t( 
13/16 - 

INCH MIN. 

S1 

PC BOARD 

Ì 

BATTERY HOLDER 

CARDBOARD 

PLASTIC ABS 
.060 -INCH 

Fig. 4. Side view of the .final assembly. The cir- 
cuit board should he insulated with a sheet of 
levan, cardboard, and ABS plastic as shown. 

2 -SIDED ADHESIVE 
TAPE 

clear the cover. Switch S1 is con- 
nected in series with the positive 6- 
volt battery terminal, and the neg- 
ative battery terminal is soldered 
directly to the circuit board at 
ground. The battery holder can be 
attached to the ABS back panel 
using a piece of double -sided 
tape. 

When the circuit board is com- 
plete, install batteries in the holder 
and check for 6 volts at pins 4 and 
8 of U 1 before putting U 1 in its 

socket. To help prevent shock, 
place some electrical tape across 
the leads of C2 and insulate the 
pins of the strobe light with hot- 

3.3 

melt glue. Now install W in its sock- 
et and with the board placed on 
a non -conductive surface, turn on 
Si. With R1 turned fully clockwise, 
the flash rate should be about 3 

Hz. Once you're sure everything is 

working properly, assemble the 
parts as shown in Fig. 4. 

Variations. In cases where you 
would like the flasher to be a color 
other than white, you can place a 
piece of colored translucent tape 
over the lexan cover plate. Such 
tape is often used for the tempo- 
rary repair of brake and turn signal 
lenses. If you would like to power 
the circuit from a 12 -volt cigarette 
lighter socket, simply add a 6 -volt 
regulator, such as an LM317 or 
LM7806 to the power supply. 

2.5 

1/8 -INCH DIA. 

1/4 -INCH DIA. 

O 

1 -5/16 

O 

ALL DIMENSIONS IN INCHES E----3,--1 
Fig. 5. Template jar the levan cover plate. Use this to size the cardboard and ABS pieces as well. 

P 

While speeding treatments and cures for neuromuscular disorders, 
advances made by MDA researchers also have enhanced therapy 
prospects for heart disease, cancer, arthritis, Alzheimer's and AIDS. 

Giving to MDA makes a world of difference. 

MUSCULAR DYSTROPHY 
ASSOCIATION 
(800) 572 -1717 



Ultrasonic 
Listening 
Device 

MARC SPIWAK 

LISTEN TO BATS, INSECTS, AND OTHER HIGH -FREQUENCY NOISES 

There are sounds that people can hear and there 
are sounds that people just can't hear. It has to 
do with the frequency response of the human ear 

or the sounds it is designed to hear. Certainly bats and 
various insects have to hear sounds that help them 
do things that people don't have to. If people 
had to fly around blind at night, they would be 
better off with bat ears. So there are plenty of 
things we can't hear, but that doesn't mean 
we can't build something that lets us hear 
these sounds. 

This article details a device you 
can build that lets you hear 
sounds in the ultrasonic fre- 
quency range. Not only 
bats and insects make 
ultrasonic sounds. Things 
like leaking gases or 
rushing air, jingling keys 
and coins, electrical 
equipment, and peo- 
ple and animals walk- 
ing in grass make sounds 
that you don't normally 
hear. The Ultrasonic Listening 
Device contains an ultrasonic 
transducer that picks up ultrasonic 
frequencies and provides an amplifier cir- 
cuit with a proper signal. 

You can purchase all the parts to build this device 
except for the ultrasonic transducer from various inde- 
pendent sources. The transducer is a custom -made 
part available only from the source given in the Parts 
List. Basically, you need to build the circuit containing 
the transducer, isolate the transducer from vibrations 
with a rubber mounting scheme, and power up the 
circuit aiming the transducer in various directions. 

With a bit more investment in time and cost, you 
can also make a slick gun -like housing for the device 
with your own parts or with the pre -cut and drilled 
parts also available from the parts source. If you want 

to get really fancy, a molded plastic para- 
bolic reflector dish is also available. It helps 

add sound -gathering and directional 
precision to the device. 

Circuit Theory. Figure 1 shows a 
schematic of the ultrasonic listen- 
ing device. Ultrasonic transducer 
microphone TD1 converts high -fre- 

quency sounds into an electri- 
cal signal using the piezo- 

electric effect. Inductor 
L1 helps tune the trans- 
ducer to 25 kHz. The 
signal is coupled to FET 

transistor Q1 through 
capacitor C2. Resistor R1 

and capacitor C 1 decouple bias 
voltage to the drain. Shielding of 
the input lead is very important 
because this part of the circuit is 

sensitive to noise and feedback. 
The output of Q1 is coupled 

through C3 and R4 to ICl -a, an 
LM074 op -amp. The output of IC1- 
a is then coupled to IC1 -b; and 

overall the signal is amplified by 
about 50, set by the ratio of resistors R6 

R4. The output of ICI-c is coupled back into the 
circuit simply by stray pickup, but you can experiment 
with this part of the circuit by adding a "gimmick" 
capacitor, which involves nothing more than soldering 
bits of wire leads to pins 2 and 8 of IC 1 and twisting 25 

and 
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Proper routing of input power leads will improve 
noise figure. 

Leads to J1 must be short and direct as possible 

Leads to power must be routed direct to underside 
of mounting plate 

Rd is chosen to dampen transducer response. a 
Suggested value is around 10K 0IT 

Fig. I. Schematic of the ultrasonic listening device. Ultrasonic transduc- 
er microphone TD1 converts high frequency sounds into an electrical sig- 
nal using the piezoelectric effect 

them together... but again, this is an optional step, as pin 
2 tends to pick up the signal from pin 8 automatically. 

With or without the gimmick, the oscillator now gen- 
erates a signal that is mixed with the picked -up signals, 
creating sum and difference signals. Capacitor C7 
and R17 form a filter that attenuates the higher fre- 
quency component of the mixed signals while allow- 
ing lower frequencies to pass by a factor of 20 dB. The 
resulting signal is the difference between the received 
signal and the oscillator frequency. This is similar to the 
super heterodyne effect. The resulting signal is rectified 
by 1N914 diode D1, transformed into a signal that pro- 
duces sounds you can hear. 

Potentiometer R12 tunes the circuit to cover a small 

Fig. 2. Parts -placement diagram. You can build this circuit on perfboard, 
26 but you're much better off using a PC board. 

R12 
10K 

R14 
100K 

-49-- 
R15 
100K 

R13 
2.2K 

9 

nc 
10 M- 

R16 
1M 

"Gimmick " - See text as 
may not be required 

10 v- o- ke pk 
20 to 50 wec 

band of frequencies. Potentiometer R19 attached to 
LM386 amplifier IC2 controls volume or the level of the 
signal reaching headphone jack J1. The output is set 
to 8 ohms. While you're better off with headphones, 
you can substitute a small speaker. Suitable head- 
phones are available from the source given in the 
Parts List. 

Construction. You can build this circuit on perforated 
construction board, but you're much better off using a 
PC board. You can make one using the foil pattern 
provided here or buy one with the kit. Figure 2 shows 
the parts -placement diagram and Fig. 8 is the foil pat- 
tern. Note that the potentiometers supplied with the kit 
mount to the PC board using bits of scrap component 
leads so that the potentiometers stand vertically as 
shown in Fig. 3. 

Twisted leads work fine for the headphone jack, but 
the transducer must be connected to the circuit using 
shielded cable. Figures 3-6 show details on how to 
assemble the device. Be sure to solder components L1 

and Rd directly across the leads of transducer TD1 as 
shown in Fig. 4. 

After you have assembled the board and checked 
for errors, connect either a 9 -volt battery or 12 volts 
from 8 AA cells, turn on the circuit and listen for a rush- 
ing sound in the headphones. If the circuit seems to be 
working, proceed to the final assembly of the gun han- 
dle and reflector if you're adding them. If you're not, it 
helps to mount the PC board insulated from and 
directly above a metal plate of the same size. 

The gun handle is easy and fast to build if you're 
doing it from the kit. Otherwise you're on your own 
from here. Assemble the handle parts as shown with 
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See inset fig4 
on TD1 BU1 

From fig2 
Shield Wire 

CL1 

R19/S1 
Volume 
Power 

Note that J1 is 

wired for mono 
operation 

l 

Fig. 3. Follow this mechanical layout if you're building the basic gun -han- 
dle type case. 

the board mounted above the pre- formed metal 
plate that holds everything in place (see Fig. 5). Be 
sure to mount the transducer in the rubber grommet to 
prevent it from picking up stray bumps and taps from 

R12 
Tuning 

the handle. 
The parabolic dish assembly is shown in Fig. 7. Note 

that the assembly is designed to allow the transducer 
to slide toward and away from the center of the dish 27 



Fig 4 Final Blow Up 

Rd 

HT9EXPLO 

SH1 

BUF-\ 

TD1 is not polaroed Cut out center of 3.5" plastic 
cap by placing on the 
enclosure tube and cutting out 
the center section with an 
xacto knife using the inner 
wall as a guide. 

/ Fig 5 CHAS1 
Chassis Fab 
Dashed lines indicate 1/2" 
mounting lip. Note clearance 
holes for SW1 mating to holes in 

RP1 rear panel section 

Note that hole in EN1 for 
handle is best cut with a 1 

i" circle saw. Fit must be 
tight to properly secure 
handle in place. The 
handle serves as the 
housing for the single 9 
volt or 8 as cells. 

CAP3 

RP1 PANEL 

8 OHM HEADSETS 

OFF /ONNOL 

Swl/NUt 

TUNING 

Fig. 4. Be sure to solder components LI and Rd directly across the leads of transducer 
TDI as shown here. 

Fig. 5. The basic gun -handle hype case is assembled from PVC pipes and plastic end caps. 

28 Fig. 6. Front -panel fabrication. The potentiometers and jack for the headphones mount here. 

Fig 6 Front Panel Fab 
Panel is cut from a 3 4 x 3-1" 

piece of .045 aluminum or .03 
gal. Cut corners to approach a 

circular shape. 

Note that holes must be accurately positioned 
for proper alignment to R12, R19 and J1 on 
the assembly or printed circuit board. 



Fig 7 Final view showing reflector 
PARA12 

From fig 4 

HTPFINAL 
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SH1 /SW3 (3 used) 
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cabe,y 

Dashed lines are end of EN1 enclosure 
tube with three mating holes for sheet 

metal screws SW3 for securing to PARA12 

parabolic dish. These are located at 120 

degree intervals. 

Adjust distance between transducer face and belly of dish for max 

signal from a known source. Position will also change sharpness 

of directional acceptance angle. 

Transducer 
tube 

BU1 
1 "IDx 
3/16" 
wall 

DRING 

TD1 

PARA12 

` -TUBE1 

Adjustable 
baffle plate 

Use small screws and slots in 

baffle plate to precise adjust. 

Face of 
transducer 

1.625" plastic cap CAP4 
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X -ray view of transducer tube showing mounting scheme 

Note shielded cable is 18" and is routed through a small hole in the rear cap CAP3 

and in PARA12 reflector 

TD1 is fitted into bushing BU1. Assembly is then inserted into the 5.5" x 1.625 

diameter enclosure TUBE and is spaced by the ORING. This scheme shock 

mounts the transducer and secures it in place. 

Transducer is wired as shown in fig.4 

Fig. 7. Parabolic dish assembly. The assembly is designed to allow the 

transducer to slide toward and away from the center of the dish fur tuning 
adjustment, so it needs a good length of shielded cable to allow it to do so. 29 
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PARTS LIST FOR THE 
ULTRASONIC LISTENING DEVICE 

SEMICONDUCTORS 
IC1 -LM074 op -amp 
IC2 -LM386 audio amplifier 
D1 -1N914 diode 
Q 1 -J202 N- channel FET 

RESISTORS 
R1, R21-10-ohm, %-watt, 5% 
R2-3900-ohm 
R3-10-megohm 
R4, R8, R18-10,000-ohm 
R5, R7, R10, R11, R14, R15-100,000-ohm 
R6, R9-470,000-ohm 
R12-10,000-ohm potentiometer, 17mm 
R13-2200-ohm 
R 16-1-megohm 
R17-4700-ohm 
R 19-10,000-ohm potentiometer, 17mm, with switch (S1) 
R20-47-ohm 
Rd-10,000-ohm 

CAPACITORS 
C1- 10 -µF, 25 volts, electrolytic 
C2, C3, C4, C6, C10, C12- 0,01 -pF, 25 volts, disk or plastic 
C5, C7, C13, C14 0.1 µF, 25 volts, disk or plastic 
C8- 0.047 -pF, 50 volts, plastic 
C9, C16- 100 µF, 25 volts, electrolytic 
CI1 -Not used 
C15- 1000 -pF, 25 volts, electrolytic 

ADDITIONAL PARTS AND MATERIALS 
L1 -27 -mH inductor (available from Mouser) 
J1 -3.5 -mm stereo audio jack wired for mono 
TD1 -25 -kHz acoustical receiving transducer 
Shielded mike cable, PC board or perfboard, insulating plastic, 

rubber mounting bushing for TD1, 9 -volt battery holder with 
I 2-inch leads (or 8 -AA holder for 12 -volt operation), two TA- 

inch plastic caps, one 1 X-inch plastic cap, 6 -inch long 3.5- 
inch diameter PVC pipe, 7 -inch long 1X -inch diameter PVC 
pipe, steel or aluminum shielding plate (see Fig. 4), head- 
phones, one 1% -inch plastic cap, one P46 -inch x 17/16-inch X 

il -inch rubber o -ring, one 5:4 -inch x 1% -inch O.D. plastic 
tube, #6 x X -inch sheet metal screws, 12 -inch plastic para- 
bolic reflector. 

Note: The following items are available from Information 
Unlimited, PO Box 716, Amherst, NH 03031, 800 -221 -1705, 
603 -673 -4730, www.amazing1.com, e -mail: infol @xtdl.com. 
Complete kit (includes headphones, PC board, and all parts 
except parabolic reflector, PNT9K), $99.50; Kit for PC board 
only (PNPCT9K), $39.50; single PC board w/o parts 
(PNPCT9), $7.50; custom -made ultrasonic transducer (single 
part only) (PNTDT9), $24.50; fully assembled PC board 
(PNPCT90), $59.50; parabolic reflector (PNPRT9), $39.50; 
fully assembled and tested unit (PNHT9O), $149.50. Both 
PNPCT9K and PNPCT9O include a transducer. 

L J 
Fig. 8. You can make your own PC board using this foil pattern. 

for tuning adjustment, so it does need a good length 
of shielded cable to allow it to do that. 

Using the Listener. Once the unit is completely assem- 
bled in the form you have chosen, it's up to you to find 
interesting sounds to listen to. Of course you'll have no 
problem finding new sounds... but you might have 
trouble identifying what they are and where they are 
coming from. Regardless, and whatever you do hear, 
you will have opened up a whole new world of sounds 
to listen to. P 

"vt1S ati 

"Oh, I get it now, you throw some stuff in a box 
and then it does something or other" 

"It replaces ten men, but it takes twenty technicians to keep it going!" 
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ROBERT NANCE DEE 

versatility, a turn counter mode has 
been added to the device to count 
turns on coil- winding machines or 
lathes. 

Theory. The Tach -Plus works by mea- 
suring the time it takes for a spinning 
shaft or object to make one com- 
plete revolution. It does this by "read- 
ing" a reflective strip of aluminum 
tape placed on a rotating surface. 
Once the time to make one revolu- 
tion is known, we can determine 
how many revolutions occur in a 
given period of time. 

The schematic of Tach -Plus is shown in Fig. 1. At the 
heart of the circuit is an Atmel AT90S2313 microchip 
(U2) running at 4 megahertz. It takes care of the math 
and coordinates the switches. The firmware, or pro- 
gram code, for U2 is available for download from the 
Poptronics Web site; and a preprogrammed chip is 

available from the source mentioned in the Parts List. 

Components R1, Cl, and U 1 -d form a 40 -kHz oscilla- 
tor. The signal is inverted by U 1 -e and U 1 -f to turn on 
transistor Q1 and connect D4 to ground. Emitter D4 
obtains 5 volts through Q2, which is controlled by U2 

pin 3 to save power. The effect is that the emitter 
diode turns on only when reading the reflective strip. 

On the detection side of things, the 40 -kHz pulse 
from the IR emitter is picked up by the IR detector (D2) 
and transferred to pin 3 of U4 -a, an LM358 op -amp. 
Inductors LI and L2 stop daylight from affecting the 
sensor. Op -amp U4 -a amplifies the signal about twen- 
ty times, while C5 blocks any DC offset from the op- 

amp before reaching the rectifier cir- 
cuit composed of D6, D5, C2, and R6. 

The rectified signal is amplified anoth- 
er twenty times by U4 -b before reach- 
ing Schottky inverter U1 -a, which 
cleans up the signal before presenting 

it to microchip U2 pin 6. 

Power for the circuit is supplied 
from either a 9 -volt battery or an AC- 
to-DC power adapter through jack 
J2. Bridge rectifier D3 allows the use 
of a wall transformer with a plug of 
either polarity, so it's not possible to 
connect the adapter backwards, 

although the 9 -volt battery must have 
correct polarity. Power regulator U3 

provides +5 volts. 

Construction. Tach -Plus can be built 
on a PC board as shown in the parts - 

placement diagram in Fig. 2 or point -to -point wired on 
perfboard. A PC board is available from the source 
given in the Parts List. If you want to make your own PC 

board, the upper and lower foil patterns for the dou- 
ble -sided board are provided in Figs. 3 and 4, respec- 
tively. The traces have been kept thick (.030- inch), and 
no traces run between IC pins. Be sure to solder short 
wires between both sides of the board at all through - 
hole locations where a component lead does not 
already do the job; and also make sure to solder leads 
on both sides wherever there's traces on both sides. 
Solder the IC sockets first and the display and switches 
last. Also examine Fig. 5 before soldering. 

Note that switches S1 and S2 have the hold -in pins 31 
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Fig. I. The schematic of Tach -Plus is shown above. At the heart of the cir- 
cuit is an Atmel AT90S2313 microchip (U2) running at 4 megahertz. It 
takes care of the math and coordinates the switches. 
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reaching the sensor. 

Testing and Troubleshooting. Before inserting 
their sockets, power up the unit and check foi 
on pin 20 of U2. Insert the ICs and press the 
switch. The display should show either "RPtMls" 01 

Counter," depending on the position of S3. An uni 
play may mean U2 is not working. Check the oscill, 
or the leads to the display for shorts or opens. With 'I 

HOLD /RUN switch released, move your hand up or, 
down in front of the sensor. The red indicator Dl shoulc 
light. If not, determine if the sensor side or the emitter 
side is not functioning. 

Tach -Plus uses a 40 -kHz oscillator, the same frequen- 

SEMICONDUCTORS 
U1 -40106 inverter 
U2- AT90S2313 AVR 
U3 -78L05 voltage regulator (TO -92A) 
U4- LM358N op -amp 
Q I, Q2- PN2222A transistor (TO -92B) 
D1 -LED indicator, any color 
D2 -IR detector, LTR -516AD 
D3- Bridge rectifier, DB 103 
D4-IR emitter, OED -EL -8L 
D5, D6- 1N914A diode 
DISP1 -LCD display, LCD-L1 67 100J 

RESISTORS 
(All resistors are I/4-watt, 5% units.) 
RI, R7-47,000-ohm 
R2-39-ohm 
R3-100-ohm 
R4, R9-R12-10,000-ohm 
R5-470-ohm 
R6-22,000-ohm 
R8, R16-1-megohm 
R13-680-ohm 
R14-390-ohm 
R15-1000-ohm 

PARTS LIST FOR THE TACH-PLUS 
CAPACITORS 
C 1-0.001-pF 
C2, C5, C6 0.1-pF 
C3, C4-22-pF 
C7, C8-470-RF 
C9-0.01-pF 

ADDITIONAL PARTS AND MATERIALS 
L1, L2- 82 -mH, metal encapsulated choke 
V1 -9 -volt battery 
XTAL1-4.0-MHz crystal 

J1 -SIP14 connector 
J2 -Power adapter jack 
S1 -S4 -DPDT switch 
Hardware, solder, 9 -volt battery, RadioShack case #270 -213, 

heat -shrink tubing. 
Note: The following items are available from Design 

Specialties, 4444 County Hwy 16, Delhi, NY 13753 or 
www.dsgnspec.com. Pre -programmed AT90S2313 chip, $16; 

double -sided silk- screened PC board, $11. Add $4 for ship- 
ping and handling. NYS residents please add appropriate 
sales tax. 
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Fig. 2. Tach -Plus can be built on a PC board as shown in the parts- place- 
ment diagram or point -to -point wired on perfboard. A PC board is avail- 
able from the source given in the Parts List. 

cy as most IR remote controls. Place a remote control 
in front of the sensor and press any button on it. (It's 
best to do this in the TURNS position.) The indicator light 
should flash. If it does, the trouble is in the emitter side 
of the circuit. Check the emitter of Q2 for +5 volts to 
see if U2 pin 3 is turning on the transistor. Make sure that 
the HOLD switch is in the RUN position, as U2 will turn off 
Q2 in the HOLD position. Check both oscillators if you 
have an oscilloscope or frequency counter. U2's clock 
frequency at pins 4 and 5 is 4 MHz, and the sensor cir- 
cuitry is 40 kHz measured at pin 8 of U l . 

