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There are copies and then there are 

originals. Only Fluke meters - the original 

and most copied DMMs in the world - deliver 

the safety, quality and value they promise. 

They're built tough enough to achieve 

C.S.A. and U.L. listings, not to mention the 

considerable on- the -job punishment they 

endure. Each meter is loaded with features, of 

course. But those features are also designed 

to work together intelligently, so your job is 

easier. Faster. And safer. 

If you're going to spend your hard -earned 

money on a multimeter, why buy an inferior 

copy when you can own an original? See 

Fluke's full line of handheld meters and 

accessories at your local distributor; or call 

1- 800 -87 FLUKE for the name and number. ORIGINALS 

FLUKE 
© Copyright 1993 John Fluke Mfg. Co., Inc. P.O. Box 9090 M/S 250E Everett, WA 98206 U.S.: 206- 356 -5400 

Canada: 416 -890 -7600 Other Countries: 206 -356 -5500 All rights reserved. Ad no. 00381 
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EDITORIAL 

GETTING A BACKBONE 
Some of you may have noticed something different about 
this month's issue of Popular Electronics. We've done 
a little reorganizing; moving around Gizmo, some other 
monthly columns and features, and our Market Center 
advertising section. But even more important, we've 
grown a backbone! 

The change is one that readers have been requesting for 
a long time. For one thing, adding a book -like spine to 
Popular Electronics makes storing and finding issues a 

lot easier. Just a glance at the spine will tell you the 
month and year of the magazine; no more pulling scads 
of magazines off the shelf to look for the particular issue 
you need. 

Unfortunately, adding a spine wasn't practical until 
recently. Now, because of the increased size of Popular 
Electornics, we've been able to change to a binding 
technique known as "perfect binding," which gives the 
magazine its new look. 

In publishing, like electronics, the only constant is 

change. The changes we've made in Popular 
Electronics are subtle, and we think for the better. Of 
course, you, our readers, are the final judge of that. Let 
us know what you think! 

Carl Laron 
Editor 



Take this GIANT CIRCUIT 
LIBRARY for only $9.95 

when you join the Electronics Engineers' Book Club° 

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

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

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

Turn to this 
comprehensive circuit 
library for hundreds of 
project ideas ... 
valuable troubleshooting 
and repair tips ... and 
concise pinout diagrams 
and schematics. In each 
volume you'll find more 
than 700 electronic and 
integrated circuits and 
100+ circuit categories 
right at your fingertips 
to give you ideas you 
can use on the job or 
at your workbench. 

A 
$180.00 
Value! 

2,344 total pages 3,490 total illustrations 

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

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

Publisher's price shown. 'p1993 EEBC 

Book No. 5489C Hardcover 

It coupon is missing, write to: Electronics Engineers' Book Club, Blue Ridge Summit, PA 17294 -0860 

ELECTRONICS ENGINEERS' 
BOOK CLUB 

Blue Ridge Summit, PA 17294 -0860 

YES! Please send me The Encyclopedia of Electronic Circuits - 
Vols. 1, 2 & 3 (5489C), billing me $9.95 plus shipping /handling & 
tax. Enroll me as a member of the Electronics Engineers' Book 
Club according to the terms outlined in this ad. If not satisfied, I 

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

Name 

Address 

City 

State 

Zip Phone 
Valid for new members only, subject to acceptance by EEBC. Canada must remit in U.S. funds drawn 
on U.S. banks. Applican's outside the U.S. and Canada will receive special ordering instructions. A 

shipping /handling charge S. sales tax will be added to all orders. PPIF194 
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METRIC MADNESS 

In answer to Roger Gilbertson's 
request for what hobbyists think 
about his beloved metric system 
(Letters, Popular Electronics, 
October 1993), I would suggest 
that he devote his considerable 
energy toward some worthwhile 
cause. Spotted owls, perhaps, 
or we have some endangered 
crickets here in Oklahoma that 
he could champion. 