You can check a malfunctioning sensor circuit by 
moving a piece of aluminum foil in front of the sensor 

-111 4- 
9 volts 

and emitter. Place a voltmeter on pin 5 of U4 -b while 
doing this. The voltage should vary from 0 to about 3 

volts. Pin 2 of U1 -a should vary from 0 to 5 volts at the 
same time, and pin 6 of U2 should also vary from 0 to 
5 volts. 

Do not place both the emitter and the sensor 
behind clear plastic, as the sensor is quite sensitive and 
will pick up the slightest reflected light from the IR emit- 
ting diode. Don't use a dark plastic lens either, like one 
from an old remote control, because it will shorten the 
working distance of the instrument. 

Final Check. Cut a two -inch round disk out of card- 33 
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Fig. 3. Here is the component -side foil pattern for the Tact -Plus. You can 
use this template to etch your own board. The traces have been kept thick 
(.030 -inch), and no traces run between IC pins. 

board or index card and tape a strip of '/- or % -inch 
aluminum foil to it, shiny side out, from the center to an 
outside edge as shown in Fig. 6 (you don't have to 
blacken the background). Attach the disk to a small 
hobby motor and connect the motor leads to a vari- 
able power supply. 

SWITCH FUNCTION: 

POSITION OUT 

93YAJ M TT S 
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Fig. 4. Here is the solder -side foil pattern for the Tach -Plus; and also 
make sure to solder leads on both sides wherever there's traces on both 
sides. 

Vary the speed of the motor and point Tach -Plus 
toward the spinning disk until the indicator LED blinks 
on and off. A constant on indicates that you are too 
close to the disk and a constant off indicates that you 
are too far away; position Tach -Plus so that you get a 
consistent reading. A four- to eight -inch distance 

TABLE 1 

HOLD / RUN: RUN Reads or counts 
20 ma. drain 

RESET: 

RPMS /TURNS: RPMS Reads rpms 
20 ma. drain 

ON / OFF OFF Power off 

IN 

HOLD Press momentarily (one to 
two read cycles). Holds 
last reading. 
About 12 ma. drain. 
Press RESET to restart 
run cycle 

RESET Resets Tach -Plus waits 
for next reflective pass. 
50 ma. drain 

TURNS Reads turns. Maximum 
speed is about 1000 

rpms. 50 ma. drain 

ON Power on. Waiting for 
Reflective reading. 
50 ma. drain. 

34 Table 1. Use the table above as a guide when setting the switches on the Tach -Plus. 
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Fig. 5. This diagram will help in aligning the sensor and emitter for best 

performance. Notice that the sensor is mounted .slightly aboie the circuit 
hoard to allow for slight adjustments in position if necessary. 

should yield the best results. An inconsistent reading 
might be caused by not having enough of the emitter 
diode shielded by the shrink tubing or if some metallic 
object is reflecting D4's light into the sensor. Make any 
adjustments before installing the board in a case. The 
board fits nicely inside RadioShack case #270 -213, but 
any case that fits will work. Just be sure to cut at least 
a % -inch high by 1 -inch wide window in front of the 
sensor D2. 

Using Tach -Plus. Table 1 shows show to use Tach -Plus' 
switches. Whatever you want to measure the speed of 
must have a reflective surface attached. The best 
material to use is aluminum tape of the type used for 
ductwork. Place a strip of reflective tape, about'/ -inch 
wide and 1 inch long, on the spinning shaft or object. 
Turn on the device, being careful not to catch your 
clothes, fingers, or limbs on any machinery, and hold 
Tach -Plus in position. 

Readings are held in the display (latched) for half a 
second before being updated. Note that the faster 
the object rotates, the faster the display will update. 
Taking readings in strong daylight will shorten the max- 
imum reading distance. Tach -Plus has been tested to 
work at over thirty five thousand rpm. The turn counter 

sensor emitter 

Fig. 6. Make sure the sensor and the emitter are inserted with the correct 
polarity (use the drawing above as a guide). 

mode is most reliable if Tach -Plus is held stationary dur- 
ing use. This mode counts total turns rather than turns 
per minute. The turn counter will measure as many as 

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

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

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

rMail coupon to: 

Electronics Technology Today, Inc. 
P.O. Box 240 Massapequa Park, NY 11762 -0240 

1 

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 resi- 

dents must add local sales tax. 

Name 

Address 

City State ZIP 

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

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

livery. ETO6J 
35 
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RC Timers and Timing Circuits 

Timers and timing circuits are used in 
wide variety of applications from 

short time delays of a few nanoseconds 
used in digital circuitry and computers 
to long periods of thousands of hours 
used to control daily, weekly, or yearly 
events. Electronic circuits can provide 
this function reliably, accurately, and 
repeatably, with no need for any user 
input or monitoring once the time has 
been set. 

While most timers used for everyday 
applications in consumer goods are now 
implemented with or are part of a 

microcontroller system, for simple 
applications this is not always necessary. 
The use of a simple circuit based on a 

555 -type timer or a multivibrator may 
be more appropriate in these cases. 
Where high accuracy is needed, a crystal 
oscillator and a divider chain can be 
used. 

There are a number of CMOS logic 
chips useful for this purpose. R -C (resis- 
tor- capacitor) or L -C circuits are useful 
where timing errors of a few percent are 
acceptable, but where accurate timing is 

a must crystal oscillators or other cir- 
cuits with stable resonators should be 
used. The oscillator circuit is often 

- S1 

referred to as the clock, since it gener- 
ates time intervals that are counted in 
some way to produce the desired timing 
interval. 

However, the simplest timers are 
based on the charging and discharging 
of a capacitor through a resistor or cur- 
rent source. This approach has been 
around for a long time, even though its 
accuracy is somewhat limited (1 -10 per- 
cent). We will confine this discussion to 
timers using RC components as timing 
elements. First, a few basic concepts. 

The Basics 
The voltage across a capacitor is equal 

to the charge on it divided by the capac- 
itance, in any consistent system of units. 
Charge is usually measured in Coulombs 
and capacitance in Farads. Current is 
defined as a flow of charge. The 
Ampere, or unit of current, is defined as 
that current produced by one coulomb 
of charge flowing across a given surface 
in one second. A one -ohm resistor will 
show a one -volt drop across it with one 
ampere (or one coulomb per second) 
flowing through it. In a practical situa- 
tion, the presence of one ampere of cur- 
rent in a wire signifies that one coulomb 

V, R, C are constants 

S2 

RELATIVE 
CURRENT 

of charge flows past a given point in one 
second. A one -farad capacitor will have a 

charge of one coulomb when there is 

one volt of potential difference between 
the plates. If we connect a one -ampere 
current source across a one -farad capac- 
itor, the voltage across it will rise at the 
rate of one volt per second, continuing 
to rise at this rate as long as the charging 
current remains constant. By knowing 
the current and the capacitance, we can 
accurately predict how long it will take 
to reach a certain voltage. This voltage 
may be that needed to produce some 
desired action. Conversely, if we know 
the capacitance, final voltage needed to 
produce that action, and the time delay 
desired, we can calculate the necessary 
charging current. This can be used as a 
basis for a timer circuit. 

However, the problem in real life is 
that one -farad capacitors and ideal one - 
ampere current sources are not very 
practical to use. One -farad capacitors 
are usually of the memory- backup type 
limited to low voltages used in logic cir- 
cuitry, and units rated at 15 volts or so 
are physically very large and expensive. 
One -ampere current sources involve 
extra electronic circuitry and are limited 

PLOT OF CHARGING 
CURRENT i(t) 

VS 
TIME 

RC 

FIG 1 R -C CHARGING CIRCUIT 
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FIG 2 SIMPLE TIMER CIRCUIT 

as to output voltages they can achieve 
and still maintain one- ampere current 
flow. This, at best, would be a few hun- 
dred volts and, practically speaking, 
could be dangerous to work with. Much 
smaller capacitors of a few microfarads 
or less and much lower charging cur- 
rents are used in practice. This allows 
use of standard -size electronic compo- 
nents. It is not necessary to use an ideal 
current source either. A voltage with a 

series resistance can be used instead. 

The Charging Circuit 
See Fig. 1, a basic R -C charging circuit. 

This circuit is generally well covered and 
"beat to death" in elementary electronics 
texts. When the switch Si is closed and S2 

is opened, voltage V is applied to the cir- 
cuit. Cl has initially (and ideally) zero volt- 
age across it and an initial current equaling 
V/R flows. However, the voltage across Cl 

starts to rise, and now the voltage across R1 

is slightly less. This causes the charging 
current to drop. This process continues, 
the current dropping as the capacitor 
charges toward a final value equal to the 
voltage V The exact waveform of the cur- 
rent is given by the mathematical plot of 
the function e^ -at where a = 1/RC and t = 

time. 
If one writes the loop equations for 

this circuit as follows: 

V=IR +Q/C 

where I = i(t) a function of time; Q = 

charge on capacitor; and the quantities 
V = supply volts, C = Capacitance, R = 

resistance are all constant, then: 

V - I(t)R = Q/C 

If V (supply voltage) is constant and 

CONTROL 
INPUT 

FIG 3 OP AMP TIMER 

Vs 

TIMER 
OUTPUT 

the value of C is also constant, then 
remembering that the current I is 

defined as the rate of flow of charge per 
unit time: 

AV/OT - [DI(t)/ AT] R = 

(AQ/AT) / C 

Remember, 0 symbolizes "change of." 
This can be expressed mathematically 

using derivatives. A derivative of a math- 
ematical function is the rate of change of 
one variable (current) with respect to 
another variable (time). If the rate of 
change is rapid, the derivative is large. If 
the function is a constant (no change), 
the derivative is zero. If two functions 
are identical, then their derivatives at a 

point are equal. Therefore: 

dV / dt - [di(t) / dt] R = (dQ / dt ) / C 

Now remember that current is the 
rate of flow of charge with respect to 
time past a given point. Therefore: 

i (t) = dQ / dt 

We said that the supply voltage V is 

constant and does not change with time 
so 

dV / dt is zero 

Therefore: 

- [di(t) / dt] R = i(t) / C 

or dividing both sides by R 

di(t) /dt = i(t) /RC 37 
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This differential equation says that 
i(t) has a rate of change with respect to 
time that equals the original current I(t) 
divided by RC, or it is its own derivative 
divided by a constant, which is RC. The 
mathematical function that has this 
property is equal to e raised to the power 
( -t/RC), written as a ^(- t/RC). "e" is the 
base of natural logarithms and is a nat- 
ural constant, which is approximately 
equal to 2.7182 (See a math book, it has 
a lot more decimal places). If this func- 
tion is plugged into the relationship 
above, the equation is satisfied, indicat- 
ing that indeed this is a solution to the 
differential equation. This exponential 
waveform has the shape shown in Fig 1. 

Note that it starts at a maximum and 
decays to zero. This is called the expo- 
nential decay and is characteristic of 
many natural processes (cooling off of a 
hot object, radioactive decay, certain 
chemical reactions, etc.). We are not 
going any further here with the math; 
get out your high school advanced alge- 
bra books if you are lost. 

As we said before, the voltage across 
the capacitor increases towards the sup- 
ply voltage V. 

As the current drops exponentially, 
the voltage drop across R drops in an 
identical fashion. The capacitor voltage 
is the voltage V (power supply voltage) 
minus the IR drop. 

1 

The Time Constant 
However, the capacitor voltage never 

quite reaches V. The product of R and C 
is called the time constant. It has the 
units of seconds. If R is in megohms, 
then C is in microfarads. Therefore a 1- 
megohm resistor and a 1- microfarad 
capacitor (very practical values) have a 
time constant of 1 second. In one time 
constant, the capacitor voltage will be 63 
percent of the source voltage. The cur- 
rent in R will be 37 percent of initial 
value. In two time constants, it will reach 
a little more than 86 percent of the sup- 
ply voltage, the current about 14 percent 
of initial. After three time constants, it 
will be 95 percent, with 5% current flow. 
After five time constants, it will be over 
99 percent; and the current will be less 
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than one percent of initial value. It never 
can equal the supply voltage, since this 
would require zero voltage across R; 
therefore, there would be zero current 
flow to get that "final step." 

Mathematically we say that the func- 
tion e ̂ ( -t/RC) approaches a limit of zero 
as time approaches infinity. Physically, it 
will never actually get there, but given 
enough time, it will approach as close as 
you like. The reason we mention this is 

to dispel a popular misconception that 
any RC timing circuit will have a time 
period equal to RC. The time period 
depends on both the RC product and 
the initial voltages across the capacitor 
or the resistor, as well as the final voltage 
needed to produce the required actions 
in the circuit. Therefore R -C timers can 
be severely affected by the circuit supply 
voltage, unless suitable precautions are 
taken to compensate them for voltage 
variation. The R -C circuit is usually 
reset by discharging the capacitor, 
preferably through some low resistance 
so as to limit the discharge current to a 

safe value. S2 is used for this function. 
As this was simply a demo circuit, no 
resistance was used. The discharge time 
constant would be RC, with R equaling 
the resistance of the switching circuit 

Figure 2 shows a very simple timing 
circuit using a single transistor and an R- 
C timing circuit. This circuit was used to 
switch on a device via an LED -photocell 
arrangement (opto- coupler). It produces 
a delay on powering up to ensure correct 
sequencing of certain equipment. C 1 

charges toward the power -supply volt- 
age (12 volts) through R1. When the 
voltage reaches 9.1 volts, zener diode D1 
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conducts, forward biasing the transistor 
Q1, turning it on. At about 9.8 volts, the 
zener diode and base of Q1 conduct 
heavily, taking the charging current 
from Cl. Cl can charge no higher and 
ceases to draw current. 

When power is turned off, the circuit 
is reset by Cl discharging through R1 

into the now zero voltage supply. The 
time can be varied by changing RI and 
C1, the zener voltage of DI, or the sup- 
ply voltage. Note that the 2.2 -K resistor 
and 100 -pf capacitor have a time con- 
stant of 0.22 seconds. The actual delay 
time is about 0.37 seconds since the 
capacitor has to charge to about 82 per- 
cent of the supply voltage, which takes 
1.7 time constants, and this is 1.7 X 0 2 

= .374 sec 
If the 12 -volt power supply malfunc- 

tioned and increased to 15 volts, the 
capacitor would have to charge to 9.8/15 
or 64 percent of the supply voltage. This 
would take slightly more than 1 time 
constant, 1.015 to be exact; and this 
would decrease the delay time of this 
circuit to close to 0.22 seconds. Note the 
change in delay time with supply volt- 
age. This change could cause premature 
turn on of the external controlled device 
with possible serious consequences. In 
practice, a critical function such as this 
would be handled by a microcontroller 
or other more sophisticated controller 
system, but the circuit shown demon- 
strates the principle. 

Op -Amps 
Circuits using op -amps can also be 

used as timers. In these circuits, voltage 

levels needed to set "trip points" can be 
derived from resistor -divider networks. 
The trip or reference voltages are deter- 
mined by ratios of resistor values, rather 
than absolute voltage levels. This helps 
them to be independent of supply volt- 
ages. Now operating conditions are 
determined by percentages of power 
supply voltage, not fixed parameters. 
The reference voltages will directly 
track the power supply voltages, auto- 
matically compensating for variations. 

A simple circuit is shown in Fig. 3. In 
this circuit an op -amp is used as a com- 
parator. The reference voltage is derived 
from the power supply by the use of a 

resistive divider, Ra and Rb, and sets a 
level at the inverting input of the ampli- 
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DISCHARGE'- 
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fier. CI normally would charge toward 
the power supply voltage Vcc if not for 
the switching transistor Q 1. For purpos- 
es of explanation, assume Ra = Rb. Then 
the reference level will be half the supply 
voltage. Initially the op -amp output 
voltage will be at its low limit, close to 
zero volts, since the capacitor voltage is 

held at zero by a switching transistor Q1 
that is biased on. 

When Q1 has its bias removed, it will 
cease conducting. Now Cl charges 
toward the supply voltage. When it 
reaches half of this voltage, its voltage 
will equal the voltage at the inverting 
input of the op -amp as set by Ra and Rb. 
When this voltage is passed, the op- 
amp, having very high gain, will switch; 
and its output will rise to nearly the sup- 
ply voltage at this point. The time that 
this occurs will be at a time interval 
equaling 0.692 times the RC time con- 
stant, since at this point the voltage on 
the capacitor will reach half the supply 
voltage. The op -amp output voltage 
could be used to switch on Q1 by con- 
trolling the bias on it. This would either 
end the cycle or cause it to repeat; 
depending on the exact way it was done. 
A circuit called a flip -flop could be used 
to do this. A flip -flop is an elementary 
memory circuit having two stable states, 
much like a toggle switch, and is con- 
trolled by applying a level or pulse to its 
inputs. This principle is used in a very 
popular integrated circuit used as a 

timer, the NE555. 

The NE555 Timer 
The NE555 timer and its various 
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related types are probably among the ten 
most popular and widely used IC devices 
of all time. The NE555 has existed for 
about thirty years and is a staple among 
experimenters. While the 555 is avail- 
able in bipolar and CMOS types (7555), 
the CMOS versions may prove to be 
somewhat more useful for many experi- 
menter applications. This is because the 
higher circuit impedances allow more 
reasonable values of R and C compo- 
nents, especially important where long 
time delays are required. These devices 
come in a DIP (dual inline) 8 -pin pack- 
age in thru-hole and surface -mount. 

A dual timer, the NE556, is also avail- 
able, as well as a quad version, the 
NE558. The NE555 is very versatile 
and can be used as an astable (free run- 
ning) timer /oscillator or as a one -shot 
(monostable) triggered timer. Figure 4 is 

a block diagram of the 555 device. It 
consists of two comparator amplifiers, a 

flip -flop, an output driver and a dis- 
charge transistor. A single external resis- 
tor, R, and capacitor, C, determine the 

time interval. The comparators are 
internally referenced by an internal 
resistive voltage divider at h and :'A of the 
supply voltage. The h voltage is brought 
out to a separate pin. This pin is often 
unconnected or bypassed to ground in 
many applications. The collector of the 
discharge transistor is also brought out 
to a separate pin. A reset input is provid- 
ed to reset the flip -flop. The bipolar 
NE555 can output 200 mA with a 15- 
volt supply, enough to directly drive 
many small loads. The pulse width can 
be from about a half a microsecond up to 
around an hour, depending on external 
components. About 20 to 30 minutes is 

about the maximum practical limit. 
Beyond this limit, an external count- 
down scheme using a frequency divider 
can be implemented. 

Generating A Pulse 
A circuit to generate a pulse is shown 

in Fig. 5. In this circuit, the flip -flop 
internal to the 555 is normally set so that 
the discharge transistor is conducting. A 
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negative going trigger or pulse is applied 
to the trigger input. This input is that of 
the lower comparator and is biased at 
V, The trigger must be negative going 
so as to drive the input below % VDD. 

Generally an AC- coupling capacitor is 

used so as not to upset the DC level 
here. This causes the comparator to 
change the state of the flip -flop, cutting 
off the discharge transistor. External 
capacitor Cl starts to charge through R1 

until it reaches zh Vcc. This takes about 
1.1 time constants. At this point, the 
upper comparator changes its state and 
resets the flip -flop. This causes the 
internal discharge switch transistor to 
turn on, discharging Cl. Note that the 
trigger to the lower comparator must be 
removed by this time, or else erroneous 
operation will result. Since the discharge 
transistor is directly connected to the 
threshold input and across the capacitor, 
this action is very rapid. 

The generated pulse appears at the 
device -output pin and has a period of 
close to 1.1 RC. This circuit can be used 
to trigger another timer circuit. 
Triggering in this mode occurs on the 
negative -going edge of the trigger pulse. 
Once the circuit is triggered, it will com- 
plete its cycle with no regard to extra 
triggers during this period. Resetting 
can be done via a pulse applied to the 
reset input. This resets the flip -flop and 
turns on the discharge transistor. 

The 555 can be used as an oscillator, 
with one extra resistor needed to do this. 
Figure 6 shows this configuration. The 
trigger pin is tied to the threshold pin. Rl 
is split into two parts, Ra, and Rb, and the 
discharge transistor is connected to their 
junction. When power is applied, the 
capacitor, C1, charges toward Vcc until 14 

VAC is reached. At that point, the discharge 
transistor turns on, discharging Cl 
through Rb until % Vcr is reached. Then, 
the comparator trips; and the discharge 
transistor turns off. Now the capacitor, 
Cl, charges again to h Vcc until this volt- 
age is reached. The capacitor voltage will 
switch between 34 Vcc and % Vec. Note that 
on startup the first cycle is longer, since 
the capacitor must charge between zero 
and h Vcc. On subsequent cycles, it starts 
from % Vcc, so the time for charging will 
be shorter. The formula for the frequency 
is given by: 

F = 1.49 / (Ra + 2 Rb)C1 

Note that by varying the ratio of Ra 
(Continued on page 56) 
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Wig -Wag Too 
The Wig -Wag circuit in the May 2002 

1.1 column is an interesting and compact 
solution to the problem; however, it can be 

made smaller. If a 74LS92 integrated cir- 
cuit is used in place of the original IC3, the 
original IC2 can be eliminated. In the cir- 
cuit I provided (see Fig. 1), the new IC2 is a 
divide by 6 counter that feeds a slightly dif- 
ferent decode circuit. IC3a and IC3b decode 

for counts 1, 2, 5 and 6 for the left lamp. 
IC3c decodes for counts 3 and 4, and IC3d 
decodes for counts 5 and 6. The outputs of 
IC3c and IC3d are combined to drive the 
right lamp. This creates two pulses on the 
left, two pulses on the right, and then two 

pulses on both. Thanks for an interesting 
magazine filed with a variety of electronics 
subjects. -Glenn Bray 

AGlenn taught this old dog a new trick. 
I had made the assumption that the 

74LS92 was similar to the sister coun- 
ters, 74LS90 and 74LS93, having an 
output that can be decoded in a binary 
fashion. When I worked out a timing 

diagram, I found that the circuit would 
work fine for the first six pulses and then 
things would go haywire. I contacted 
Glenn who sent me a timing diagram 
that he had done and steered me to the 
data sheets. I quickly found my error. 

This counter doesn't belong on the 
same pages of the data sheets as its 
cousins. It has a clean binary output for 
the first six states (up through count 
"5 "), but when it hits count "6," the 
"binary" output jumps to "8" because 
the first three flip -flops in the counter 
reset to zero while the "D" output goes 
high. The chip does fine as a divide -by- 
6 counter with a shortened BCD output 
using only the A, B, and C outputs. The 
final D output is a true divide -by -12 
output for frequency- division purposes 
with a symmetrical output, and that is 

probably why the first three flip -flops 
reset on a count of "6." A straight bina- 
ry counter with a forced reset of all four 
flip -flops after a count of "11" was 
reached would produce a non- symmet- 
rical output as does the 74LS90. 

It's also interesting how different 
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Fig. 1. This modified "Wig -Wag" circuit is an even smaller version than was originally presented 
and uses the output of a 74LS92 counter to generate the needed timing. 

READERS' QUESTIONS, EDITORS' ANSWERS 
CONDUCTED BY DEAN HUSTER 

approaches to a problem often produce 
different solutions. I started with a tim- 
ing diagram that I knew I needed for the 
lamps and worked my way back. I would 
guess that Glenn saw that there were six 

distinct states to the solution and 
jumped on a divide -by -six counter as a 

start. For a hobbyist, either solution will 
work. If this were to be a production of 
100,000 units, then consideration would 
have to be made as to how much money 
can be saved by killing off one chip. 
That could be considerable, in this case 
saving a few tens of thousands of dollars. 
However, the 74LS92 is a bit more diffi- 
cult to find, and that could be another 
problem altogether. I had only three of 
those in stock compared to having 
upwards of 300 or more various versions 
of the 7490 and 7493. 

ESD Wrist Straps 
It's interesting that I have yet to see a 

text on the CompTIA A+ Computer 
Technician Certification that has an 
accurate section on the electronics por- 
tion of the test. As far as I can tell, all of 
those books are written by "computer 
nerds" who have zero electronics experi- 
ence. One such book states that the rea- 
son for the resistor in the ground strap is 
to protect circuits from electrostatic dis- 
charge (ESD). If that's all we wanted to 
do, we wouldn't have a resistor in there, 
would we? That resistor is there to pro- 
tect the technician in case he or she con- 
tacts a live, higher -voltage circuit. 

One unidentified reader e- mailed me 
to mention that most safety recommen- 
dations state that such straps should 
NOT be worn when working on high - 
voltage circuits. That is very true, and all 
of the A+ texts that I've seen do stress 
that point. If you get into the high volt- 
age inside a computer monitor while 
wearing a wrist strap, that 1- megohm 
resistor will not limit current to a safe 
value for the technician. At least 10 mil - 
liamps of current will flow if you contact 
i 0KV or more, so things can get lethal. 
Wear a wrist strap only while working 
on the computer proper or with items 
scattered on a static -free work mat and 
not while working inside a monitor that 41 



uses a cathode -ray tube. (See previous 
discussion in June column.) 

Monodigichron Help 
In the July 2002 column, a reader asked 
for help in finding corrections for an 
"ancient" project. Reader Lynden 
McIntyre writes to mention an article in 
the January 1978 issue of Popular 
Electronics (page 70) titled "All Clock 
Chips Are Not Alike" by Michael S. 

Robbins. He says that according to the 
article, "National [Semiconductor Corp.] 
made a change in chip size in the chips 
dated 75/76 and the multiplex resistor 
(100K ohms) needs to be 200K or 300K 
ohms to work properly. The capacitor 
should be + or 2/3 [should that have been 
1/3, Lynden?] its value to match the resis- 
tor change respectively. Pin 23 is the 
MUX timing and in the Monodigichron 
circuit, this pin is connected to IC1, QI, 
Q2, and M. The author states that this 
change should be applied to the clock in 
the January 1976 issue of Popular 
Electronics and other past circuits." 

Unfortunate circumstances have 
forced me to box up all my old maga- 
zines, Lynden, so I won't have easy 
access to them for a few months. I would 
normally check the cited article thor- 
oughly to make sure that we've covered 
all the bases. In the interest of getting 
that Monodigichron circuit operating, I 
won't worry about double -checking 
things this time. Thanks for your input 
on this one. It would have taken a really 
thorough and in -depth magazine index- 
ing system to have found that article in 
any way except for a cover -to -cover read 
of every issue. 

"Well!" said Mr. Benny. 
Last month, I had an analog design for a 

timer circuit that was used as the annun- 
ciator for monitoring the activity of an 
otherwise silent submersible deep -well 
pump. I threatened to try a digital ver- 
sion in this month's column. I'm going 
to have to put that one off until I can get 
something better than my first run at the 
digital version. Try as I might, I still end 
up needing two timers. By the time I'm 
done, I still end up using 4 or 5 chips 
compared to 4 chips in the analog ver- 
sion; and the "digital" circuit is still a 

third analog. I was building the thing 
around a 4017 Johnson counter, a 

CMOS chip that I've learned to like 
42 quite a bit, running it with a one -second 

clock. Even if it does use an extra chip, it 
will eliminate around 20 passive compo- 
nents and 40 holes in a circuit board, so 
maybe it's a good trade -off. I still want it 
to be more digital than I have at the 
moment, so I'll wait. If I can't improve 
on it, I'll publish it anyway. I hope none 
of you were holding your breath for this 
one. Readers, feel free to submit a digi- 
tal version of the annunciator portion of 
the circuit. If it works and has a minimal 
parts count, I'll run it in the column, give 
you all kinds of credit and maybe send you 
a few coupons that I've clipped from the 
Sunday paper. The input to the annuncia- 
tor circuit will still be a zero -volt level 
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On the Internet: See our Web site at 
www.poptronics.com for information and files 
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zines (Electronics Now and Popular 
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when the pump is off and a +12 volt level 
when the pump is on. See last month's 
column for the other specifications. 

The Whiners 
QThanks for another informative issue of 
Poptronics. 1 am now retired, but have 

spent my entire life in electronics, both pro- 
fessionally and as a ham with the same call 
since 1948. 37 years of that professional life 

was spent with 2 -way radio and microwave, 
the last 15 as the department director of com- 

munications for a state -controlled turnpike. 
In the July issue you list a number of sources 

of interference from automobile ignition sys- 
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Replacement semiconductors: Replace- 
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and Thomson (SK), are available through 
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terns. There is one major one just now becoming 

more and more prevalent that you missed I 
have had trouble with my own mobile installa- 
tion along with many others who have the 

newer cars that use a fuel- tank -enclosed fuel 
pump. These are notorious for excessive igni- 
tion -type noises. I know of particular noise prob- 
lems with both Ford and GM cars and trucks. 

I was not exposed to Chrysler products or foreign 
vehicles in the same way, but the nature of a 
remote fuel pump lends itself well to much igni- 
tion noise. Mostly it will sound a lot like spark - 
plug -type interference, but not as strong. It does 

go up in pitch with higher engine speeds. -Carl 
Fisher 

ACarl, I had forgotten about those lit- 
tle monsters in the tanks. After 

replacing one on our Cherokee, I never 
did understand why they don't mount 
those things externally so that they're 
easier to replace. It makes no sense to 
place a motor that runs almost constant- 
ly (i.e., prone to a high failure rate) in 
such a beastly location. At least on older 
vehicles with steel tanks, the pump being 
inside that tank means that most of the 
RFI is sent out along the electrical lines 
and not radiated through the tank. The 
new vehicles with plastic tanks don't fare 
quite as well, and the noise is a little 
harder to squelch. Thanks for your 
insight into our noise problem. I believe 
that I was spending most of 1948 in ges- 
tation. Best of fortune in those active 
"retirement" years you mentioned in 
your letter. 

Reruns 
So far, this column is turning into one 
dedicated to following up on previously - 
published topics. I guess that happens 
sometimes. I wanted to mention that 
reader Eloy Gonzales and others have 
reported that they have built the "In- 
Circuit Capacitor Checker" project 
using the layouts that I had provided in 
the February 2002 column and on the 
"new" Electronic Bench forum (www. 
poptronics.com), and that they have 
worked well. This was good information 
for me, since I had designed the layout 
but had never built the project; so it had- 
n't been verified as a good layout yet. 
Whew! Now the pressure's off. 

Nuclear Timekeepers 
QI have read Poptronics and its predeces- 
sors for many years. However, I have 

never seen an article about atomic clocks. 

Mine is wonderful except when it goes crazy. 
Apparently, since it is inside the house which 
probably shields it, it does not get a good RF 
signal. What is the frequency? When is the 
signal sent? What is the code? I'd love to see 

something on this. -7.B., Visalia, CA 

ABecause of my background in metrol- 
ogy, this is a subject near and dear to 

my heart to which I could easily devote 
three months of columns. You have to 
go back 30 years to find any article on 
that subject. In the 1970s, Radio - 
Electronics featured a construction 
article for an "atomic clock." 

We can measure time more accurate- 
ly than anything. If we could measure 
the distance between a stake in the cen- 
ter of Oklahoma City and a stake in the 
center of Tulsa (about 100 miles) with 
the same precision, we would be accu- 
rate to around 6 microinches. To really 
drive the precision home for electronics 
students here in southeast Missouri, I 

calculated it once in deer -hunting terms, 
which may be politically incorrect for 
some of you. Disregarding all physical 
properties of and effects on projectiles, if 
you could aim and a rifle could fire with 
that same accuracy, you could sit on the 
moon with your rifle and pick the spot 
on a deer you wanted to hit. 

Normally, the term "atomic clock" is 

used synonymously with "atomic fre- 
quency standard," which is usually a 

cesium -beam frequency standard or 
could be the less -accurate rubidium fre- 
quency standard. Put simply, cesium - 
beam standards lock a microwave oscil- 
lator onto the very accurate atomic 
vibrations of the cesium atom as devel- 
oped in a special cesium beam tube. 
Agilent (formerly Hewlett- Packard) is 

undisputedly the world leader in that 
technology. World time and frequency 
standards are based upon the cesium 
standard, which is a primary standard. A 
primary standard is inherently accurate 
and cannot be adjusted. They can only 
be compared against other primary stan- 
dards and checked for general agreement. 

In our hobbies, our best frequency 
standards were usually a crystal calibra- 
tor in a shortwave receiver or the crystal 
oscillator timebase in a frequency counter. 
Receiving the standard frequency short- 
wave broadcasts of WWV WWVH or 
CHU (Canada) was our best method of 
checking these standards for accuracy, 
and they weren't that great. Because of 
the effects of the ionosphere on radio 
signals, good, ovenized crystal oscilla- 

tors have better stability than the short- 
wave broadcasts. Still, for many applica- 
tions, the shortwave broadcasts are 
great. 

In industry, you could use more 
expensive VLF receivers to pick up the 
60 -kHz WWVB broadcast. The accura- 
cy was far better, especially if you com- 
pared the signal against your local stan- 
dard for several days. Ultimately, the 
best accuracy could be found only if you 
had access to a rubidium or cesium fre- 
quency standard. 

There was a refreshing burst of tech- 
nology in the 1970s when television net- 
works began using rubidium or cesium 
standards for their broadcasts. This kept 
the color shifts to nearly zero as the sig- 
nal changed sources. The National 
Bureau of Standards, or the NIST 
(National Institute of Standards and 
Technology) as we now know it, moni- 
tored the network broadcasts and pub- 
lished monthly frequency offsets in 
arrears. Inexpensive circuits could be 
made to connect to your television for a 

near -cesium -quality frequency standard. 
Unfortunately, frame synchronizers 
became popular at the network and local 
levels for their ability to keep a picture 
on the screen with a signal loss, but 
these units destroyed the ability to main- 
tain a lock on the originating time stan- 
dard, so the NIST dropped that service. 

GPS (Global Positioning System) 
satellites have offered a new method of 
deriving cesium- accurate time signals at 
an affordable price. For around $3000, 
you can buy a GPS receiver that will 
phase -lock onto the cesium standard 
used by the satellites and provide nearly 
the same accuracy and precision as own- 
ing a $40,000 cesium -beam standard. 

Depending upon the brand, the clock 
you have picks up the radio signal from 
one of the HF (high frequency) 
WWV/WWVH broadcasts or the LF 
(low frequency) signal from WWVB. 
Embedded in any of those signals is a 

digital time code that the receiver 
demodulates and translates into the cor- 
rect time of day. For several years, 
Heathkit sold the "Most Accurate 
Clock" kit that scanned the 5 -, 10- and 
15 -MHz WWV/WWVH broadcasts 
and selected the strongest signal. We kit 
builders like our finished kits to light up 
and do something tangible when we first 
turn them on. Unfortunately, when you 
first turned "The Most Accurate Clock" 
on, it sat there with a blank display, 
dumb as a box of rocks, until it finally 43 



accessed and decoded several consecu- 
tive minutes of time signal. For a kit 
builder, the process was unnerving. In 
my case, the clock didn't light up until 
after it had operated overnight, because 
the internal whip antenna didn't receive 
the best signal. 

If your clock has an external antenna 
similar to the RadioShack 63 -970 
Radio -Controlled Clock (the proper 
name for one of these appliances), try 
repositioning the antenna 90 degrees 
from its current location and/or find a 

spot near a window that faces time 
mecca: Ft. Collins. If the clock has a 

built -in antenna, you'll have to move the 
entire clock to another spot, again a 90- 
degree shift possibly improving the 
reception at the internal antenna. You 
may have to go so far as to buy some 
strong suction cups so you can mount it 
in a Colorado -facing window. Of course, 
if you're living outside of the areas cov- 
ered by a compatible time -signal trans- 
mission, the clock simply will not work. 

NIST has a Web page that is a wealth 
of information about all of its timekeep- 
ing services. Nearly everything to know 
about the time and frequency stations, 
including the details of the broadcast 
digital time codes, as well as information 
on the types of clocks similar to yours 
are on the site. It's at www.boulder. 
nist.gov /timefreq and is a fascinating site 
to explore. 

Prospective Authors 
QI have been hying to ask the editors and 
producers via e-mail a simple question. I 

understand how busy all of you may get with 
mailings, but if there are too many to 

answer, then their e-mail addresses should 
not be posted. How do the featured projects 
get selected for print? Are the projects sub- 
mitted by enthusiasts or just ideas from the 
staff? If they are projects submitted by 

enthusiasts, then how does one go about sub- 
mitting a project? 

AThings do get hectic around the 
Gernsback office depending upon 

what time of the month it is and whether 
there is a lot of work required to 
straighten out new articles, layouts, 
authors, columnists, or whatever. Regular 
magazine staff rarely write for the mag- 
azine. Most articles are written by "out- 
side" authors, and even regular columns 
like this one are generated by "con- 
tributing editors." Most of us haven't 

44 even seen New York, let alone live there. 

Your first mistake may be that you're 
asking them, "Hey, how would you like 
me to write an article on atomic- refer- 
enced clocks ?" If you're kicking tires at 
the car dealer and some goofy guy 
comes up to you and says, "Hey, buddy, 
I'll build you a car better than one of 
these for only two hundred bucks," 
you're probably not going to waste any 
time putting a little distance between 
you and him. In other words, since the 
editors don't know you, don't ask about 
a potential article. Instead, send them 
the cleanest, nicest -looking article you 
can conjure up. Slap them in the face 
with what you can do rather than mak- 
ing them question your abilities. It'll 
save you a lot of time, too. 

How do articles get selected? The 
selection process depends upon several 
things. The subject should be one that 
will interest readers. It should be well - 
written using good grammar and have 
that elusive balance between being con- 
cise and providing sufficient detail. The 
article will be an example of the use of 
traditional high school theme elements. 
You should have nice drawings, illustra- 
tions, and photographs included. It 
shouldn't be too complex for the scope 
of the magazine, since the average read- 
er is a hobbyist and not a Ph.D. elec- 
tronics engineer. Make darned sure that 
it's your material and not someone else's. 
Look at the average feature article in the 
magazine for length. If you run your 
word processor with the columns set for 
2.13 inches, a top and bottom margin of 
1 inch and a 12 -point font, you'll be 
close to generating one magazine col- 
umn with each page, which is the way 
"Q & A" is set up. But they're experi- 
menting with layout, and you'll notice 
that many articles are two columns per 
page, fonts vary, and no longer are all 
schematics being redrawn in the official 
Poptronics form. 

As for submission, I would suggest 
that you send in your article in "typed," 
single- sided, full -page, double- spaced 
format. Illustrations should be separate 
from the text, included as separate pages 
in the finest, neatest, clearest form you 
can produce. Illustration captions 
should be complete sentences that help 
to draw the readers' interest to your arti- 
cle. Don't fold anything and send it in a 

9- X 11 -inch craft envelope. Don't send 
in anything that you want returned in 
case something awful happens some- 
where along the line. 

Your cold article submission is just 

like a job application and resume, and 
you want to put your best foot forward. 
If the editors see out -of -focus photos 
and sloppy, pencil -drawn schematics, 
you'll never get the "interview." 
Magazine editors salivate over sharp, 
black- and -white, 8- by 10 -inch glossy - 
finish photos. The less work they have 
to do increases your chance for selec- 
tion. Of course, if you've been reading 
issues from a year ago, you'll note that 
there are exceptions to the selection 
process. Some articles selected for pub- 
lishing have varied a bit from the tradi- 
tional choices and have generated 
appropriate reader feedback in the 
process. 

Writing to Q&A 
As always, we welcome your ques- 

tions. 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. P 
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PIC -tropics 
mailto: pic- tronics @gernsback.com 

Humidity Nigh Jinks 

Everybody talks about the weather, 
but do you know how the different 

forces work? This month I talk about 
humidity and how to measure it. 

A recent editorial in Sensors magazine 
really caught my attention. It talked 
about the migration of smart sensors 
into everyday appliances- something 
beyond a simple sun -up /sun -down lamp 
post fixture. They were alluding to a 

Web -linked microwave kitchen that 
starts cooking while you drive home - 
eh, not my cup of tea. Some things are 
better left to hands -on. 

It got me to thinking about the role 
that microcontrollers (like the PIC) and 
sensors play in our everyday lives. 
Already you'll find a microcontroller 
monitoring more than one sensor under 
the hood of your car to meter the fuel 
mixture for better gas mileage. They can 
also make sure your air conditioner 
doesn't turn on until it's time for you to 
come home, and not while you're at 
work in an air -conditioned office. I find 
these trends fascinating. 

Another thing that fascinates me is 

the weather, and what better excuse to 
segue into this month's column than to 
pair the two: PICs and sensors. 
Coincidentally, I recently ran across a 

cheap humidity sensor that resparked 
my interest in monitoring atmospheric 
conditions. This month I put humidity 
and its sensors into perspective -using a 

PIC, of course. And so our story begins. 

Give Me Water! 
I'm sure most of our readers know 

about an effect called the wind chill fac- 
tor, where it really feels colder than the 
thermometer says. Did you know that an 
abundance of moisture in the air can 
cause the opposite- overheating? Of 
course you do -it's called humidity. 

Even though it's commonly referred 
to as humidity, the correct term for 
water in the air is relative humidity, or 
RH for short. In this condition it's called 
water vapor, and the point at which the 
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Fig. 1. The RH sensor converts humidity into capacitance. 

air reaches water saturation is called the 
dew point. (Fog is a special case of satu- 
rated air that you can actually see.) 

Relative humidity is the amount of 
water in the air relative to the air tem- 
perature. The warmer the air is, the 
more water vapor it can hold. Why is 

humidity important to us? Our body 
cools itself through perspiration, which 
is a venting of body moisture to the out- 
side air -and like the wind chill effect, it 
cools us. The higher the RH factor, the 
more water in the air, and the hotter we 
feel because the skin moisture can't 
evaporate as quickly. 