Three main arguments are 
used to promote the change to 
the metric system. (1) The rest 
of the world uses it, so we 
should, too. (2) We can sell our 
products to the rest of the world 
more successfully if they were 
made with metric measure- 
ments. (3) The metric system 
uses different terms for force 
and mass, whereas the English 
system uses the same term, the 
pound. 

Much of the world is starving, 
and a good deal of the rest is 

busy killing one another, so I 

don't see why we should work 
so hard to be like them. In fact, 
it's darn nice to be unique and 
different. Reason two is an ob- 
vious fiction mouthed by a 

surprising number of educated 
people who are either men- 
dacious or stupid. Did building 
metrically dimensioned cam- 
eras, motorcycles, and cars 
hamper the Germans or Japa- 
nese from selling their products 
in the U.S.? If you build a 

quality product, it could be di- 
mensioned in cubits for all the 
user cares. Further, there has 
never been anything to keep 
anyone in the U.S. from using 
the metric system, or any other 
system, whenever it benefits 
them. I hope we can keep it that 
way. 

As far as reason three is 

concerned: yes. So what? 
And, yes, I like the English 

system. It's got history, 
character, and class. It works, 
and it wasn't invented by the 
French. 

This is not to suggest that the 
metric system won't take over, 
what with Big Brother and the 
schools behind it. I consider it a 
decided issue, but, as you might 
surmise, am in no hurry for it. I 

can handle the metric system 
when I run across it, but I think 
the shift to metric is a stupid 
waste of effort and money. But 

LETTERS 
what else is new with our gov- 
ernment? 
H.C.D. 
Tulsa, OK 

A MEMORABLE 
MOTOROLA 

The October issue of Popular 
Electronics is exceptionally 
well done, seamlessly interfac- 
ing with the quality of 
information and entertainment 
in the Popular Electronics of 
many years ago. 

I am a computer -literate per- 
son, so I enjoy those sections 
also. I was commercially as- 
sembly- language programming 
a 16 -bit mini computer when 
your first "computer" issue hit 
the stands. Sometimes your 
material duplicates that in the 
computer- industry publications 
that I receive, but just as often, 
Popular Electronics authors 
include some unique informa- 
tion or a different perspective. 

In response to the October 
Antique Radio column, I have 
had the pleasure of operating 
several fine Motorola products 
over the years. In my eyes, their 
business succeeds because of 
the exceptional quality of their 
products. 

My prize Motorola today is an 
R -174 Korean War -era military 
shortwave receiver. A friend of 
mine built a "battery eliminator" 
for it. I am amazed at the 
performance. 

The circuit uses ultra -mini- 
ature vacuum tubes. Compared 
to any other tube (and many 
solid- state) receiver that I have 
used, the Motorola is incredibly 
sensitive and selective. Even in 

today's crowded bands, the 
Motorola does well through its 
entire 1.5 -18.0 -MHz frequency 
range. It even has a BFO for 
sidebanders. 

The other big surprise for me 
is the rapidity with which this 
circuit warms up- almost as 
quickly as a transistor set. And 
there is no perceptible heat 
buildupl I picked the set up for 
little money from an ad in the 

Popular Electronics classified 
section. 
K.F. 

Santa Barbara, CA 

HAVES & NEEDS 

Help! I need the schematic for a 

Sharp stereo tape deck, Model 
RT -1165. I will be happy to pay 
all costs. Thanks. 
DON GAGNON, KB7WGM 
HCR -579 -B 
Payson, AZ 85541 

I have a Tektronix model 7623 
storage scope and I need the 
user's manual to operate the 
storage functions. I do have the 
repair and maintenance manual 
and would gladly exchange 
photocopies with anyone who 
has the operator's manual. 

I've been a Popular Elec- 
tronics reader since the early 
1960's and would like to compli- 
ment your fine magazine - 
especially since you have 
dropped the emphasis on 
computers. 
JEROME KNAPP 
13180 McKanna 
Minooka, IL 60447 

I am looking for the electronic 
Scrabble game made some 
years ago by the Coleco - 
Serchow Co. I recently pur- 
chased the circuit board from 
All- Electronics Co. (a friendly, 
efficient company with a lot of 
goodies at very competitive 
prices), but they do not have 
any information on it. I tried 
writing to the current owner of 
the "Scrabble" name (Milton 
Bradley), but they have no infor- 
mation either. 