About The Sensor 
Measuring RH can be tricky. The 

problem has always been matching the 
sensor to both temperature and mois- 
ture, and a lot of methods have been 
tried over the years. Most RH sensors 

100 

today are capacitance transducers -as 
the humidity increases, so does the 
capacitance. This is the type of RH sen- 
sor I'll be using for this project (Fig. 1). 

If you read last month's column, then 
you know that I used an analog -to -digi- 
tal (A/D) converter to change a temper- 
ature into a voltage and then into a dig- 
ital value that the PIC processed for dis- 
play on an LCD. I could have done the 
same this time by using the capacitance 
to control the frequency of an oscillator 
and then using a voltage -to- frequency 
(F/V) circuit to convert the frequency 
into a voltage. That takes a lot of exter- 
nal hardware and is a waste of PIC 
power. 

Instead, I used the capacitance to con- 
trol the pulse width of a monostable 
multivibrator. As the RH increases, so 
does the width of the output pulse. Not 
only does it reduce the external semi- 45 
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Fig. 2. Scaling the display is achieved by using a "tare" value to offset the latent capacitance of the 
sensor. This practice also simplifies the program code. 

conductor count to a single 555 timer 
IC -more importantly, it lets me exploit 
the Capture feature of the 16F628 PIC. 

Time is measured in increments, 
whether those increment be in seconds, 
hours, or days. This is something a 

microcontroller like the PIC is good at, 
because it has a stable clock reference to 
which an event can be compared. 
Usually this is done by using the event 
(in this case, the output pulse from the 
monostable multivibrator) to begin a 

counter that counts the number of clock 
pulses between the beginning and end- 
ing of the event. (See Fig. 2a). This is 

basically what the 16F628 Capture 
mode does. 

About The Capture Module 
Seems simple enough: Start the 

counter on the rising edge and stop it on 
the falling edge. However, the number 
that's returned using this method has to 
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be scaled using an algorithm (oh, 
no...not math!) so that the display will 
read 0% (no moisture) to 100% (fully 
saturated). This can be tricky: The algo- 
rithm has to be fitted for the sensor in 
hand because no two RH sensors are 
exactly alike. 

Well, I thought and thought, and 
came up with a simpler way that doesn't 
involve a conversion algorithm. To 
understand my ploy, think of a truck 
going through a weigh station. First the 
truck is weighed, then the scale master 
subtracts the weight of the truck from 
the measured gross weight and comes up 
with a number that represents the actual 
weight of the load aboard the truck. The 
difference between gross and load 
weight is a "tare." 

Guess what? RH sensors have a tare, 
too, in a latent capacitance value. That 
is, even at zero humidity the sensor has a 

capacitance that can be measured. So, it 
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Fig. 3. Above is the schematic of the humidity gauge. The 555 forms a monostable pulse generator; 
the width of the pulse is controlled by the capacitance of the RH sensor. As the RH capacitance 

46 increases, so does the pulse width. 

was a simple task to scale the tare weight 
so that at 0% the LCD read 00.0, and 
then measure the time between the tare 
and the end of the pulse (Fig. 2b). Yes, 

this took some math to figure out, but 
you don't have to see it. Suffice it to say 
that a timing resistor of 2.4 megohms 
gives exactly 100 clock pulses between a 
pulse width of 945 pS and 1045 pS- 
which is the capacitance change of the 
RH sensor between 0% and 100% for 
the values above. 

Enter the Capture module. The 
Capture module is a unique PIC feature 
that acts a lot like a truck scale. On the 
rising edge of an event, the Capture 
module starts a counter...well, counting. 
After a the pulse ends, the tare is sub- 
tracted from the time recorded and the 
difference saved. 

Onto The Capture Code 
For this discussion, refer to the code 

in Listing 1. The Capture module has a 

16 -bit register (actually it's two 8 -bit 
concatenated registers that are assigned 
high and low priorities) that can be start- 
ed on either the rising or falling edge of 
an input signal. For our application, the 
rising edge is the trigger. The Capture 
module is set for rising -edge capture on 
the first line of the "read- humidity" rou- 
tine (movlw b'00000101') (see Listing 1). 

The Capture flag is cleared and a 

pulse is output to the monostable oscil- 
lator to start the timer. A short routine, 
"rising_capture_loop," ensures the 
monostable has responded to the trigger 
pulse by detecting a rising edge on its 
output and turning the trigger pulse off. 

This starts the Capture module 
(save_start_time). It also resets the 
Capture module to respond to a falling 
edge -the end of the event. So every- 
thing goes, counting the clock pulses, 
until counting is halted on detection of a 

falling edge of the monostable multi- 
vibrator. Now, the real work begins. 

A time stamp was recorded when the 
trigger was initiated, and another 
recorded when the counting stopped. 
The time difference is calculated, and 
the value passed along to the RESULT 
register. From this, the fixed value of 
945 (the tare value, remember) is sub- 
tracted. The result is the actual RH- 
already scaled -ready for direct output 
to the LCD display. 

Notice that the program only reads 
the lower section (LSB) of the humidity 
register and not both the upper and 
lower for the LCD reading. Why, you 



ask? Because the number in that register 
has a value between 0 and 100. Since 
both segments of the register can hold 8 

bits each, we know that the upper regis- 
ter contains nothing but zeros, so there's 
no point in looking at it. 

Let's Build It 
Enough classroom for today. Let's get 

our hands dirty and actually make this 
thing work. Thanks to the Capture 
module, the external hardware has been 
reduced to a 555 timer, two resistors, 
four capacitors, an LCD display, and the 
PIC itself. The schematic is shown in 
Fig. 3. 

Let's talk about the 555 -which must 
be CMOS type for proper operation - 
because it is the heart of the circuit. The 
chip is configured as a monostable mul- 
tivibrator. Unlike an astable multivibra- 
tor, which is free running, the mono - 
stable requires an external pulse to start 
it oscillating. This causes the output (pin 
3) to go high. After a time period deter- 
mined by a resistor- capacitor combina- 
tion, the output goes low and the circuit 
resets itself, ready for another trigger 
pulse to start the timer again. 

The RH sensor is part of that timing 
circuit, and the one I chose has a value of 
130 pF at 55% humidity. If you look at 
Fig. 1 carefully, you'll see that the capac- 
itance curve isn't exactly linear. It devi- 
ates by about 1 pF. One way to linearize 
the curve is to add a small "padder" 
capacitor across the sensor, like Cl in 
our circuit. It's not perfect, but it's a lot 
easier to implement than other methods. 
I'm sure you'll find more deviation in 
the RH as you walk past the sensor than 
you will in the curve itself -I did. 

I also noticed that some sensors have 
a resistance in parallel with the capaci- 
tance-a resistance that was affecting 
the reading. To remove the effect, I 

placed a .01 -pF capacitor in series with 
the sensor. This capacitance is large 
enough that it doesn't affect the capaci- 
tance value of the sensor (Ct = Csensor * 

C4 /Csensor + C4), but it does isolate the 
stray resistance to the sensor alone, not 
the multi- vibrator. 

Calibration 
Even though the datasheet specifies 

122 pF at 45% humidity (Table 1), it 
also says that it can vary by as much as 

±15 %-or 36.6 pF. This variation does- 
n't affect the linearity, but it will force a 

change in the value of R1. Using a dif- 
ferent type of RH sensor will also 

LISTING 1 
********************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

** 

Read Humidity 

** 

;Description: This procedure reads the value of humidity 
from the attached 555 IC. 

** 

;Registers Required: Four registers are required in Bank 0, the 

y are 

STARTH ;stores the 16 -bit start time 

STARTL 
FINISHH ;stores the 16 -bit finish time 
FINISHL 
humidity ;stores the result 

;Pins Required: Two pins are required: on output to trigger the 55 

5 input (pin 2) 
and the Capture module 1 input that reads 

the 555 output(pin 3). 

RTB,3 

PIC. 

ds to be set. 

#define trigger PORTB,2 

assigned by PIC Capture module 1 PO 

The PORTB,2 pin can be changed to suit any 

The Port direction register (TRIS)also nee 

;Procedure Calls: read_humidity 

Reads the humidity and places the result i 

n the humidity register. 

;Other Modules Req.: SubIntl6.inc 

The 16 -bit integer subtraction routine. 

read_humidity 

movlw b'00000101' 
on rising edge 

movwf CCP1CON 

Start of Code * * * ** * * * * * * * * * * * * * * *** 

;load control register for capture 

bcf PIR1,CCP1IF ;clear the capture flag 

movlw 0x00 ;clear timer 1 

movwf TMR1L 
movwf TMR1H 

bcf trigger ;fire negative pulse for 555 trigger 

rising_capture_loop 

btfss PIR1,CCP1IF ;wait for rising edge on 555 outpu 

goto rising_capture_loop 

bsf trigger ;rising edge detected, turn off trigger pu 

t 

lse 

save_start_time 

(Listing continued on next page) 47 



movf 
movwf 
movf 
movwf 

CCPR1L,W 
STARTL 
CCPR1H,W 
STARTH 

change_capture_mode 
movlw b'00000100' 

on falling edge 
movwf CCP1CON 
bcf PIR1,CCP1IF 

falling_capture_loop 
btfss PIR1,CCP1IF 

ut 

;save start time 

;load control register for capture 

;clear capture flag 

;wait for falling edge on 555 outp 

goto falling_capture_loop 

save_finish_time 
movf CCPR1L,W 
movwf FINISHL 
movf CCPR1H,W 
movwf FINISHH 

movlw 0x00 
movwf CCP1CON 

;save finish time 

;turn off capture mode 

subtract start finish ;load saved values for subtraction 

movf 
movwf 
movf 
movwf 
movf 
movwf 
movf 
movwf 

FINISHH,W 
INTEGER_A_HIGH 
FINISHL,W 
INTEGER_A_LOW 
STARTH,W 
INTEGER_B_HIGH 
STARTL,W 
INTEGER_B_LOW 

call subtract 
finish time 

register 

subtract_330 

lue 

ULT 

r 

the 

movf RESULT_HIGH,W 
movwf INTEGER_A_HIGH 
movf RESULT_LOW,W 
movwf INTEGER A LOW 

movlw 0x03 

movwf 
movlw 
movwf 

INTEGER_B_HIGH 
Oxbl 
INTEGER_B_LOW 

call subtract 

movf RESULT_LOW,W 

movwf humidity 
e register 

return 

;value A is the finish time 

;value B is the start time 

;subtract the start time from the 

;the result is saved in the RESULT 

;load result from previous into A 

;load 945 into B, fixed va 

;subtract 945 from the RES 

;place in humidity registe 

;the humidity value is located in 

;lower (LSB) section of th 

;go back to main menu 

As you know, I program in assembly language using modules. This is the module that converts the 
555 output pulse into an RH value. 

prompt a change in R1. 
Depending on your ambient air con- 

ditions, this can be easy or difficult. If 
48 you're in an air -conditioned room, it's a 

safe bet that the RH is close to 50 %. 
With that in mind, adjust the value of 
R1 so that the LCD reads 50 %. If the 
original reading is too low, R1 has to be 

PARTS LIST FOR 
THE HUMIDITY SENSOR 

SEMICONDUCTORS 
IC 1 -555 - CMOS version only 
IC2- 16F628 PIC 

RESISTORS 
R I -2.4- megohms 
R2 -1000 -ohm 

CAPACITORS 
C 1 -15 -pF 
C2- Philips H1 humidity sensor 
C3- .01 -µF 
C4- .01 -µF 

ADDITIONAL PARTS 
AND MATERIALS 
LCD display, LM78L05 voltage regula- 

tor, 9 -volt battery with battery clip, 
8 -pin IC socket,l8 -pin IC socket, 
prototyping board. 

A kit of the above parts is available for 
$22 from Futurlec, 1133 Broadway, 
Suite 706, New York, NY 10010 
(www.futurlec.com), and includes a 
programmed PIC. A programmed 
PIC is also available separately for 
$12. 

increased; too high a reading means you 
have to decrease Rl. 

For a more accurate calibration, 
you'll need to use the Saturated Salt 
Solution method, which depends on 
evaporating a salt in a controlled atmos- 
phere. Table 2 is a chart of the saturated 
salts and their relative humidity value. 
For best accuracy, the salts should be of 
lab quality that you can buy from Fisher 
Scientific (www.ftsherchemicals.co.uk) or 
The Science Company (800- 372 -6726; 
www.sciencecompany.com/home/prices_che 
ms.cfm ?site = cosco) (see Table 2). 

To perform the calibration you need a 

couple of wide -mouth jars about four 
inches wide and at least four inches tall. 
You also need a tight stopper. Dissolve 
the salt in an amount of distilled water 
(not tap water) and let it set in a dark 
place at room temperature so that the air 
in the bottle saturates with the salt. 
Insert the RH sensor into the bottle, 
being very careful not to let it touch the 
sides or come in contact with the liquid. 
Replace the stopper, leave everything set 
for about 15 minutes, and adjust RI for 
a proper reading. 

If you wish to linearize the scale for 
better accuracy, take another measure- 



TABLE 1 

PARAMETER VALUE UNIT 

Humidity range (RH) 10 to 90 % 

Capacitance at +25 °C; 43% RH; 100kHz 122 ±15% pF 

Tan S at +25 °C; 100 kHz; 43% RH <0.035 

Sensitivity between 12 and 75% RH 0.4 ±0.05 pF / %RH 

Frequency range 1 to 1000 kHz 

Temperature dependence 0.1 %RH /K 

Response time in minutes 
(to 90% of indicated RH change at +25°C, in circulating air): 

between 10 and 43% RH 

between 43 and 90% RH 

<3 
<5 

Hysteresis (for RH excursion of 10 to 90 to 10 %) =3 

Maximum AC or DC voltage 15 V 

Storage humidity range (RH) 0 to 100 

Ambient temperature range: 
operating 

storage 

0 to +85 

-25 to +85 

°C 

°C 

Mass =1.3 g 

TABLE 2 

SALT FORMULA RH ® 25C 

Lithium chloride LiCI 11.3% 
Potassium acetate KC2H302 22.5% 
Magnesium chloride MgC12 32.8% 
Potassium carbonate K2CO3 43.2% 
Magnesium nitrate Mg(NO3)2 52.9% 
Sodium chloride NaCI 75.3% 
Potassium chloride KCI 84.3% 
Potassium nitrate KNO3 93.6% 
Potassium sulfate K2SO4 97.3% 

ment using a different salt. It's best to 
use a low RH salt like magnesium chlo- 
ride for the first measurement and a 

higher RH salt like sodium chloride for 
the next. Compare the two and see if 
they fall at the right points on the dis- 
play. If not, adjust the tare value located 
in the INTEGER_B register under the 
"subtract_3 30" heading. If the points are 
too far apart, increase the tare; reduce 
the number if they are too close together. 

When doing this calibration, be 
aware of the sensor's limitations. It's 
specified for a range between 10% and 
90 %, and the closer you get to the end 
points the more error it will have. Before 
you go say "oh, great!," keep in mind 
this isn't supposed to be a laboratory- 
quality instrument. Instead, it's designed 
to be a meteorological element for mea- 
suring everyday humidity with reason- 
able accuracy. Other RH sensors, like 

those from Humirel, have a wider range 

and are more l'near -and will work fine 
in this design with the above -mentioned 
changes. Note that the more accurate 
the sensor, the more it costs. 

That's it for now. Next month's project 
is a rotary encoder processor that can be 

used for absolute shaft position and/or 
rotational speed. It makes a fine position 
monitor for a CNC tool -or a nifty wind 
indicator. 'HI then, have fun. P 

"l hare one little problem, I don't 
hire any idea what I'm doing." 

VCR 
Cross Reference 

NOW Find the right Part 
for your VCR 

Gros 
R°i°ro^c° 

6 Par' M/uM,bera 

ver.ró4` 

..a ,.,: : 
,:.. 

With the 

MEET 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 

Phone 

Enclose $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 $ 
Check enclosed -do not sad cash 
or please charge my credit card. 

visa MasterCard Exp. Date /_i 
Card No. 

Signature 
New York State residents muet add applicable local 
sales tax to total US funds only. Use US bank check 

international Money caeca. CB02, 
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BiPedal Walher Robot, Part 3 

Welcome to Part 3 of our bipedal 
walker robot. In Part 2 we left off 

with a single leg on the stand operating 
from a Windows interface. We continue 
by building the second leg. The second 
leg is built the same as the first and is 
attached to the hip bar. 

Creating A Natural Stance 
When the servomotors are attached 

to the U- brackets, I positioned the ser- 
vomotor shaft in its center position and 
placed the servomotor itself in a center 
position inside the U- bracket. This pro- 
vided equal servomotor travel in both 
the clockwise (CW) and counter clock- 

Original Position 

Servomotor 

U- Bracket 

wise (CCW) rotation. What I quickly 
found was that I wanted the bi -pedal 
robot (legs) to be in a natural stance 
(balanced and neutral) when standing 
still. By natural stance I mean that each 
servomotor should be in (or close to) its 
center position when in a resting position. 

The natural stance position I am try- 
ing for this robot is shown in the photo. 
To accomplish this I needed to offset the 
servomotors from their original center 
position. The servomotors are num- 
bered 1 through 4 for the first leg start- 
ing at the top with servomotor number 
one and working down. In the second 
leg the servomotors are labeled 5 

Servos 
1 &5 
Rot: 45' 

Servos 
2 &6 
Rot -90' 

Servos 
3 &7 
Rot -45' 

Fig. 1. This is my current starting position and may change as I continue 
to develop the bi -pedal robot and its walking gait. It's easy to see that 

50 other offset angles are possible. 

JOHN (OVINE 

through 8, starting at the top with ser- 
vomotor number 5. 

Examine the photo. Servomotors 1 

and 5 are angled at 45 degrees. This 
means that the U- bracket is at 45 
degrees in reference to the servomotor 
when the servomotor shaft is at its 
approximate center. Servomotors 2 and 
6 are angled at -90 degrees. Servomotors 
3 and 7 are angled at -45 degrees. The 
finished leg is shown to the left. 

This is my current starting position 
and may change as I continue to develop 
the bi -pedal robot and its walking gait. 
It's easy to see that other offset angles 
are possible as shown in Fig. 1. Again let 

75 

Fig. 2. Using the Windows servomotor program, I am able to position the 
legs to stand up by themselves without any support from the stand. 



05V 

R6 R7 

IOKn 10Kn 

r SW3 

o 

{ 

+5V 

R1 

IOKn 
R5 
10(n 

SW2 
o 

n +5V 

+5V 

R2 

IOKn 
at 
IOKo 

SW I 

+5V 

If 13 RB2 

UI RI 
1.ncn CI 

-.IBF 

MLR 4--I %I 

OSCL 
ü 1 

O'sC2IL--- S-14 

+5V 

SERIAL LCD DISPLAY 

RIO 

PIC 16F8Y 

Fig. 3. While the schematic calls for four SPDT switches, 1 have found it easier just to touch the base 

of any 10K resistor with a ground wire to activate that function. 

me repeat this, I may change the servo- 
motor offset angles in the future. 

Learning To Stand 
Using the Windows servomotor pro- 

gram I am able to position the legs to 
stand up by themselves without any sup- 
port from the stand, see Fig. 2. However 
when I tried to move the servos to take a 

step forward, the bi -pedal falls. What's 
happening is that the slow update speed 
(2 -3 Hz) of the Windows interface to 
the PIC servomotor controller makes :all 

the servomotor movements jerky and 
continually shaking -not what you need 
when learning how to walk. In addition 
because of the slow update speed, the 
servomotors are not producing the 
torque they are capable of producing. So 

The natural stance position I am trying for this 
robot is shown in the photo above. To accom- 
plish this 1 needed to offset the servomotors from 
their original center position. 

PICBasic Pro Program: 

when attempting to take a step the ser- 
vomotors are not strong enough to hold 
their position firmly. 

This situation can be corrected by 
increasing the servomotor update speeds 
from 3Hz to the proper 50 Hz. My first 
approach was software. I again tried to 
increase the baud rate from 2400 to 
9600 baud. A 4X increase in update 
speed just might do the trick; unfortu- 
nately, at 9600 baud serial errors crept in 
again and it failed. Nonetheless, it was 

an interesting experiment; at 9600 baud 
the legs were never stable, jerking and 
dancing about on their own. However, it 
showed how strongly and quickly the 
servomotors can respond. 

What I need at this point is to achieve 
a higher servomotor update speed. The 
weak link is the serial interface between 
Windows and the PIC Microcontroller. 
Since the PIC microcontroller by itself 

LISTING 1 

`Manual control of four servomotors using 4 SPDT switches 

` Use B1 to hold pulsewidth variable for servo 1 

I Use B2 to hold pulsewidth variable for servo 2 

I Use B3 to hold pulsewidth variable for servo 3 

I Use B4 to hold pulsewidth variable for servo 4 

`Declare Variables 

B1 VAR BYTE 
B2 VAR BYTE 
B3 VAR BYTE 
B4 VAR BYTE 

`Initialize Variables 

B1 = 150 
B2 = 150 
B3 = 150 
B4 = 150 

Pause 1000 
tialize 

start: 

`Output servomotor position 

PulsOut PORTB.7, B1 
PulsOut PORTB.6, B2 
Pulsout PORTB.5, B3 
PulsOut PORTB.4, B4 

I Check for switch closures 

IF PORTA.0 = 0 Then leftl 
IF PORTA.1 = 0 Then rightl 
IF PORTA.2 = 0 Then left2 
IF PORTA.3 = 0 Then rightl 
IF PORTB.O = 0 Then left3 

`start servo 1 at center position 
`start servo 2 at center position 
`start servo 3 at center position 
`start servo 4 at center position 

`Wait a second for LCD display to ini- 

'send current servo 1 position out 
`send current servo 2 position out 
`send current servo 3 position out 
`send current servo 4 position out 

`is swl left active? 
`is swl right active? 
`is sw2 left active? 
`is sw2 right active? 
`is sw3 left active? 

(Listing continued on next page) 51 
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IF PORTB.1 = 0 Then right3 
IF PORTB.2 = 0 Then left4 
IF PORTB.3 = 0 Then right4 

`is sw3 right active? 
'is sw4 left active? 
`is sw4 right active? 

`Print servomotor data @ 2400 baud Inverted 
`Note Serout command will add pause to routine. 

SerOut PORTA.4,4,[254,1281 `LCD cursor to line I first position 
SerOut PORTA.4,4,[ #B1," a #B2," ", #B2," ", #B4," "1 

GoTo start 

`Routines for Servomotor 1 

leftl: 
B1 =B1 +1 
IF B1 > 254 Then maxl 
GoTo start 
rightl: 
B1 =B1 -i 
IF B1 < 75 Then mini 
GoTo start 
maxi: 
B1 =254 
GoTo start 
minl: 
BI = 75 
GoTo start 

`Routines for Servomotor 2 
left2: 
B2 = B2 + I 
IF B2 > 254 Then max2 
GoTo start 
right2: 
B2 = B2 - 1 

IF B2 < 75 Then tnin2 
GoTo start 
max2: 
B2 = 254 
GoTo start 
mint: 
B2 = 75 
GoTo start 

`Routines for Servomotor 3 

left3: 
B3 = B3 + 1 

IF B3 > 254 Then max3 
GoTo start 
right3: 
B3 = B3 - 1 

IF B3 < 75 Then min3 
GoTo start 
max3: 
B3 = 254 
GoTo start 
min3: 
B3 = 75 
GoTo start 

`Routines for Servomotor 4 
left4: 
B4 =B4 +1 
IF B4 > 254 Then max4 
GoTo start 
right4: 
B4 =B4 -1 
IF B4 < 75 Then min4 
GoTo start 
max4: 
B4 =254 
GoTo start 
min4: 
B4 =75 
GoTo start 

`increase the pulse width 
`maximum 2.54 millisecond 

`decrease the pulse width 
`minimum .75 millisecond 

`cap max B1 at 2.54 milliseconds 

`cap min B1 at .75 millisecond 

`increase the pulse width 
`maximum 2.54 millisecond 

`decrease the pulse width 
`minimum .75 millisecond 

`cap max B2 at 2.54 milliseconds 

`cap min B2 at .75 millisecond 

`increase the pulse width 
`maximum 2.54 millisecond 

`decrease the pulse width 
`minimum .75 millisecond 

`cap max B3 at 2.54 milliseconds 

`cap min B3 at .75 millisecond 

`increase the pulse width 
`maximum 2.54 millisecond 

`decrease the pulse width 
`minimum .75 millisecond 

`cap max B4 at 2.54 milliseconds 

`cap min B4 at .75 millisecond 

is capable of handling multiple servomo- 
tors without any problem, I decided to 
abandon the Windows interface and 
build a self -sufficient PIC servomotor 
controller. 

Back To The Hardware 
In the past I have learned that to con- 

trol a servomotor from a PIC chip 
requires a minimum of three I/O lines. 
One I/O transmits the pulse width (posi- 
tioning information) to the servomotor 
and the other two I/O lines read switch 
closures for CW or CCW rotation. The 
16F84 has 13 I/O lines available. Using 
this PIC microcontroller allows us to 
control four servomotors (12 I/O line) 
phis have one extra UO line we can use 
to display the servomotor positions. 

Since each circuit can control four 
servomotors (1 leg) we need two identi- 
cal circuits to control two legs. The 
schematic shown in Fig. 3 will control 
one leg manually. While the schematic 
calls for four SPDT switches I have 
found it easier just to touch the base of 
any IOK resistor with a ground wire to 
activate that function. 

The hex file for the above program 
(current version and/or improved ver- 
sions) may be freely downloaded from 
www.imagesco.camicatalogibiped/walkerhtml. 
The weak link in this program is the 
LCD display routine; it's taking too 
much time to display the pulse width 
numbers for each servomotor. With the 
LCD display routine in the program, 
the servomotors are still jerky -faster 
than the Windows interface program, 
but still a little slow. When I removed 
the LCD display routine from the pro- 
gram and replaced it with a standard 16- 
millisecond pause, all servomotor move- 
ments become smooth and strong. 

I will attempt to tweak the program to 
improve the LCD display routine; any 
updates to the program will be on the 
Web site address above. 

Next Month 
Next month we will continue our 

work with the bi -pedal walker. We will 
work out a simple walking gait, using the 
PIC servomotor controller(s). Following 
this we will begin to design and build 
small skid -resistant footpads to attach to 
the bottom servomotors. The footpads 
may incorporate the pressure sensors we 
spoke about in Part 1 (if necessary). 
Finally we will replace the hip bar with a 

small platform to hold our bi- pedal's 
power supply and electronics. P 
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Repair Brío!: RCA EFR485 

Color TV Case Hìstory 

This 
is the first of an occasional 

"Service Clinic" dealing with the 
repair of a specific piece of equipment 
from my archives. More of these can be 
found on my Web site, www.repair 
faq.org, under "Sam's Repair Briefs." 
While it isn't all that likely you will see the 
identical model with the identical problems, 
the methodology can hopefully be trans- 
ferred to other troubleshooting situation. 

Patient -My color television -the 
one I actually bought new (what a con- 
cept) at a discount store (after the yoke 
died on my Zenith B/W 21 -inch tube set 
from the 1960s). The RCA was about 
four years old at the time of this failure. 

Symptoms -At first, I just thought 
the camera work on the show I was 
watching was a little strange, maybe the 
lighting at dusk or something like that. 
When the commercials also looked 
strange, it was obvious that the TV was 
the problem. There were no yellows or 
blues! All colors were in shades of red, 
orange, and cyan. This makes bananas 
look particularly icky. 

Testing -I tried different channels, 
adjusting the user controls, etc. No change. 
Black- and -white programs were normal, 
and turning the color control all the way 
down resulted in a normal B/W picture. 

The Mystery Unfolds 
I heretore, the CR 1' and its drive are 

fine, no missing colors. This is a case of 
messed -up colors -and there can be 
only one small area of the TV's circuitry 
that can be responsible -the chroma 
decoder. I suppose, a short between two 
of the primary color signals -say blue 
and green -could result in a somewhat 
similar symptom, but it was clear by 
rotating the tint control that this simple 

TO SYNC SEP. 

VIDEO IF O - 

SAM GOLDWASSER 

CTC111 CHROMA BLOCK DIAGRAM 

COMB. PROC 

FROM SYNC SEP. 0 

LUM PEAK/AMP 

-- CHROMA BUF. 

FROM VERTICAL DEFLECTION o 

BURST GATE 

c 

RGB TO 
CRI DRIVE 

U700 
LUM./CHROMA PROC. 

VERTICAL BLANK 

Fig. 1. This C7'CI II Chroma Block Diagram N as useJùl when troubleshooting for faults involving 
the loss of a video signal. Compilations, such as Sam's PhotoFacts contain valuable diagrams and 
schematics for various equipment. 

explanation did not hold up. 
For a while, I just watched my weird 

TV since until I could get the Sams' 
Photofact for it (Set 2038, folder 1), there 
would not be much I could do. After a 

couple of days, it didn't seem as strange; 
but, nonetheless, I didn't want to have to 
explain the situation to anyone who vis- 
ited. So, off to the library I went. This is 

a good excuse to copy nearly the com- 
plete Sams folder for the CTC 111 chas- 
sis even though a relatively small area is 
involved (in this problem). 

A single IC (U700) performs all the 
chroma functions including generation 
of the 3.58 -MHz reference; gating of 
the color burst; I and Q decoding, and 
generation of the R, G, and B drive to 
the CRT socket board. A disconcerting- 
ly large number of discrete components 
surround this chip. 

The Investigation 
There are basically three signal 

inputs: luminance (B/W video), chromi- 

nance (color information), and a color - 
burst gating pulse. Since the B/W pic- 
ture is normal, the luminance input must 
be fine. There is no likely scenario 
where a fault in a prior subsystem (i.e., 
tuner or IF) could mess up the chromi- 
nance in any way that would explain the 
symptoms. The gating pulse matches 
the Sams' waveform. What about volt- 
age measurements? These seem to be 
pretty close though at least one appears 
to be a misprint in the Sams' (I never do 
quite figure out if it is or not; it did not 
have anything to do with the problem, 
but my control settings might not have 
been the same). 

What else is there? The output R, G, 
and B drives we know are messed up, but 
do they appear funny in any way? Nope, 
they are all unique and the amplitudes 
are similar -thus no apparent shorts 
between them or to anywhere else. 

The chip could be bad. Yes, I should 
have known better, but this was over ten 
years ago and ICs in TVs were relative - 53 
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1 
7V p-p 

"SANDCASTLE" WAVEFORM 

Fig. 2. Here is what the "Sandcastle" waveform should resemble. This signal should look like a 2- 
volt pedestal during horizontal blanking with a narrow 5 -volt pulse riding on top. 

ly new. Therefore, I obtain a replace - 
ment-$15, not too bad considering 
how many legs it has! I carefully unsol- 
der the old one and install a socket (as I 
always do in these situations as damage 
to the cheaply made circuit boards is 
likely if it needs to be changed again or 
the replacement is bad). 

With great expectations, the new chip 
is plugged in, the TV is turned on and - 
that looks even worse than before! Not 
only are the colors more messed up, but 
the contrast seems to be off as well. So, 
either the replacement is bad (yeh, right) 
or the chip is not the problem. While 
bad parts are possible, the symptoms 
look suspiciously similar, if not quite 
identical. Therefore, I conclude that it 
must be something else. $15 wasted? 
No, I learned a lot: 

If the chip is good and the signals to it 
look good, there can only be one set of 
alternatives -a bad discrete component 
or solder connection in the vicinity of 
the chip. Well, they all look like parts. 
No smoke has leaked out that I can see. 

The first step is to determine which 
parts are likely to affect only the color. 
Based on the controls (color and tint) 
and identifying parts that would have an 
effect on phase or frequency response 
narrows it down quite a bit. There are 
some resistors, capacitors, and a couple 
of small inductors. A methodical test of 
resistances between pairs of nodes final- 
ly turns up something. There is an 
inductor in what looks like a filter 
between two pins on the chip, which 

R742 

o NSA 

C709 

T 

12V 

R744 

Q701 

measures open! That would do it. It is 
marked 6 on the schematic, and that is 
probably the normal resistance -it cer- 
tainly should not test open. On the parts 
list, I finally find it -a 39 -pH inductor. 
Just as a quick test, I take a 1- megohm 
resistor and wind a very precise random 
number of turns of #30 magnet wire 
around it. The 1- megohm is irrelevant 
but acts as a convenient form for the 
coil. 

Now, finally, a change in the color. 
Nowhere near correct, but this is the 
first time that anything approaching rea- 
sonable colors has appeared since the 
start of this affair. Still not quite right. I 
get another 1- megohm resistor body 
and wind a whole bunch more turns 
onto it. Now, that is a lot better. 

Actually, probably good enough, but I 
have access to an inductance bridge at 
work. Resistor and #30 wire in hand, I 
finally manage to come up with a fair 
approximation to a 39 -pH inductor. 
Sure, you are saying, just go buy one. 
You know that is not my style! 

A Process of Elimination 
Comments -There is no good 

excuse for an inductor in a low -power 
circuit to fail. The only explanation can 
be that one of the connections to the 
outside leads was not made properly or 
the fine wire of the coil had been nicked 
and finally just broke. I attempted to 
repair it, but, unfortunately, lost the wire 
inside the potting compound (it was 
something like #40 wirevery, very 

C710 CR700 R747 

L703 
R741 

TP-D 

BURST GATE CIRCUIT 

Fig. 3 In this circuit a transistor buffer is driven into saturation by the inverse blanking signal. An 
RC delays its turnoff at which point the positive -going pulse at the collector is coupled via a C -L -R 

54 network via a diode to U700. 

thin). Just bad quality control, not an 
induced failure. 

Although it cost me $15 to replace the 
(good) chip, in the end, this was proba- 
bly well worth it as it definitively (well, 
almost) eliminated a large unknown 
from consideration. The TV worked 
well for the next 12 years and only 
recently developed the `No Picture' 
problem dealt with below. 

Symptoms -I turned it on and - 
sound but no picture. No light visible on 
the screen. That is kind of strange. 
Except for the color problem, this has 
been a reliable set. (No tuner shield sol- 
der problems, knock on plastic!) 

Testing -No user controls have any 
effect. The screen remains black. There 
is no flash of light when powering it off 
either. There is static on the screen how- 
ever, so I suspect that HV is fine. 
Nothing is shutting down on its own 
either. 

Since there is sound and HV static, I 
assume the horizontal deflection is run- 
ning. As a simple test, I turn up the 
SCREEN control. This results in a 
raster. Therefore, the power supplies, 
horizontal, vertical, high voltage, tuner, 
and sound are all in fine shape. Just no 
#$ %^ picture. Well, that narrows the 
area of search considerably. 

This will require the Sams' and a 
scope to trace -sure, no problem. I still 
have the photocopied Sams' from deal- 
ing with the previous problem, and my 
scope is just dying to chomp on some- 
thing interesting. The only difficulty is 
that the bottom of the main circuit 
board is not accessible when mounted in 
the cabinet. However, maybe RCA 
thought of this -there are two offset 
screw holes which (whether by design or 
not, I do not know) permit the circuit 
board to be moved about 8 inches to the 
rear -and the cabling is even long 
enough. Now, with the TV on its side, 
everything I need to get to is out in the 
open. 

With my isolation transformer - 
always a prerequisite -I can convenient- 
ly examine various points in the video 
chain. However, some test points are 
concealed under a shield soldered at 
multiple points. A slight annoyance- 
the soldering on this shield is really, 
really good. 

The Plot Thickens 
Just when I have settled in to try to 

determine where the video signal is get- 
ting lost, the picture pops on. Actually, 



it kind of dribbles on -first a weak rain- 
bow pattern and then a second later the 
good picture. Could this be a bad con- 
nection? Perhaps, but no amount of 
wiggling, jiggling, whacking, or cursing, 
has the slightest effect. Cycling power 
also does not induce the problem. It is 
now as though the TV is not broken. 

Hmmm. Sounds like an electrolytic 
cap or thermal problem. (BTW, Bill- 
from <A HREF=#rb035 " >Repair Brief 
35: "Panasonic PV1414 Closed Circuit 
TV Camera with no Video</A> is sure 
that the problem is a bad electrolytic cap 
and wants to destroy the ozone layer 
with a can of CFC based freeze spray to 
locate it.) 

Let it cool for an hour. One hour 
later -picture comes on instantly! Let it 
cool for a day. One day later -picture 
comes on instantly! Leave it alone for a 

week. Finally, no picture for about a 

minute, then rainbow, then solid picture. 

Time To Troubleshoot 
So, how does one go about trou- 

bleshooting a problem of this sort? Give 
me a problem that takes a minute or 
hour to show itself any day, but one that 
is broken for only a minute or two? Not 
fun. 

Well, perhaps even when it is work- 
ing, there will be some voltage or wave- 
form that isn't quite right. Maybe a 

visual examination will turn up some 
potentially bad electrolytic capacitors. 
Maybe one has lost some of its value and 
a capacitance check will reveal the cul- 
prit. Right, keep dreaming. 

First step: Narrow down the search 
area. At this point, I have no idea exact- 
ly where the video signal is getting 
lost -not even which subsystem! I do 
know that sync is stable -examining the 
raster shows that the lines are correctly 
interlaced when a proper channel is 

tuned. So, this puts it after the sync sep- 
arator. Since this is fed from the video at 
the output of the video IF, I know at 
least that it is functioning to this point. 
That leaves the entire luminance chan- 
nel- joy -as well as the chroma/lumi- 
nance IC (the one I tried replacing in 
Part 1 of this story, U700). 

I spend some time down one blind 
alley -the chroma input to U700. 
Suspecting this signal, I confirm that it is 

indeed always present even when there 
is no picture. A simple test of shorting 
this signal to ground at the chip input 
would have revealed that the most its 
absence would do is result in a B/W pic- 

ture. This results in one dead end. 
Figure 1 shows a rough block diagram 

of the video chain. I know that the video 
signal is fine at TP -A at all times. I also 
know now that TP -B is fine and does 
not kill the video in any case should it 
disappear. 

Next, I identify the pins on the 
Lum/Chroma Proc chip (U700) that can 
possibly kill the picture totally. It 
appears as though there are only five: 

four of these are controls or power -sup- 
ply voltages (constant DC levels); and 
the other one is the luminance input, 
TP -C. 

The War Is On 
One week later, preparing for battle, I 

am set to measure the four static volt- 
ages as soon as power is applied. The 
scope is hanging on TP -C as well to 
determine if that signal is present at all 
times. A signal here would eliminate all 
the stuff in the `Lum Peak/Amp' box 
from consideration (and there is consid- 
erable stuff in this box -I have greatly 
simplified the block diagram). 

Charge!, or, err, power! Voltages: 
Measure, measure, measure, measure! 
These all check out within 5 percent or 
so. TP -C signal: Yep, it comes up imme- 
diately and appears to be valid video and 
of proper amplitude. 

There is no detectable change in any 
of these when the picture appears 30 
seconds later. That's just great. All five 
possibilities seem to be fine. Well, when 
the plausible is eliminated, check the 
implausible. 

First, however, I break down and 
decide to swap U700 with my spare in a 

week when I apply power again. As 

expected (but hoped against), the screen 
remains black for the expected minute. 
When the picture appears, the color bal- 
ance is somewhat off (recall, that in our 
last episode, there were more severe 
problems with this chip but that was 
when the actual fault had not been locat- 
ed). However, adjustment of the CRT 
drives fixes this. For all intents and pur- 
poses, the replacement U700 performs 
identically to the original. 

So, there must be some other input to 
U700 that is messed up. Well, there is 

another possible candidate. I had not 
paid serious attention to it before, but it 
is all that is left -the signal derived from 
`Burst Gate' and `Vertical Blank.' I ini- 
tially discounted this since there was a 

signal present even when the picture was 
blank -but was it the correct signal? 

Brief checks previously had shown it 
to healthy -but that was when there was 
a picture. One way to find out: Short it 
to ground and see what happens. And, 
yes, this kills the picture. What is also 
significant is that when the short is 

removed, the picture comes back in a 

very similar way to when the `problem' 
goes away -some initial rainbow effects 
before it stabilizes. 

Catching The Culprit 
So, next power cycle (1 week) I am 

intent on catching this signal in the act! 
This signal should look like a 2 -volt 
pedestal during horizontal blanking with 
a narrow 5 -volt pulse riding on top. This 
is called the `Sandcastle.' I am now thor- 
oughly familiar with what the correct 
shape should be. Refer to Fig. 2 for a 

representation of the waveform. 
One week passes. Scope, are you ready? 

"At your service." Look at that! The 
pedestal is there, but the narrow pulse is 

missing. Finally, a clue comes to the sur- 
face. Some quick voltage measurements of 
the `Vertical Blank' circuitry shows that it is 

impossible for it to be at fault as the 
pedestal would not appear normal. 
Therefore, it must be the `Burst Gate'. 

This is a fairly simple circuit -a tran- 
sistor buffer is driven into saturation by 
the inverse blanking signal. An RC 
delays its turnoff at which point the pos- 
itive -going pulse at the collector is cou- 
pled via a C -L -R network via a diode to 
U700. Figure 3 shows a somewhat sim- 
plified Burst Gate ciruit. 

Next step is to determine if this tran- 
sistor is working correctly. This time, 
scope probes on input and output. The 
verdict: Input and output are both stable 
instantly at power -on. Having con- 
firmed this, I immediately kill power. 
Maybe these quick checks will permit 
whatever is being cured in a minute to 
remain sick. Now what? What about the 
other side of C710? Nothing. How can 
that be? Coupling capacitor? Quickly 
bridging another one doesn't result in 
any change. Kill power. I cannot afford 
the bench space; need to get this 
wrapped up! 