The board I have is working 
but it is difficult to figure out 
exactly how this version was 
meant to be played. There are 
also a couple of wires with clips 
on the ends attached to the 
circuit board that have no read- 
ily apparent function. If any of 
your readers are familiar with 
this game and how the board 
was connected, I would appreci- 
ate a copy of the information. I 

will reimburse them for the cost 

of copying and postage. 
RICHARD FLAWS 
209 Douglass Way 

Bolingbrook, IL 60440 

I have a pair of prototype as- 
sembly boards made by E.L. 
Instruments of Derby, CT: an 

OA -2 op -amp designer, and a 

Digi Designer. Both include, in 

addition to the breadboard as- 
semblies, power supplies, 
various waveform generators, 
and input/output terminals. 
They've been very useful to me 
over the years, but have seen 
better days and need some 
repairs and updates. E.L. Instru- 
ments no longer seems to be in 

business, and I'm hoping that 
someone else who has these 
boards might have the sche- 
matics /manuals for either or 
both. I would gladly pay for 
copying costs and other ex- 
penses. 
GENE WARNER 
522 Weiman Street 
Ridgecrest, CA 93555 

I need a schematic diagram and 
PC -board layout for a West- 
minster model No. 1428 AM/ 
FM /CB 1 -40 channel /SW1 /SW2 
412- MHz /AircrafJPB 108-174 - 
MHz five -band portable radio. If 

any of your readers have those 
items, or the manufacturer's ad- 
dress, and perhaps a copy of 
the owner's manual, I would 
gladly reimburse them for any 
printing and postage costs. 
Thank you. 
KEITH TONN 
P.O. Box 103 
222 Elm Drive 
Coleman, WI 54112 

I recently bought a TEC -1802 
board at a surplus store. Now 
I'm trying to find the operator's 
manual and schematic for it. 

The TEC -1802 was made by 
Tektron Equipment Corp. 

I would appreciate hearing 
from anyone who can help. 
Thanks in advance. 
A. BOISVERT 
1748 Meadowview Ave. 
Pickering, Ontario 
Canada, L 1 V 3G8 
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Proper Training 
Foley -Belsaw can give you that training. Training that will provide high 

income potential in the, 90's and on into the twenty -first century. The right 
training can give you the potential for a bright, economically, rewarding and 
fascinating future. You can take control of your future by choosing one of these 
highly profitable career fields. Our experience proves when you're in a field 
you're interested in you'll earn more and advance farther than you ever will in 
a field where you lack interest. 

If you're unhappy with your present job, not satisfied with your income, or if 
you feel you can't reach your full potential, now is the time to act. There is no 
obligation to get a free Career Kit from Foley -Belsaw. Just check the coupon - 

mail it to us - we'll send your Career Kit free. 

VCR Repair 
VCR Technicians report earning $80.00 and more per hour. That's because 

this career field lacks the qualified technicians to handle the demand. We use the 
Viejo Method by Foley -Belsaw to quickly teach you VCR Repair without all the 
unnecessary basic electronics. The Viejo Method has been proven best right in 
the VCR repair shop. 

The vast majority of VCR repairs are mechanical or electromechanical. You 
learn these simple repairs first so you start earning right away. These basic repairs 
become the foundation on which you build your career. 

Personal Computer Repair 
If you have used a computer or are interested in how computers work you' ve 

probably got what it takes to become a computer repair specialist. This field 
continues to grow as personal computers are being used in almost every office 
and many homes. 

You can cash in on this big demand quickly when you learn personal computer 
repair by the Foley -Belsaw method. This quick learning method teaches you the 
basics of computer repair so you start earning quickly as you continue to learn 
more complicated procedures. In a short time you'll be earning $80, $100 or 
more an hour. 