On a hunch, I check the resistance 
across L703. It reads 20 K ohms. Huh? 
No way, it is marked 21 ohms on the 
schematic. Not another dud inductor! 
(Recall that this was the problem in Part 
I- messed up colors). I pull L703 -it 
measures open. How could an open 
inductor result in a flat -line output? One 
might think this would increase the output. 55 



A Clue, Mr. Inductor 
Well, with the inductor removed or 

open, the diode charges the capacitor as 
it would in a power supply and results in 
the diode output being clamped to zero 
volts. It actually makes sense. First, I try 
winding an inductor, but even with as 
many turns of #32 wire as I can fit on a 

-watt resistor body, the value must be 
way too low as the output is still dead. 

Rummaging around in my inductor 
drawer, I locate one that looks kind of 
similar. Unmarked, but of approximate- 
ly the right size and construction (I real- 
ly don't have a great stock of inductors). 
The original is marked 471, which I 
assume to be 470 pH; but I didn't pho- 
tocopy the page of the Sam? Photofact 
with inductor ratings, unfortunately. 
The results with my unmarked replace- 
ment are mixed -the picture is there 
(well, that really doesn't prove any- 
thing), but it seems a little bright. This 
signal looks fine; maybe the bright pic- 
ture is my imagination. OK, try a differ- 
ent larger one. This even measures the 
same on my ohmmeter as the original 
should (like that means anything). 

However, the picture now appears 
normal. Since the poor lonely inductor 
sitting on my bench still measures infin- 
ity ohms, I am confident that this is 
indeed the problem. Exactly what mech- 
anism results in a delayed start inductor 
is not quite clear. It is not heat, as there 
is no time for any thermal effects and the 
power dissipation in the inductor is 
about as close to zero as one can imag- 
ine. Is it simply the voltage pulses appear- 
ing across some kind of marginal semi- 
conductor -like junction formed by corro- 
sion between the coil wire and the leads 
that eventually results in good contact? 

Attempting to `disassemble' the bro- 
ken inductor simply results in broken 
inductor pieces everywhere so I will 
never really know for sure what hap- 
pened, until another one of the half 
dozen or so similar inductors in the TV 
decides to do its open circuit thing. 

Maybe some day I will actually order 
the correct replacements for both of the 
dud inductors -this new unmarked one 
and the homemade inductor that fixed 
the previous messed up color problem. 
For now, it seems to be fine and the TV 
shows won't be any better with the prop- 
er replacement parts anyhow. 

Reflections 
Comments -No doubt next time 

56 (sure, if there is a next time), I will test 

all the similar inductors first! What 
could possibly lead to a batch of unreli- 
able inductors is another one of those 
mysteries of the universe. After all, an 
inductor is just a coil of wire soldered to 
a couple of leads. There is no thermal or 
mechanical shock, and the circuit is very 
low power in any case. The TV is not in 
a damp location or subject to any other 
kind of abuse that I know of, though 
based on the appearance of the innards 
of the inductor, some type of deteriora- 
tion may have taken place. 

How should one diagnose a problem 
of this type? In hindsight, I guess testing 
components in the vicinity of the 
Lum/Chroma Proc after waiting a week 
and with power off would make sense. 
But, some of the elapsed time was 
required to localize the problem to that 
chip. However, once it was clear that 
one of the signals to U700 was messed 
up, the ohmmeter checks would have 
greatly reduced the additional required 
debug time. Would freeze spray have 
worked? Perhaps -if anyone had 
thought to hit the inductor. There were 
no electrolytic capacitors anywhere in 
the circuitry around U700. 

Wrapup 
Some might consider this set an 

antique as it was new around 1980. As of 
2002, the set continues to function with- 
out any more inductors dying. I'm sure 
many readers would consider a 22 -year- 
old TV something that belongs in a 

museum. However, while it doesn't have 
some of the features of a modern TV 
(heck, it doesn't even have a remote con- 
trol as I wasn't willing to pay the extra 
$50 for that -not being standard in 
1980!), the picture and sound quality is 
still quite good. 

I welcome feedback of almost any 
kind (via e-mail only please to 
sam @repairfaq.org). And there is much 
more repair, general electronics, and 
laser and optics information on my Web 
site, www.repairfaq.org. p 
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ALL ABOUT 
(continued from page 40) 

to Rb, the duty cycle can be varied. 
However, there is a problem. Since the 
charging path is through Ra + Rb and 
the discharge path through Rb, they can 
never be equal. This makes a 50 percent 
duty cycle unachievable with this circuit, 
since Ra + 2 Rb always will be > Ra 
unless Ra is made to be zero. This prob- 
lem can be corrected by using two 
diodes (1N914 types, etc.) to steer the 
charge and discharge paths through only 
Ra and Rb, respectively. In practice, this 
allows less than 5% to more than a 95 % 
duty cycle to be achieved. Note that due 
to device limitations Rb must be greater 
than about 3kL2 for reliable perfor- 
mance. This is shown in Fig. 7. Ra and 
Rb could be incorporated into a poten- 
tiometer to adjust the duty cycle, with C 
being used to set the frequency. 

Time Delays 
Another mode of operation is that of 

providing a time delay. In monostable 
operation, a pulse lasting for a predeter- 
mined time is generated immediately on 
triggering. The output goes high imme- 
diately and times out after the predeter- 
mined time. In time -delay operation, it 
is desired to have a state change only 
after a delay. In this mode (see Fig. 8), 
the internal discharge transistor is not 
used. The threshold and trigger are tied 
together. The capacitor C is instead dis- 
charged upon the application of a trig- 
gering pulse to the transistor. When this 
transistor is turned on, C is kept dis- 
charged. This keeps the trigger and 
threshold low, and the timer output is 
forced low. When a negative -going level 
is placed on the base of the triggering 
transistor, it is cut off. The capacitor 
charges toward the supply voltage; and 
then when the threshold voltage is 
reached, the output now changes state. 
The output will then remain unchanged 
until the triggering transistor is turned 
on. 

Circuits using this device will be dis- 
cussed in the next part of this article. p 
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Behemoth Readouts 

Awhile back I received a call from a 

friend who runs a high -tech auto 
service business requesting a larger 
readout display for some of his electron- 
ic equipment. The standard size digital 
readout on most common digital volt- 
meters and similar type equipment is 

one inch or less in height, which is too 
small for interpretation at a substantial 
distance. A three- to five -inch high dis- 
play would be just fine for viewing at a 

distance of thirty or more feet. With this 
in mind, stay put `cause we're going to 
work on some circuitry to increase the 
size and readability of the seven -seg- 
ment LED readout. 

The pin arrangement of a typical 
seven -segment display is shown in Fig. 
1, with each segment identified with a 

letter. Most LED seven -segment dis- 
plays are between .3 and .8 inches in 
height. A much larger seven -segment 
readout can be fabricated by arranging a 

number of LEDs in a row for each of the 
seven segments. Interface circuitry con- 
nected between the small LED display 
and the large LED display completes the 
conversion. 

A three -inch high LED readout is 
shown in Fig. 2, with four LEDs in each 
segment, for a total of 28 LEDs in all. 
The LED in each segment is identified 

7- SEGMENT DISPLAY 

b 

c 

d 

Fig. I. The pin arrangement of a typical seven - 
segment display is shown above, with each seg- 
ment identified with a letter 

as a letter followed by a number, as in al, 
for the LED located in the top left cor- 
ner of the display. 

Lighting Up The Segments 
A simple seven -segment driver circuit 

is shown in Fig. 3. Each segment is made 
up of four LEDs connected in series 
with a current -limiting resistor. One end 
of the string connects to the positive 
supply and the other to the collector of a 

NPN transistor. A positive input to the 
transistor turns the LED segment on. 
The circuit as shown is designed to be 
driven by circuitry set up for a common 
anode -type LED seven -segment display. 
The common anode display has all of 
the anodes in each segment tied togeth- 
er, requiring each segment's cathode to 
be pulled to ground or the negative sup- 
ply to light. 

The circuit in Fig. 3 requires a positive 
input to the transistors to turn on the dis- 
play segments; however, the circuit may 
be easily converted to respond to a low 
input with the addition of a CMOS 
inverter as shown in Fig. 4. Two 4049 
CMOS inverting hex buffers will supply 
the seven transistor drivers with an invert- 
ed output with five buffers unused and 
available for other applications. 

Picking A Number 
Setting up the readout to indicate a 

number from 0 to 9 without connecting 
to a display driver can be fun and useful. 
Each number from 0 to 9 is made up of 
two or more segments, which must be 
activated to indicate a selected number. 
The number 1 is produced when seg- 
ments b and c are lit, and the number 8 

with all segments lit. One method of 
selecting a number is shown in the cir- 
cuit in Fig. 5. A single -pole, ten -position 
rotary switch selects the desired number 
from 0 to 9. 

Each switch position connects a posi- 
tive voltage through a number of diodes 
to the correct segment input transistors 

CHARLES D. RAKES 

to cause the LEDs to light in the form of 
the selected number. This method 
requires 49 1N914 or similar type sili- 
con diodes to isolate the transistor 
inputs. If the diodes were not used, all 
segments would be on no matter what 
position the selector switch was set to. 

Let's check it out and make sure that 
when the switch is in the 5 position the 
number 5 appears on the readout. In 
switch position 5, diodes D23, D24, 
D25, D26, and D27 are connected to 
inputs a, f, g, c, and d, respectively. This 
arrangement will light segments a, f, g, c, 

and d. Figure 1 shows that when these 
five segments are glowing the number 5 

is displayed. 
Larger displays can be produced by 

increasing the number of LEDs in series 

3'- 
INCHES 

14-1 Y2-INCHES-+j 

1 3 4 

O 0 0 0 
O 01 

2 0 02 
30 03 
4 0 04 

O 000 
1 3 4 0 1 

20 02 
O 03 
O 04 
O 000 

1 2 3 4 

d o = LED 

Fig. 2. A three -inch high LED readout is shown 
here, with four LEDs in each segment, for a total 
of 28 LEDs in all. The LED in each segment is 
identified as a letter followed by a number, as in 
al, for the LED located in the top left corner of 
the display. 57 
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Fig. 3. A simple seven -segment driver circuit is shown in this figure. Each segment is made up of 
four LEDs connected in series with a current -limiting resistor. 

PARTS LIST FOR 
THE SEVEN -SEGMENT 

DRIVER CIRCUIT 
(FIG. 3) 

SEMICONDUCTORS 
Al -G4 -LED, any color, see text. 
Ql- Q7- 2N2222 or similar NPN 

transistor 

RESISTORS 
(All resistors are % -watt, 5% units.) 
R1- R7-470 -ohm 
R8-R 14- 10,000 -ohm 

for each segment; however, either a 

higher supply voltage or a split driver 
circuit will be needed. 

A string of eight LEDs, see Fig. 6, is 

powered from a 24 -volt power source 
and is turned on with a single driver 
transistor. The most common LED 
color is red, and it normally requires 
about 2 volts to operate. Most other col- 
ors require even a greater voltage. The 
current -limiting resistor, R1, is selected 
to limit the maximum LED operating 
current. 

The eight- LEDs -per -segment arrange- 
ment may also be operated with a 12- 
volt power supply by breaking the string 
into two strings of four LEDs and using 
two driver transistors, as shown in Fig. 
7. The number of LEDs used to make 
up a segment is by no means limited to 
eight. The maximum number of LEDs 

58 that can be used is limited only by avail- 

able power, funds, and housing. 
The four -LEDs -per -segment display 

shown in Fig. 2 can also operate with a 

5 -volt power supply with the circuit 

+12V 

INPUT 

Fig. 4. The circuit shown in Fig. 3 may be easily 
converted to respond to a low input with the addi- 
tion of a CMOS inverter as shown here. Two 4049 
CMOS inverting hex buffers will supply the seven 
transistor drivers with an inverted output. 

PARTS LIST FOR 
THE LOW -INPUT DISPLAY 

(FIG. 4) 

Al -A4 -LED, any color, see text 
Q1- 2N2222, or similar, NPN transistor 
ICI -% of 4049 CMOS hex inverter 
R1- 10,000- ohm, Y -watt, 5% resistor 
R2- 470 -ohm, Y -watt, 5% resistor 

+IN +IN 
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Fig. 5. A single -pole, ten -position rotary switch selects the desired number from 0 to 9. Each switch 

position connects a positive voltage through a number of diodes to the correct segment input tran- 
sistors to cause the LEDs to light in the form of the selected number. 

+IN 

+24V 

Fig. 6. A string of eight LEDs is powered from a 
24 -volt power source and is turned on with a 
single driver transistor. The most common LED 
color is red, and it normally requires about 2 
volts to operate. Most other colors require even 
a greater voltage. 

PARTS LIST FOR 
THE HIGH -VOLTAGE 

DISPLAY 
(FIG. 6) 

Al -A8 -LED, any color, see text 
Ql- 2N2222, or similar, NPN transistor 
R1 -1000- ohm, % -watt, 5% resistor 
R2- 10,000- ohm, /< -watt, 5% resistor 

shown in Fig. 8. The LED string is bro- 
ken in two groups with two LEDs each. 

Actually, the eight- string- segment 
display also could be operated with a 5- 
volt supply by using four groups of two 
LEDs in each segment. Of course, oper- 
ating at a low voltage adds extra compo- 
nents not required with a higher voltage 
source. 

Picking Up A Light Beam 
Going from a standard small LED 

display to one of our large displays 
requires drive information from the 
equipment's circuitry. Getting inside 
some of the compact equipment that's 
commonplace today is often a job for a 

micro- surgeon doing brain surgery. In 
many cases, the display has all readout 
segments, in each digit, common to all 

PARTS LIST FOR 
"PICKING A NUMBER" 

(FIG. 5) 

D1- D49- 1N914, or similar, silicon 
diode 

S1-10-position, single -pole, rotary 
switch 

digits; and the input drive is a multi- 
plexed signal. 

There is a way to pick up information 
from the face of the LED display with a 

phototransistor positioned in front of 
the display's segment. Position seven 
phototransistors, one in front of each 
segment, take the output of each photo- 
transistor, and supply a drive signal for 
the seven transistors in the circuit in Fig. 3. 

An opaque holder for the seven pho- 
totransistors can be fabricated from a 

block of wood, plastic, or any similar 
material in the shape shown in Fig. 10. 

The seven holes in the block should 
position each of the transistors directly 
in front of each segment. The photo- 

R3 
10K 

+INPUT 10K 

Fig. 7. The eight- LEDs - per -segment arrange- 
ment may also be operated with a 12 -volt power 
supply by breaking the string into two strings of 
four LEDs and using two driver transistors. 

PARTS LIST FOR 
THE 12 -VOLT DISPLAY 

(FIG. 7) 

Al -A8 -LED, any color, see text 
Ql, Q2- 2N2222, or similar, NPN 

transistor 
R1, R2 -470 -ohm, i4 -watt, 5% resistor 
R3, R4- 10,000 -ohm, Y -watt, 5% 

resistor 59 



Fig. 8. The four- LEDs -per -segment display 
shown in Fig. 2 can also operate with a 5 -volt 
power supply with the circuit shown above. The 
LED string is broken in two groups with two 
LEDs each. 

PARTS LIST FOR 
THE LOW- VOLTAGE 

DISPLAY 
(FIG. 8) 

AlA4-LED, any color, see text 
Q1, Q2- 2N2222, or similar, NPN 

transistor 
R1, R2- 10,000- ohm, % -watt, 5% 

resistor 
R3, R4 -100- ohm, /. -watt, 5% resistor 

transistor holder also should set flush 
against the seven -segment display. 

The seven -phototransistor circuitry is 
shown in Fig. 9. The emitter resistor 
value for each phototransistor will fall 
somewhere between 10,000 and 100,000 
ohms. The actual value depends on the 
voltage generated at the phototransis- 
tor's emitter when the segment is on. 
Select a resistor value that produces at 
least 2 volts at the emitter. If the light 
output of all of the display segments is 
the same, the resistors can all be the 
same value. The actual phototransistor 
used in this arrangement will depend on 
the size of the seven -segment display 
monitored. Very small displays will 
require locating a sensitive phototransis- 
tor that is small enough for seven to fit 
side -by -side in the holder. 

Mouser Electronics (800 -346 -6873) 
offers two small phototransistors for less 
than half -a -buck that are only .116 inch- 
es in diameter. The part numbers are 
512- QSC112 and 512- QSC113. Several 
other low -cost phototransistors are 
available that can be used on larger dis- 

60 plays, as well. Also check other suppliers 

+12V 01 07 
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a b c d e g 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

Fig. 9. Here is a seven - phototransistor circuit. The emitter resistor value for each phototransistor 
will fall somewhere between 10,000 and 100,000 ohms. The actual value depends on the voltage 
generated at the phototransistor's emitter when the segment is on 

PARTS LIST FOR 
"PICKING UP A 
LIGHT BEAM" 

(FIG. 9) 

QlQ7----Phototransistor, see text for 
types 

RIR7 -See text 

BACK VIEW 

ek 

SIDE 
VIEW 

PHOTOTRANSISTORS 

Fig. 10. An opaque holder for the seven photo - 
transistors can be fabricated from a block of 
wood, plastic, or any similar material in the 
shape shown in this drawing. The seven holes in 
the block should position each of the transistors 
directly in front of each segment. 

for similar devices. 
That's about it for this go- a- round. 

Go forth and build a behemoth LED 
readout and impress your friends, and 
have fun while doing it. Come back next 
issue and see what we've got going. 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, 8t 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. MAOS 

WWW.POPTRONICS.COM 

BUY RECYCLED 

AND SAVE" 

Electronic Projects 1.0 
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. 
$75 including ship- 
ping in the U.S. 
Order km CLAGGK 
Inc., P.O. Box 12162, 
Hauppauge, NY 
11788. Visa, MC, 
Discover, OK. 

CLX2 



 SUPPLEMENT TO POPTRONICS SEPTEMBER 2002 

Poptronics ° 

800 -308 -4626 Check Our Website for our NEW LOCATION & NEW PRODUCTS 800 -308 -4626 

WIRELESS VIDEO LIPSTICK CAMERAS MONITORS OVER 700 PRODUCTS IN STOCK!! DIGITAL RECORDERS ANTENNAS MICRO CAMERAS 

DIGITAL MONITORING & RECORDING SYSTEM 

TCP/IP 
HOOEY 
/LAWMAN 

PV- 140A/BIC!D - $299.95 

The PV -140 Series turns your PC into a commercial 
grade digital security system in a few minutes. This 
Incredible series integrates a color quad processor 
multi -zone video motion detector. multiplexer, and a 

real time digital video recorder (DVR). By ordering 
addition cards, you can increase your surveillance up 
to 16 different cameras. 

PV140 Card Configuration: 
- PV-PACK= 140A +1408 +140C +140D 

(4pcs in 1 pack)(Real time) 
140A 1st four cameras/windows 

- 140B 2nd four cameras /windows (expands to = 8 windows) 
- 140C 3rd four cameras/windows (expands to = 12 windows) 

140D 4th four cameras/windows (expands to = 16 windows) 
Cards MUST be utilized in this order. 

SOFTWARE INCLUDED!!! 

System Requirements: 
- Windows 98/ME /2000 /XP 
- Pentium III- 550Mhz or higher with free PCI slot(s) 
- 128 MB, System Memory 
- PCI /AGP bus graphics card (24 bit hi -color or 64 bit) 

- Sound Card (optional) 
- Hard Disk Space - 1 GB+ per camera; 

100B+ is recommended 
- Microsoft DirectX or higher version 
- CD -ROM / DVD -ROM device 
- Cameras up to 1/2/4/8/12/16 

SAVE $100 16 

PV -140 PACK Com"res 
4 Pieces /One Pack 

$1099.95 

USB VIDEO CONVERTER MICRO BOARD CAMERAS 

Additional Features -Call Today!!! 

USB -01 The USB rodeo 
Converter acts as an interface for 

your analog video sources and converts 
analog output to digtal for your computer. The 
USB Video Converter accepts high resolution 
SVHS video and standard composite NTSC 

video. USB -01 $89.95 

B W PEN CAMERA WITH AUDIO 

Pencam is the newest member to 
our line of covert cameras. Its 
small, lightweight design allows it to 
slip into your shirt or coat pocket. It 

will video tape with audio capability 
makes is perfect for a 

number of applications. 

Great Resolution! 

PENCAM - $225.95 

800 -308 -4626 
Tech 404 -872 -0722 Fan 404. 872.1038 

MB -780U 
B/W 

BOARD 
CAMERA 

$29.95 

Visit our website to see our 
full line of Micro Board Cameras 

NIGHT VISION WAUDIO 

26 -0300 Night Vision Audio 
Monocular features a built -in 

Infrared Illuminator for viewing 
in complete darkness. 

26 -0300 $349.95 

5" WIRELESS OBSERVATION SYSTEM 
Now you can enjoy peace of mind with 2.4II7S 
our new wireless observation system. 
Each comes with a 5' wireless monitor & 

wireless camera. Just plug & play for 
perfect wireless video any time! 