Other Career Opportunities 
Beside VCR and Computer Repair Foley -Belsaw can offer you specialized 

training in other high paying electronic 
fields. These courses all provide the 
knowledge you need to start a business 
of your own. A business where you're 
the boss. A business that provides both 
financial and personal security. 

Foley -Belsaw can also provide you 
with nationally acclaimed training in 
several high paying mechanical career 
fields. Just check the coupon for your 
area of interest. We'll rush you a free 
career kit with all the exciting details. 

FREE Kit 
Fora free information kit in one of 

these high paying career fields, con- 
tact: 

C 
FDLE9 

BELSIiW 

Since 1926 

Foley -Belsaw Institute 
6301 Equitable Road 
Kansas City, MO 64120 

FMB 
BEl,SBW 

Since 1926 

VCR Technician 

Computer 
Technician 

T 
Foley -Belsaw Institute, 6301 Equitable Road 
Kansas City, MO 64120 

Check One Box Only, Please. 

Electronic Courses 
VCR Repair, Dept. 62108 
Computer Repair, Dept. 64023 

BasicDigitalElectronits, Dept.69o20 

Fax Machine Repair, Dept. 67020 
Printer Repair, Dept. 68020 

Camcorder Repair, Dept. 66020 

Name 

Address 

City 

State Zip 

Mechanical Courses 
Locksmithing, Dept. 12397 

Small Engine Repair, Dept. 52334 

Saw and Tool Maintenance, Dept. 

21290 

Upholstery, Dept. 80915 
Woodworking, Dept. 43250 

CIRCLE 154 ON FREE INFORMATION CARD 
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How to Test 
Almost 

Everything 
Electronic 

Third Edition 
by Delton T. Horn 

ELECTRONICS 
LIBRARY 

Electronic testing requires spe- 
cialized equipment, and this 
book explores the entire spec- 
trum of test gear: multimeters, 
oscilloscopes, signal gener- 
ators, logic probes, voltmeters, 
and ohmmeters, to name but a 
few. It explains what each in- 
strument can and cannot do, 
and how to use it properly. Just 
as important, the book explains 
how to analyze and interpret the 

measurements you've made. 
That requires an understanding 
not only of the test gear, but 
also of the circuits being tested. 

To that end, the book details 
a wide variety of actual tests, 
including voltage and current 
checks, digital- circuit testing, 
and television- circuit trou- 
bleshooting. In addition, the 
book covers signal tracing and 
alignment tests, locating specif- 
ic components that have gone 

bad, and the principles of flow- 
charting and troubleshooting 
complex systems made up of 
multiple circuits. Time -saving 
shortcuts are revealed, as are a 
number of simple tests that can 
be made using only a pilot lamp, 
a neon lamp, or a DC voltmeter. 
The third edition eliminates 
some older material on tube 
circuits, replacing it with ex- 
panded information on testing 
transistor- and IC -based circuit- 

ry 
How to Test Almost Every- 

thing Electronic, Third Edition, 
cost $14.95 and is published by 
Tab Books Inc., Blue Ridge 
Summit, PA 17294 -0850; Tel. 

1- 800 -233 -1128. 
CIRCLE 98 ON FREE 
INFORMATION CARD 

THE ARRL ANTENNA 
COMPENDIUM 
Volume 3 
Edited by Gerald L. Hall, K1 TD 

Forty previously unpublished ar- 
ticles on antennas, transmission 
lines, computer modeling, and 
other related subjects appear in 

this book. Topics range from the 
practical and straightforward, 
such as an HF mobile antenna 
that you can build, to those that 
emphasize the theory behind 
some more complex types of 
antennas, such as off -center -fed 
multiband wire antennas. Also 
included are verticals, ground 
planes, and sloper antennas; 
miniature, trap, and multiband 
dipoles; yagis; and loop and 
quad antennas. The book in- 
cludes articles on direction 
finders, ground effects, trans- 
mission lines and feed 
methods, impedance- matching 
technologies, installations, re- 

ceiver overload, propagation, 
and measurements and test 
equipment. An article on com- 
puterized antenna modeling 
and feed -line calculations is ac- 

ARRL .:, _ 

Antenna Compendium 

companied by BASIC program 
listings; software is available 
separately on diskette. 