Great for around the house, 
ce or technical field work. 

GW-2400SA $379.95 

1/3" COLOR OUTDOOR CAMERA 

This camera merges the gap between bullet (lipstick) 
camera and full -size housing with camera. Unlike bullet 
(lipstick) cameras with limited features, this unit has many 3w 
features only found on larger, "cased" cameras. The AV- 
48WC8 keeps the best pan of the bulleblipstick line in that 
they install quickly and come pre-assembled, ready for 
installation. Auto iris and vari -focal lens options are avail- 

able upon request. AV -48C8 $235.95 

We have 6 different configurations to meet your 
requirements for outdoor or indoor self- contained cam- indosniel -o- Ring sealed 

Aluminum Case 
eras. 6 Configurations: 

BM/: Regular, Auto Ins, Van -Focal Lens 
Color: Regular, Auto Iris. Van-Focal Lens 

220x ZOOM CAMERA MODULE 

AFZ -220X is compact and light- 
weight. This zoom camera will 
fit into a variety of applications. 

Call Today For 
Additional Information AFZ-220X $349.95 

1!3" HIGH RESOLUTION DSP COLOR CAMERA 

DX -7811S Our NEW Digital Signal Processing (DSP) Camera offers 
you a Day/Night Camera with Digital Zoom. Mirror Function, 470 lines of 
resolution, backlight compensation, gain control & low lux. An excellent 
addition to your current security system or a great beginning to a new 
system. 

DX-7811S $169.96 

WWW.POLARISUSA.COM 

This camera has ail the 
features of the brand 

names without the brand 
name price! 

Polaris lindústr es, Inc. 
We're On The Move! 

CIRCLE 228 ON FREE INFORMATION CARD 
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Be an FCC LICENSED 
ELECTRONIC TECHNICIAN 

EARN 
MORE 

MONEY 

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 Radio -TV 

Microwave Maritime 

Radar 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. 

IL 

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 

RF Modules 

www.abacom-tech.com 

ABACOM 
Technologies 

Tel: +1(416)236 3858 
Fax: +1(416)236 8866 

abacom@abacom -tech. corn 

Help protect our nation's soil and water. 
Call for your free action packet. 

1 -800- THE -SOIL 
WE OWE IT TO OUR CHILDREN 

United States Department of Agriculture 
Soil Conservation Service 

E.ERIHL LCD 
Serial LCDs work great with BASIC Stamps® and 
other microcontrollers. One -wire interface simple 
serial protocol low cost high quality in stock 

Low power, Fasi 
serial interface 

SGX -120L 
Mini graphics LCD 

2400/9600 bps 
just $99 

BPI -216N 
2x16 text LCD 
2400/9600 bps 
$45 (non -backlit) 

Many other models available -see wwwseetron.com! 

Scott Edwards Electronics, Inc. 
www.seetron.com 520 -459 -4802 



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.norlthcountryradio.com 

Sales: PO BOX 53 New Rochelle N.Y. 10804 Tel 914-235 -6611 

Technical: PO Box 200 Hartford N'' 12838 Tel 518 -854 -9280 

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. 

ii: 6=:F..r_: 

HYD-M ONLY $209 HYD -M is a 32 hour course 
on Fluid Dynamics. Includes (2) 4 -part video's 
and workbook. This Module is a must. 

SC-M ONLY $215 SC-M is a "`r : y_ 

32 hour training course on AC & DC Servo 
Controllers. Includes (2) 4 -part videos and 
workbook. Learn everything you need about 
AC and DC servo Control Systems. 

L_. 

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 

Microprocessor 
Hands -On Training 
The PRIMER Trainer is a flexible instructional 
tool featured In a Prentice Hall textbook and 
used by colleges and universities 
around the world. Ruggedly designee 
to resist wear, the PRIMER supports 
several different programming 
Languages including Assembler, 
Machine Language, C, BASIC, 
and FORTH. A comprehensive 
Instruction Manual contains 
over 25 lessons with several 
examples of program design 
and hardware control. The 
Applications Manual provides 
theory and sample code for a number 
of hands -on lab projects. 

Application 
Projects 
Include: 

- Scan Keypad Input 8. Write to a Display 
- Detect Light Levels with a Photocell 
- Control Motor Speed using Back EMF 
- Design Waveform Generator 
- Measure Temperature 
- Program EPROMs 
- Bus Interface an 8255 PPI 
- Construct a Capacitance Meter 
- Interface and Control Stepper Motors 
- Design a DTMF Autodlaler / Remote Controller 

The PRIMER can be purchased as an unassembled kit (5120) or as an 

assembledlasted kit (5170). Upgrades provide battery- backed RAM and PC 

connectivity via an RS232 serial port (shown in picture). Additional options 
include a heavyduty keypad (shown in picture) and a 9V power supply - see our 
website. Quantity discounts are available. Satisfaction guaranteed. 

Since 1985 
OVER 

16 
YEARS OF 

SINGLE BOARD 
SOLUTIONS 

CÌIÌLi1.., inc. 
Phone 618 -529 -4525 Fax 618 -457 -0110 
2390 EMAC Way, Carbondale, Illinois 62901 
World Wide Web: http: //www.emacinc.com 63 



Miniature Transmitters and Receivers 
2 Button / 3 Channel 

Transmitter 
RF300T 

1 $22.95 
5 $19.95 ea 
10 $16.95 ea 

RF300XT 

1 $25.95 
5 $22.95 ea 
10 $19.95 ea 

300' (XT), 150' (T) Range 
Frequency: 318 MHz 
59,049 Settable Security Codes 
12 Volt Battery and Keychain Included . 

Current Draw: 4.8 ma 
Fully Assembled in Case 
Dimensions: 1.25" x 2.0" x .5" 
Push both buttons for the 3rd Channel 
Slide Button Cover Included 

4 Button / 15 Channel 
Transmitter 

RF304XT 

1 $27.95 
5 $24.95 ea 
10 $21.95 ea 

250' Range 
Frequency: 318 MHz 
6,561 Settable Security Codes 
12 Volt Battery and Keychain Included 
Current Draw: 4.6 ma 
Fully Assembled in Case 
Dimensions: 1.35" x 2.25" x .5" 
Push combination of buttons to achieve 
up to 15 channels 

2 -4 Data / 3 -15 Channel 
Receivers 

RF300RL 
RF300RM 

1 $27.95 
5 $24.95 ea 
10 $22.95 ea 

RF304RL 
RF304RM 

1 $29.95 
5 $26.95 ea 
10 $23.95 ea 

Compatible with 300/4 Transmitters 
11 -24 volts DC Operating Voltage 
13 ma. Current Draw 
Latching (L) or Momentary (M) Output 
Kits Available (subtract $5.00 ea.) 
Dimensions: 1.25" x 3.75" x .5" 
2 (300) / 4 (304) Output Data Lines 
Binary to Dec / Hex Converter can 
achieve up to 15 channels 

Alarm Systems Magic Props Industrial Controls Schematics Available 
Garage / Gate Openers Medical Alert Surveillance Control Receiver Board Layout Available 
Lighting Control Monitoring Systems Motor Control Custom Design Consulting Available 

Visitect Inc. 
(510) 651 -1425 
P.O. Box 14156, 

Fax: (510) 651 -8454 
Fremont, CA 94539 

Email: Support @Visitect.Com 
Visa / Mastercard, COD 

CIRCLE 224 ON FREE INFORMATION CARD 

The BEST is now Beater! 
P41010 -111OPPD' 

Function Generator 

Sine/Square/Triangle 
Puke TR 

Larger 

:Breadboard Area 

REMOVABLE!! 

Feature -rich Circuit Design Workstation 
Ultra- affordable at just $299.95 

Portable Version Available for ä349.95 

Our classic Pß503 the complete Proto -Board Design 
Workstation is newly improved. Enhancements Include: an 

S- Channel Logic Monitor, High 8 Low Buffered Logic 
Indicators, S 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 



www. web -tronics. corn www. web -tronics. corn 
only $119.00 

High TechVideo System with Audio only $109, ea in qty á 

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 he up & running in minutes with a high tech video system!! 

System Features: 
*2 wide angle B/W cameras w I.R. & Sound 
*5.5" B/W video monitor w built in switcher 
*Two 60 ft. pre -wired cables 
*View one or both cameras. Switching Time 

variable from 2 to 20 seconds 
*Video easily hooks into a VCR 

www. web -tronics. corn 
Aluminum Frame & Camer ! 

3 Cooling Fans Best Choice! ONLY 
Front Panel Door 
LED power indicator & HD activity $17.9 
Keylock & Groundwire any qty 

IDE Ultra DMA 66/100 & Ultra Wide 
SCSI models available ALUMINUM HARD 

DRIVE RACKS/3 fans 
AMR2 -3F IDE $17.95 
AMR2/UWSCSI.. 
(UW SCSI) $23..95 

Triple Output Bench Power Suppl. 
w four 3/12 digit LCD Displays 
Output0 -30 VDC @ 2 Amps x 2 

&5V fixed @3Ampsxl 
Input: I10VAC+1 -10 %r 

SI3002D- 3....$169.00 
(qty. 5+ $159.00) 

Details at www.web- fronics.com 
under Test Equipment 

f2GHzRF Field 
Frequency Range: IOOKH, to 
2.060M-la 
Narrow Band FM (NFM).Wide 
Band FM (WFM).AM and Single 
Side Band (SSB) Modulated Signals 
May Be Measured 
PLL Tuning System for Precise 
Frequency Measurement and 
Tuning 
LED Backlight LCD (192x 192 dots) 
Built-In Frequency Counter 
Hand -Held and Battery Operated 
All Functions are Menu Selected aaawe 
RS232C for PC Interface and #3201) `Printer 

Easy to Navigate 
earch Engine 

Includes 
a Works ntly 

N 

That 
ew IItems Added Consta 

fntelligcnt Multi- Function Digital Counter(1.3GHz) 
Ch A: 10 to 100 MHz M 
Ch B: 100 MHz to 1.3GHz $149.00! 
Micro -Controller Based Design 

An intelligent multi -function counter controlled by 
an 8 -bit micro -controller with eight high bright LED 
display. Four measuring functions (frequency, period, 
total mode & self check) Also, a 10MHz OSC OUT 
feature. 

In 
Since 1971 

etailed Specs 
on the Web 

`Extensive Details C web site under TEST EQUIP`IEN I 

Bullet 
Rugged 

CamBgsBBW and 
Smart Red Mere/ Housing Detailed Spec 

mly Lo Power Consumption w 
n von on the We 
CCD Area Image Sensor for Long Camera Life 
Built -In 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)x58.5mm(L) 49.00ang qty. 

VMBLT1020W B &W Weatherproof, 21mm(D)x58.5mm(L)'69.00 

` l.BLTJCI9BW COLOR W idxspoc(17nn (D) xB6nn{y'Iw "a is $ 

(Intelligent DMM w RS -232 
3999 Count Display 
Multi- Function Testing with Äumrarrging & 
manual operation 
hFE Test, Data Hold. Diode Test, Cont Test 
Backlight, Capacitance, DCV,ACV,DCA, 
ACA,Resistance,Temperature ( #CS1345) 
ships w K- probe, rubber boot, RS -232 cable 
Software & test leads. Details A web site 

J 

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- I12 -10C 

3000w modified sine wave(phase corrected), 
(G-1Z- 300)......... . ......$489.00 

See Our Wedsite for DETTAIï D Specs.! 

witOur 
Most Sophisticated DMM Hi Sold Oren 700 Lad Year! 

with Analog Bargraph 
h RS -232 Interface & Software, 3 -3/4 Digit,-4000 Count,Auto-Ranging 

True RMS Mode 
IOMHa Frequency Counter 
Time Mode with Alarm. 
Clock.and Stop Watch 
Dual Display 
IO Location Memory 
Min. Max.Avg and Relative 
Mode 
Decibel Measurement 

`' Cap and Ind. Measurement 
b T mperature Mode (C/F) 

K Type Temperature Probe Included 
Pulse Signal for Logic 
a Audible Test 
Continuity/Diode Test 
Logic Test 
Auto Power OFF /'Keep ON" Mods 
Fused 20A Input with 
Warning Beeper 

Y Back Ligh 
Y Data Hold/Run Mode 
Y Safety Design UL 1241 9 VDE -0411 
y Protective Holster 

Silicon Test Leads 

More 
Derails en 

a Web Sire 

PROTEK 50 

Mini CCDs (B/W & Color) 
ensational NEW Design for Small 

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 & Power 
12V Regulated Power Supply Required (120mA typical 
power consumption) 
0.1 LUX Rating (B/W), 1 LUX (color) 
CCD Area Image Sensor for Long Camera Life 
Back Light Compensation Circuit 
Built -In Electronic Auto Iris Lens 

VMCW -H1IA 32mmx32mmx3Omm, Color CCD with standard lens, pre - 
wired cabling I2V DC Power `1119. " /'99." 5 or more 

VMCW -H12A 32mmx32mmx19mm, Color CCD with pinhole lens, pre - 
wired cabling, 12V DC Power Input `1119.''Y''I .' or more 

VMPS -718A 25mmx25mmx3Omm, B/W CCD with standard lens, pre - 
wired cabling, 12V DC Power Input V9: "'145.' "'5 or more 

VMPS -250A 25mmx25mmxl5mm, B/W CCD with pinhole lens, pre -wired 
cabling, I 2V DC Power Input '49." / '45. 5 or more 

dtench Digital Multimetes 
w RS232C Interface 

Tate RMS/AC voltage & current 
Digital & Analog Display ne 
3999 Counts & 42 Segment Bar graph 
Autorange & Manual Range 
Data Hold. Min/Max Relative Measurement 
Storage Data Display/Rcrall 
Back Light 

Continuity lest Only 9ADP 

baurentcnt:4IX)nV +I 
9Di 

I 

öv ! 
DC 

RS232C standard interface 
any qty. Dick Tea 

AC or DC power 
Extensive 
Details C' 
WEB SITE 
Item# 

\SI9803R 

neiw O'Scope Offer 
30MHz! ONLY $299! $299 
Industries Best Price! 
See web for specs 

Dual Channel 
Dual Trace 
Vert Trigger 
I Year C.S.I. Warranty! 

Manufactured for CSI by a leading 
O.E.M. manufacturer. See our 

\website for detailed specifications! 

#OSC -1030 

3000 Series Digital R/O Bench Power Supply 
Low Cost Single Output 3 Amp 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: 2x 10' o[ma 
Load Regulation: I x 104 +5mv 
LED Accuracy: Voltage ±I% +2 digits 

Current ±I.5% +2 digits 
Wave Line Noise: _Slmvrms 
Dimensions: 291 mm x 158mm x 136mm 

CSI3003: 0-30v/0-3amp 
Digital R/O Bench PS, 

I x I 0'+5mv Load 
Regulation 

$89.00 51$85.00 

CS1 5003: 0- 5000 -3 amp 
Digital R/O Bench PS, 
1x10 -4 +5mv Load 

Regulation 
$ 109.00 5/$99.00 

AS 
LOW AS 

$85 

CIRCUIT SPECIALISTS, INC. 220 S. Country Club Dr., Mesa, AZ 85210 800 -528 -14171480- 464- 2485 /FAX: 480 -464 -5824 65 
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SIJ oLc CHIP COMPUTER 
-ZERO external components oem (1k) 
-Built -in BASIC / Assembly 

1 -RS232 program download 
-1 K flash,64ee,3irq,2timers 
-15 I/O bits, A/D comparator eval (1) 

-20mips,faster than pic /8051 $ 7 
-20 pin D11' part #MV1200 .00 

NEW! 8K SUPER CHIP 
40x the BASIC program space! 

-32 i /o, 12 irq, 3 timers, Bus 
-8K flash, 512ee, 5l2nvram 
-Watchdog with internal ose. 
-40 pin DIP part #MV8515 

ocm(1 k) 57.10 eval(1) 525.00 

CREDIT CARD COMPUTER PC WATCHDOG CARD 
New PIA ( -A -GO, no cables /power supple to buy' 
To- poker RIS(' cpu I0x faster than I'I('. 180. 8051 

256k \V mem.ser.par,lt R ,4ch 50khz ADC,IS 1 bus 

Built -in R,1S1(/ ssemhh, other compilers as ail. 

Friendly instruction set, unlike PR' or 8051 

oem (1k) price 14.20 es al kit (I) 550.011 

No More Hangups! 
Reboots P( on hardssaresoftware hang 

3 versions: RESET, TINIER. PlIO \I. 
reset sersion oem 521.311. es al kit S75 

LO COST MINI -PC PC SOLID STATE DISK 
Includes DOS,A1 mem,:1I)( ,R 111,clock,IS.1 bus 

Ports for serial, parallel, 1,(1). key hoard 

Program in Turbo C. BASIC, 11AS1I. etc. 

Complete, no costly desclopment kits required 
Lowell power lowest cost I'(' compatible available 
\T: oem S27 es al S95 AT: oem S55 es al 5195 

Replace mechanical dris es with faster, 
more relaible. mure secure solid- state. 

Use F1..1Sll. NV RANI, U1. t' F:I'R011. 
Ruth DIP and Pt 51(1t sersions front 
32khyte (P( SII) to I(;igabyt (P(.1)2) 
starting at SI4.2ftoem(I k) S511.00es al(1) 

640x480 VGA LCD $27 SERIAL MINI -TERMINAL 
Controller for most single /dual scan L( -Ds 

11 orks w ith 10 -res (I60x120, 320x240,etc.) 

t se with PC or SRC, standard's ( t RIOS 
Source code demo shows S C 1 initialization 
.adaptable for other CPt s (i.e. /80, II( I 1) 

orni) 1 k) S27 esalkit(I) S95 w /10" I_(7) SI 95 

RS232 terminal for Stamp, P(C,180.:11R etc. 

-super loss-current. powers from serial line 
-I 1:1) backlit I.(1), visible in all conditions 
-115.2kbps, 1)119 Conn, simple commands 
-specify 20 customizable or 16 tactile keys 

es -aI(I ) S75,oem(1 k) S21.30,w /It.1SIC cpu S27 

Read / Write PC compatible hard 
disk, PCMCIA, & Compact Flash. 
RS232 to ATA drive adapter for 
Stamp, 8051, AVR, PIC, Z80, x86 
ANY controller, big or small: 
-up to 4 gigabyte capacity 
-low power operation 5v 2ma 
-simple software commands 
-baud rates up to 115.2kbps 
-S14 IDE & S21 ISA /104 versions 

Dsr- 
oem(1 k) 

27 
eval kit(1) 

95 
WWW.STAR.NET/PEOPLEhMVS 
MVS Box 803 Syr Limited Warranty 
Nashua,NH 03060 Free Shipping 
(508) 792 9507 Mon -Fri 10-6 EST 

1 J 

SERVINe. THE ET1)SEDD=n 
COMMUN 1 rY SlNfr. E 197 ? 
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Download oLr FREE layout software 
Design your two -sided plated- through PCB 

Send us your design with just a click 
Receive your boards in a few business days 

Select our MiniB 3ard serve and gat three top quality 
2.5" x 3.8" PCBs for $S2 - shin ping included! 

expresspcb.comiLi 

co NT We_ O L 
RELAYS LIGHTS MOTORS M EASLJI RE 

TEMPERATURE PRESSURE LIGHT LEVELS HUMIDITY 

SWITCH POSITIONS THERMOSTATS. LIQUID LEVELS 

MODEL 100 

PLUGS INTO PC RUS 

24 UNES DIGITAL I/O 
8 CHANNEL. 

8 Eli A/0/ IN 

12 BIT COUNTER 

UP TO 1411 BMP /SEC 

12 Brr 100 SHE A/D 
4 ANALOG OUTPUTS 

3 TIMER COUNTERS 

24 DIGITAL I/O 

:R! .., ...., 
RS232 INTYRFAR 

2R LINES DIGITAL I/O 

8 ANALOG INPUTS 

PWM OUTPUT 

RS 232 INTERFACE 

R DIGITAL I/0 
S ANALOG INPUTS 

2 ANALOG OUTPUTS 

2 COUNTERS -24 RET 

MODEL 150-02 . . . . S179 

RS202 INTERFACE 

IRMA, 20 AMPS 

12 BET A/O 

OPTO.ISOLATED 

COMPLETE DMM 

.$239 
PS-232 INfi1D'ACE ":.-;'. 

18 BIT A/D 
5.5DIGIT 

UP 10 60 SMP/SEC 

Prairie Digital, Inc. 
PHONE 608 -643 -8599 FAX 608- 643 -6754 

CIRCLE 219 ON FREE INFORMATION CARD 

Have you 

ever given a gift 

so wonderful, 

someone carries it 

with them the 

rest of their life? 

Please give blood. 

There's a life to be saved right now. 

Call 1.800 GIVE LIFE 

Armrkn NM Cr.. 

MAY D THE on't let the dark forces of SOURCE ignorance defeat you. Right in this 8E w \T H galaxy you can tap into the source - 
the free Consumer Information 

.- YOU Catalog. It lists free and low -cost 
federal publications on a variety 
of important topics. 

So dispel the darkness and get the 
source. Call toll -free 1 -888 -8 PUEBLO for your Free Catalog. Or set your 
coordinates for the Consumer Information Center Web site: 

www.pueblo.gsa.gov 

SEARCH & BUY ONLINE 
www. mouser. corn 

MOUSER 
E L E C T R O N I C S m 

CIRCLE 325 ON FREE INFORMATION CARD 
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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 MicroStamplI, manual, PC software (free - 
ware assembler, SBAS/C compiler, MicroLoad utility, 
and sample programs), serial cable, Docking Module, 

and accessories. 
Attention OEMs: 

Embed MicroStampiI modules into your product! 
only $20 each (100 -pc. price, 8K version) 

040o00 o o0O 

111111110-_0 0°,0' 0 0 opb p 

° .11111111pó = ° - _ ° 
° 0 0 = _ v - ° n o 

°-Q 

Innnulnl 
11111111111111 

ÌOIIIIIII1111111 0 IIIIIIIIIIIII 0 á. O' 0 0 0 0 0 0 41 0 0 0 0-0 U 
Co o 

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 

Techaological 
/ftS \ 

Many other modules & accessories available. 
Visit our website 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 

Lynxmotion, When you're tired of playing with toys! 

1 

1 
Lynxmotion, Inc. !it Tel: 309 -382 -1816 
PO Box 818 *ILy r n /mOt1O11 Fax: 309- 382 -1254 
Pekin, IL 61555 -0818 sales @lynxmotion.com 
www.lynxmotion.com Visit our website or ask for our free catalog! tech @lynxmotion.com, 

HIGH QUALITY FM 

pADCAST EQU PME - SINCE 1990 - NT 
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. Give 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 

Po tronics 
Interactive Edition 

Projects ...Courses...Articles...a more 

Read it on the WEB! 
An e- magazine for everyone 
who loves electronics. 
Interesting articles and 
related items. 

www.poptronics.com / 
interactive 

One tete can make 
ia.)00,000 matches. 

One match can burn 
3,000,O00 trece. 

Do You Repair Electronics? 
Repair Databases for Over 76,000 records 
TV. VCR. Monitor, UL Private user forums 

Audio. FCC, and more. - _vc on -line chat rooms 

RepairWorld.com 
Ekctronix Corp I Herald Sq. V.mtora, Oil 45324 (937) 878.9878 

S /LAGERS! (1OCE... 
Unlimited Free Backgrounds 
from Original Standard Recordings! 
Thompson Vocal Eliminator"' 

uree o n iDemo 
24 our Demo/ Info Line .- 
(770)4 -2486 Ed 49 
LTSound Dept PE -1 7980 UParkway, Lithonla, GA Internet www LTSound.corn 
Better Than Karaoke For Over 25 Years! 

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 Isola- 
lion 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 60Hí 
2000VA. 17.8x11.4x9.6, 115 lbs sh. 
Unused, $250.00 ea, 2 / $450.00 

Allow money for shipping. 

SEND FOR OUR 
LATEST CATALOG !! 



Turn your PC into a 16 -bit Storage Scope 
spectrum analyzer, and digital multimeter! 

Turn your PC or laptop into a 

sophisticated storage scope & 

spectrum analyzer & multimeter. 

Display on large screen! Print in 

color! 100MS /s 8 -bit, 1.2MS /s 

12 -bit or 333kS /s 16 -bit versions. 

Great for test depts, schools. 

Input to Excel. LabView /NT dri- 

vers. High precision not high 

cost! Models from $95 - $799! 

DrDAQ 
science lab in a box! 

DrDAQ is a sophisticated digital data - 

logger that plugs into a PC and comes 

with sensors for light, sound, pH and 

temp. Lots of suggested science 

experiments included which can be 

done from software supplied. 

Spectrum analyzer /scope /meter all at 

once! DrDAQ from only $99! 

ÌI1Ìr .. 
www. saeligr. corn 

RS232-422/485 converters, self powered, opto- isolated 

12C adapter boards for PC communication with 12C bus 

Mini dataloggers for events, voltages, pressures, etc. 

Enviromon temperature and environment netwk logger 

Thermocouple and thermistor adapters for PC ports. 

BASIC -programmable BASIC -TIGER controller modules 

JANZ CANbus boards - from Germany's leader! 

SMD adaptor boards for prototyping with any SM parts! 

Saelig Company 
www.saelig.com saetig@aol.com 
716-425-3753 716-425-3835 (fax) 

YOUR LOCAL ONE STOP SHOP FO 
ALL YOUR ELECTRONIC NEEDS! 

Over 150,000 parts in stock! 
We have the best names at the best 
prices for all your electronic projects! 

unit 
Components 

Test 8r Measure 

Equipment 

:,nernicals Hand Tools Prototyping 

Wire 8r Cable Books & IGts Static Control 

Soldering Supplies Datocom and much more! 

We now carry a wide selection of BASIC stamp products from Parallax! 

Join our ACT /YFjthis 
BALTIMORE MARYLAND Rewards Program today! 

CAMBRIDGE MASSACHUSETTS 

CHERRY HILL NEW JERSEY 

CHICAGO ILLINOIS 

DETROIT MICHIGAN 

LONG ISLAND NEW YORK 

SEATTLE WASHINGTON 

WOBURN MASSACHUSETTS 

Visit www.activestores.com for 
details on the store nearest you 

Iso 10 Locations in Canada 

hi %I', PM( ha`, 00 

It's the free and easy way to earn 
points on every in -store purchase 

and save big!* 
'See us in MI or o,éra for more derails 

Sign up today and get I 
radius BONUS 

REWARDS PROGRAM 
New. memberships only. Points awerded on irrstore pm chases only POINTS 

PlCmicro ® PIC16F87x Series and ICD Book 

EasiA Debug'n 
Features of PIC16F87x microcontrollers 
In- circuit debugging using Microchip ICD 
Companion for our PIC'n book series 
8.5x11 format. 72 pages. $12.95 

Table of Contents and Ordering Information On Web Site: 

+ $5 s/h in US. VISA, MC, AM, DS, MO, Check 
CA residents please add 7.25% CA sales tax 

PlCmicro and MPLAB are trademarks of Microchip Technology Inc. 

1 ELECTRONICS 

P.O. Box 501, Kelseyvil e, CA 95451 
Voice (707) 279 -8881 Fax (707) 279 -8883 

We have been selling on the Internet since 1996. We will ship 
the day we receive your order or the next business day. 

PlCmicro® BOOKS 
Easy PIC'n - Beginner 

Programming Techniques 
Instruction set, addressing modes, bit manipulation, 
subroutines, loops, lookup tables, interrupts 

Using a text editor, using an assembler, using MPLAB 
Timing and counting (timer 0), interfacing, I/O conversion 

PIC'n Up The Pace - Intermediate 
Serial communication - PlCmicro to peripheral chips 
Serial EEPROMS 
LCD interlace and scanning keypads 
D/A and A/D conversion - several methods 
Math routines 

PIC'n Techniques - Intermediate 

$29.95 

$34.95 

$34.95 
8 -pin PlCmicros 
Timer 1, timer 2 and the capture/compare /PWM (CCP) module 
Talking to a PlCmìcro with a PC using a terminal program 
Test equipment and data logger experiments 

Serial PIC'n - Advanced $49.95 
Synchronous - bit -bang, on -chip UART, RS -232 
Asynchronous - 12C (Philips Semiconductor) 

SPI (Motorola), Microwire (National Semiconductor) 
Dallas Semiconductor 1 -Wire bus 
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AíFy.luríl 
VWbwrid Off *11 .J Cable TV Descramblers 

/ I COPY AL TAPES WITH OUR VIDEO STABILIZERS 

Buy 1 Descrambler, 
Get the 2nd for 

112 Price 4-30 DAY FREE TRIAL! 
4- FREE PRODUCT CATALOG! 

BEST DEALER PRICING! ' yoo MONEY BACK 
RRJJ GUARANTEE 11111111 

1- 800 -906 -6664 Mr 
2609 S. 156th Circle Omaha, NE 68130 

http: //www.modernelectronics.com 1111 

Volunteers of America turns obstacles 
into opportunities for thousands of 
homeless and hungry families, senior 
citizens, and at -risk youth in communities 
across the country. Your donation can 
help provide the opportunity of a lifetime. 

Volunteers of America -changing 
lives, restoring hope. Please call 
us at 1.800.899.0089 or visit 
www.volunteersofamerica.org. 

Volunteers 
of America 

*ere arc no linrifs to carYng.'" 

CI 340 East Rs! Street 

Dayton, Oho 45402 

kJ. es..." 

Tons of 
Electronics 
Get your FREE catalog today and discover 
some of the best deals in electronics. We 

have thousands of items ranging from 
unique hard -to -find parts to standard 
production components. Call, write or 
fax today to start your subscription to 
one of the most unique catalogs in the 
industry, filled with super values on 
surplus electronic and hobbyist 
type items. 

(/4 ¡(1(1(1(1 ,,:-!,i,' (flih)4 httrllwwwrneci.mm 

Order Toll free 
Wlrr pay Inure! 

Cal/ today! 

Fax Order Lne 

1 -000- 344 -4465 1- 800 344 -6324 

CIRCLE 323 ON FREE INFORMATION CARD 

The Standard for checking 
Capacitors in- circuit 

Good enough to be the 
choice of Panasonic, 
Pioneer, NBC, ABC, Ford, 
JVC, NASA and thousands 
of independent service 
technicians. 

Inexpensive enough to pay for itself in just 
one day's repairs. At $179, it's affordable. 

And with a 60 day trial period, satisfaction 
guaranteed or money -back policy, the only 
thing you can lose is all the time you're 
currently spending on trying to repair all 
those dogs you've given up on. 

Locate shorted or leaky 
components or conditions 
to the exact spot in- circuit 
Still cutting up the pcb, 
and unsoldering every 
part trying to guess at 
where the short is? 

$179 

Your DVM shows the same shorted reading all 
along the pcb trace. LeakSeeker 82B has the 
resolution to find the defective component. 
Touch pads along the trace, and LeakSeeker 
beeps highest in pitch at the defect's pad. Now 
you can locate a shorted part only a quarter of 
an inch away from a good part. Short can be 
from 0 to 150 ohms 

CapAnalyzer 88A LeakSeeker 82B 
Available at your distributor, or call 561- 487 -6103 

Electronic Design Specialists www.eds -inc.com 



Electronics So7 

& Computer 
Training 
Cleveland Institute of Electronics 
No matter what your career goals may be, most employers still insist on an 

educational background. Cleveland Institute of Electronics (CIE) offers educational 
training in Electronics and Computer Technology that lead to Diplomas and 
Degrees. 

Even if you have no experience in the high -tech workplace, CIE can give you the 

hands -on education you need to maximize your career potential. Experience a step - 

by -step program designed specifically for the independent study student. 

Our patented teaching method allows you to complete each lesson at your own pace 

so you can study at times that are most convenient for you! 

A Wide Range of Electronics & Computer Training Available! 

You'll find many different CIE Career Courses ranging from our Computer 
Programming course to our Electronics Technology with Laboratory course to 

our most advanced program, CIE's Associate in Applied Science in Electronics 
Engineering Technology. 

Every program includes all the tools, lab equipment and instructor support 
necessary to compete in the 21st century job market. 

After successful completion of a Career Course, you'll receive a diploma. Continue 
in your studies and you can earn an Associate in Applied Science in Electronics 
Engineering Technology. 

There are many other courses to choose from 

so you can get the exact job -training 
course that's right for you! 

Build on what you already know! 
You may be eligible to apply for advanced 
standing in CIE's A.A.S. Degree Program 
based on your previous military training or 

academic history. 

Send for a FREE Course Catalog Today! 

Fill out the form on this page or call CIE toll -free 
at (800) 243 -6446 or visit us at www.cie -wc.edu 
and we'll send you a complete information 

package with our course catalog & tuition prices. 

Name 

Address 

Apt 

City 

CIE 1776 E. 17th 

Cleveland, OH 44114 

State 

Zip 

Phone 

e -mail 

Check box for G.I. Bill Details: 

Active Duty Veteran 
PT30 

Call 1- 800 -243 -6446 for a FREE catalog or visit www.cie- wc.edu today! 

CIRCLE 320 ON FREE INFORMATION CARD 
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AMAZING 
,t, rl,> See in Action video on our web 

DEVI CES site at www.amazingl.com 
Tesla Lightning ins 

2 to 3" Spark Discharges 
12 VDC/115 VAC/battery 

Safe High Frequencies 
Adjustable Output and Optional Timer 

TUTE Plans...$6.00 TUTE1K- 15WPIane $39.95 
TLITEl0- Assembled and Tested $54.95 

Ion Ray Guns 
Star Wars Technology Directs Energy 

Star Wars Technology Demonstrates Weapons 
Potential, Force Fields, tonMotors, Antigravity etc 
Projects electric shocks without contact!! 
Conduct many weird and bizarre experiments. 
Handheld battery operated and easy to operate. 

IOG9 Plans $10.00 
1OG9KKit/Flans $129.95 
10090 Assembled/Tested $199.95 

Mind&Brain Controllers 
Increditable 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 - KiVFlans $29.95 
TRIG10 - Lab Assembled $49.95 

New Health Contypt 
Pulsed magnetic breakthrough 
provides miraculous healing 
and rejuvenating properties. 
THMAG10 Magnetic Pulser /$24.9 

ody Heat Telescop 
Detects living bodies over 
300' Heat leaks etc. Built in 
chopper and sens control 

BHT6 Plans..$10.00 BHT6K Kit.... 45 
BHT60 Ready to use $149.95 

Mini TESLA Coil 
Lights up a 4' fluorescent 
tube -all without any 
contact!! Yet only 3" tall? 

MTCIKKit/Plans $24.95 
MTC10 Assembled $34.95 

Ultrasonic Painfleld 
Generators 
For property and 
personal protection. 
Four transducer 
matrix intensifies - 
and concentrates 
effect on target area. ! ., 
PPF4 Plans $20.00 
PPF4K Kit $199.95 
PPF40 Ready to use $299.95 

3 MI Voice Transmitter 
Crystal clear . Many 
applications. Easy to build 

FMV1 Kit and Plans..539.95 

30 to 50x brighter than most red ..' 
Full 5 mw range in excess of 6000 feet I I 

Includes x7 range extender plans and lenses 

LAPNGR5 Pointer.... $Call for Price!! 

Low Cost 100,000 Volt 
DC Supply 
Amateur experimenters sourr4 
of HVDC for many applications 

100,000 volts at .2ma 

Built in dry filled multiplier. 
Operates on 12vdc or115vac \ 

HVOLT1 - Plans $8- 0 
HVOLTIK -KIt/Plans.....$149 
HVOLTIO - Assembled....$249.95 

Combo Tesla Coil, Jacobs 
Ladder, Plasma To 
Amazing and bizarre 
effects turn a normal light 
bulb Into a spectacular 
plasmadispiayll With 
adjustable frequency 
control. Safe 12vdc input 
TCL5 Plans..58.00 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 in science 
museums as users get to crush and keep 
their own can. Kids love this!! 

Wire Exploding 
Generate pyrotechnical a olive blasts for 
many applications. Create a new artistic 
concept. Uses our unique high energy 
pulser shielded explosion chamber. 

HEP9 High Energy Pulser...$20.... 
Plans pack Includes above MASS1 Mass 
driver, CANCRU! 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 I HERF Generation, Build a Rail or 
Cod 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 <info1(xtdl.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 
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New and Pre -Owned Test Equipment 
New Equipment Specials 

B +K Precision 2120B - 30 MHz Oscilloscope 
* FREE Model 117B Multimeter * TV Triggering 

2 Channel, Dual -Trace * (2) Probes Included 
* 30 MHz Bandwidth Sale Price $339.00 

AVCOM PSA -37D - Spectrum Analyzer 
Satellite Downlink - Installation - Maintenance & Service 

Band 1: 10 - 1750 MHz Built -in DC Block & Power for 
Band 2: 3.7 - 4.2 GHz LNA/LNB's 
Carrying Case Included 
Line or Battery Powered Sale Price $2,395.00 

Instek GOS -6103 - 100 MHz Analog Oscilloscope 

100 MHz Bandwidth Time Base Auto -range 
2 Channel, High Sensitivity (2) Probes Included 
TV Trigger - Signal Output 2 Year Warranty 
Cursor Readout Sale Price $899 00 

Leader LF 941 - CATV Signal Level Meter 

TV /CATV Coverage from 46 -870 MHz 
Video /Audio Carrier Measurements Sale Price $489.00 
Wavetek Meterman HD160B Digital Multimeter 

Full Sealing Against Water, Chemicals, & Fluids 
True RMS 

Sale Price $159.00 Drop f to 10 feet (3.3m) 

nE=e (AMEX) C.O.D. 

Pre-Owned Oscilloscope Specials 

Tektronix 
Tektronix 
Tektronix 
Tektronix 

465 100 MHz $499.00 
465B 100 MHz $649.00 
475 200 MHz $749.00 
475A 250 MHz $949.00 

Professionally Refurbished 
Aligned & Calibrated to Original Specifications 
The Industry Standard of Oscilloscopes 
I Year Warranty - The Longest Available!!! 
See Website for Complete Specifications 

See us on the Web! 
www.testequipmentdepot.com 

We Buy Surplus 
Test Equipment 

Test Equipment Depot 
A FOTRONIC CORPORATION COMPANY 

99 Washington St. Melrose, MA 02176 

(1- 800 -996 -3837) (781) 665 -1400 FAX (781) 665 -0780 

TOLL FREE 1- 800 -99 -METER e -mail: sales @testequipmentdepot.com 

CIRCLE 322 ON FREE INFORMATION CARD 



SET 
GET THE NEW CATALOG TODAY! 

New Kits, New LPFM, New Cameras 
www.ramseykits.com 

35 WATT LPFM STEREO TRANSMITTER 

11111110111 
35W RF output, VSWR protected 
Automatic audio & power controls 
Digital synthesized PLL 
Full front panel control ti hOr- 
110/220VAC, 12VDC o to ron 

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 
Visible and audible display of your heart rhythm 

gilt Re- usable sensors included; just like visiting the hospital! 
Bright LED "beat" indicator 
Monitor output for oscilloscope display - 

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 
P Generate 2" sparks to a hand held screwdriver! - ,,. 

Build your own plasma balls! 4,1,ä7!4i 

25KV at 20 KHz from a solid state source! 
Generate really impressive sparks, build your own plasma 

,,0106' 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 

$59.95 
$19.95 

ION GENERATOR 
iip 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 puré 
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! 

1G7 Ion Generator Kit $59.95 
AC125 110 VAC Power Adapter $9.95 
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TOUCH -TONE TONE GRABBER 
New- built -in RJ11 phone jack 

oso Large memory holds over 500 numbe 
Big bold 8 digit display, auto insertion of da 
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 
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RCA TO XLR AUDIO CONVERTER 

Connect consumer outputs to XLR inputs ilk Left & right audio gain adjustments 
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! 

R2XL1 Unbalanced to Balanced Audio Converter Kit $49.95 
CR2XL Matching Case & Knob Set $14.95 
PWR25 12VAC Power Adapter $9.95 
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sales @ramseykits.com 

AUTOMATIC COLOR /BW IR CAMERA 
Color during the day, IR B&W at night! 
Automatically turns on IR Illumination . 
Waterproof to IP57 standards! j { 
Black anodized housing with unive 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 59.95 

MINI B &W CAMERA WITH IR ILLUMINATION 
Built in IR illumination! 
Sees in total darkness! 

n 

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 

Synthesized 88 to 108 MHz with no drilt 
Built -in mixer - 2 line inputs and one 
microphone input! 
High power module available for export use 
Low pass filter for great audio response 

Our FM100 is used all over the world by serious 
hobbyists as well as churches, drive -in theaters, 

nd schools. Frequency synthesized PLL assures drift-free operation with simple 
ont panel frequency selection. Built-in audio mixer features LED bargraph 
eters to make setting audio a breeze. The kit includes metal case, whip antenna 

nd built-in 110 volt AC power supply. 

M100 Super -Pro FM Stereo Radio Station Kit 
Ml OOWT 1 Watt, Wired Export Version 

$249.95 
$399.95 

SYNTHESIZED FM STEREO TRANSMITTER 

All new design & features for 2002! 
Fully adjustable RF output _Ik 

Our #1 kit for years has just gotten be er 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 

ore. Includes case, power supply, whip antenna, audio cables. 
M25B Synthesized FM Stereo Transmitter Kit $129.95 

AND...OUR FAMOUS MINI -KITS 

TT7 - 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 
BN9 Super Snoop Amplifier Kit $8.95 
BL1 LED Blinky Kit $3.95 
TD1 Tone Encoder /Decoder Kit $6.95 
TT7 Touch Tone Decoder Kit $19.95 
CPO3 Code Practice Oscillator Kit $9.95 
UT5 Universal Timer Kit $8.95 

OsiAr Order Today! 800 -446 -2295 
www.ramseykits.com 
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