The ARRL Antenna Compen- 
dium: Volume 3 costs $14.00 
and is published by The Ameri- 
can Radio Relay League, 225 
Main Street, Newington, CT 
06111; Tel: 203 - 666 -1541; Fax: 
203 -665 -7531. 

CIRCLE 90 ON FREE 
INFORMATION CARD 

A CONCISE USER'S 
GUIDE TO LOTUS 1 -2 -3 
RELEASE 3.4 
by N. Kantaris & P.R.M. Oliver 

This small book is intended to 
help PC users learn to use a 
three -dimensional Lotus 
spreadsheet in the shortest and 
most effective way. Written with 
existing Lotus users in mind, yet 
suitable for newcomers to 
spreadsheets, the book is made 
up of self- contained tutorials. 
More experienced readers can 
simply skip over those sections 
with which they are already fa- 
miliar, while beginners might 
want to read every tutorial in 
order. 

The book explains how to 
manipulate three -dimensional 
worksheets and how to link dif- 
ferent files together. It shows 
how to generate and add 
graphs to a worksheet, edit 



them, and then preview and 
print the worksheet. The books 
explains how to use the pro- 
gram's Smarticons to make 
more effective use of time, and 
how to use the WYSIWYG add - 
in to produce top -quality screen 
and printed displays. In addi- 
tion, it describes how to set up 
a database -management sys- 
tem; sort and search a 

database; use the find, extract, 
and modify commands to query 
and edit the information held in 

a database; create, use, and 
debug macros; and how to 
create and use customized 
menus. The self- contained ref- 
erence book conveniently lists 
all of the Lotus 1 -2 -3 Release 
3.4 indicators, Smarticons, 
functions, and macro com- 
mands. 

A Concise User's Guide to 
Lotus 1 -2 -3 Release 3.4 (order 
number BP336) is available for 
$7.25 plus $2.50 shipping and 
handling from Electronics Tech- 
nology Today Inc., P.O. Box 
240, Massapequa Park, NY 
11762 -0240. 

CIRCLE 97 ON FREE 
INFORMATION CARD 

1994 CATALOG 
from Radio Shack 

Radio Shack calls its largest 
catalog ever an "encyclopedia 
of electronics." Within its close - 
to -200 pages, are featured more 
than 75 electronic "Buzz 
Words," brief definitions of 
terms. In several product cate- 
gories, helpful hints for smart 
shopping also are included, and 
charts make it easy to make 
feature -by- feature comparisons 
of each product offered. A page 
of money- saving coupons is 
also included. 

The full -color, perfect -bound 
catalog features more than 
3000 performance- tested prod- 
ucts that fall into such 
categories as audio, video, 
computers, telephones, do -it- 
yourself, automotive, communi- 
cations, and home and family. 
New products include such in- 
novative items as America's first 
Digital Compact Cassette 
(DCC) recorder and the Tandy 
Z -PDA Personal Digital As- 
sistant, as well as the Optimus 
Professional Series of audio 
gear, Optimus home -theater 

For your Heart's sake 
get PULSE STICK 11 

our very own sophisticated 
I pocket health monitor, PULSE 

STICK II, checks your pulse rate 
quickly and accurately anywhere. 
Regular monitoring of your pulse 
rate during exercise will enable you 
to plan an exercise regimen suit- 
able for your stage of fitness. pulse 
stick II provides an early warning 
that you may be exceeding your 
own capabilities. 

PULSE STICK II photoelectri- 
cally measures the changes 

Only 

$39 
95 

in the pulsed intensity of infrared 
radiation emitted by superficial 
blood vessels below the skin of the 
thumb. The time intervals between 
pulses are automatically measured 
and analogued by the micro- 
processor based circuitry and dis- 
played in a liquid -crystal display 
(LCD). 

Before attempting any exercise pro- 
gram, consult your doctor. Ask for 
guidance regarding the recom- 
mended safe pulse ranges for your 

exercise program. Follow 
your doctor's instructions 

carefully. 

Uses three AA dry cells 
supplied with PULSE STICK ll 

psi l-2 

Ideal for running, walking and 
aerobic training programs! 

YES! Please send me PULSE 
STICK II at $39.95 each. Price includes ship- 
ping and handling charges. 

Total amount of order $ 

Check or Money Order enclosed. Make 
check payable to CLAGGK Inc. PULSE 
STICK II Offer 
Charge my Visa MasterCard 

Account No. 

Exp. Date 

Credit Card 
Signature 

L 

Print Name 

Address 

City State _Zip 

No telephone orders or C.O.D. Signature re- 

quired on credit card orders. All prices include 
postage and handling. Payments in U.S.A. 
funds only. New York residents must include 
local applicable sales taxes. No foreign orders. 

Mail orders to CLAGGK Inc. Pulse Stick Il 

Offer, PO. Box 4099, Farmingdale, NY 11735. 

FAX orders to 1-516-293-3115. 

1 
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equipment, two stereo satellite 
systems, a mobile CB radio with 
digital signal processing, and 
two multimedia personal com- 
puters (MPC). 

The 1994 Catalog is available 
for $2.95 at more than 6600 
participating Radio Shack 
stores nationwide. For more in- 
formation, contact Radio Shack, 
700 One Tandy Center, Fort 
Worth, TX 76102. 

CIRCLE 91 ON FREE 
INFORMATION CARD 

VOODOO WINDOWS: 
Tips & Tricks With an 
Attitude 
by Kay Yarborough Nelson 

Although the appeal of Micro- 
soft Windows, with its intuitive 
interface and friendly flexibility, 
is obvious, many Windows 
manuals obscure the programs 
attributes with excess informa- 
tion and technical language. 
This book helps remove the 
confusion by reducing each 
Windows function to its simplest 
ingredients, and limiting those 
functions to the most accessi- 
ble, quickest, and easiest. The 
book demonstrates techniques 
for teaching your mouse new 
tricks, customizing Windows for 
fun and productivity, and avoid- 
ing common pitfalls. It provides 
tips on starting, switching, and 
exiting Windows; and on copy- 
ing and pasting. It reveals 
Program Manager secrets for 
installation, creating new 
groups, and multitasking, along 
with File Manager hints for se- 
lecting, moving, copying, and 
renaming files; deleting files and 
directories; and using the View 
menu. The book also covers 
printing pointers; accessories 
including Calendar, Calculator, 
Notepad, Paintbrush, Cardfile, 

,\\I\t\/I1INrt/& 
- a.umunu". If/ 

and Clock; and various ways to 
customize and optimize Win- 
dows. 

Voodoo Windows: Tips & 

Tricks With an Attitude costs 
$19.95 and is published by Ven- 

tana Press, P O. Box 2468, 
Chapel Hill, NC 27515; Tel: 

919 -942 -0220; Fax: 
919- 942 -1140. 

CIRCLE 92 ON FREE 
INFORMATION CARD 

ISA & EISA THEORY 
AND OPERATION 
by Edward Solari 

This successor to, and replace- 
ment for, Ed Solari's best -selling 
AT Bus Design covers ISA and 
EISA buses in a uniform and 
logical fashion. The just -re- 
leased Addendum covers EISA 
EMB (Enhanced Master Burst), 
also known as Fast EISA, which 
allows transfers up to 133 
Mbytes /second. The first part of 
each chapter covers the ISA 
bus. That material is substan- 
tially the same as that in the 
previous book, although in 

some cases it has been rewrit- 
ten to achieve consistency with 
the EISA and EISA EMB 
buses. 

The book creates order out of 
the numerous combinations of 
bus cycles, and covers memo- 
ry- access cycles, DMA transfer 
cycles, memory refresh, and 
bus master arbitration cycles for 
both ISA and EISA buses. The 
book explains how data sources 
and destinations of different 
data widths work with each 
other, and how byte- swapping 
affects the bus timing. Common 
questions about bus timing are 
also answered. 

The author was involved in 

the design of Intel's EISA inter- 

face chip set and was one of the 
chief authors of the ISA specifi- 
cation developed by the IEEE 
P996 working group. This book 
actually clarifies some portions 
of the EISA specification that 
are ambiguous or in error. The 
book replaces both the ISA 

specification and the EISA 
specification (which costs 
$125), and the Addendum re- 

places the EMB specification 
(which costs $300). 

ISA & EISA Theory and Oper- 
ation is available for $89.95, 
and the Addendum for $29.50 
from Annabooks, 11848 Bernar- 
do Plaza Court, Suite 110, San 
Diego, CA 92128; Tel: 

800 -462 -1042 or 619 - 763 -0870; 
Fax: 619 -673 -1432. 

CIRCLE 93 ON FREE 
INFORMATION CARD 

INSIDE YOUR 
SHORTWAVE RADIO 
by Ted Benson, WA6BEJ 

Written in a clearly understand- 
able style, this book explains 
how your shortwave radio 
works, beginning with radio re- 

ception and taking readers 
through the inner workings of a 

typical superhet shortwave re- 

ceiver. It goes beyond the 
information that is typically in 

your receiver's manual, expand- 
ing upon what the manual 
leaves unclear, or leaves out 
altogether. Throughout the 
book, the emphasis is placed on 

helping you get the most from 
your shortwave radio. 

The book discusses receiver 
tuning, passband tuning, and 
receiver displays. It explains 
CW, SSB, Fax, and RRTY sig- 
nals, and shows you how to 
tune them in. Shortwave ac- 
cessories are also covered. The 
book explains phase -locked 

loops, IF filters, IF notches, ex- 
alted- carrier single sideband, 
panoramic adaptors, preselec- 
tors, antenna tuners, antenna 
connections, feedlines, and 
grounds. A wealth of illustra- 
tions accompany the text. There 
is also a handy glossary of 
receiver terms, and a section 
that answers many of the most 
commonly asked questions 
about shortwave receivers and 
their use. 

Inside Your Shortwave Radio 
is available for $14.95 plus 
$2.00 shipping and handling 
($3.00 outside the U.S.) from 
Tiare Publications, P O. Box 
493, Lake Geneva, WI 53147. 

CIRCLE 100 ON FREE 
INFORMATION CARD 

RIDING THE AIRWAVES 
WITH ALPHA & ZULU 
by John Abbot 

If you'd like your children to get 
their Amateur Radio Novice or 
No -Code license but couldn't 
get them to finish reading a 

license manual, this book could 
be the answer. Taking a fresh 
approach to teaching the ama- 
teur -radio question pool, it uses 
a family of "Phonetico" cartoon 
characters that review every 
question contained in the pool. 
Graphics and drawings are 

used in place of endless pages 
of text. 

Each cartoon episode is one 
or two pages long and is fol- 
lowed by a mini exam designed 
to test reader comprehension. 
Additional teaching tools pro- 
vided in the book include word 
searches, crosswords, and 
other fun puzzles. Each 
Phonetico character is named 
after a letter in the Phonetic 
alphabet, and their bodies are 
made up of the appropriate Mor- 
se code dits and dahs for that 
letter. Youngsters and adults 
alike will enjoy following the 
Phoneticos' adventures as they 
explore and discuss the exciting 
world of amateur radio. 

Riding the Airwaves with Al- 
pha & Zulu costs $14.95 and is 

published by Artsci Inc., P. O. 

Box 1428, Burbank, CA 91507; 
Tel: 818 -843 -4080; Fax: 
818 -846 -2298. 

CIRCLE 101 ON FREE 
INFORMATION CARD 



Introducing a New Era 
In Technical Training. 
World College, an affiliate 
of the Cleveland Institute of 
Electronics, was created to 
provide a four year, indepen- 
dent study, technical degree 
program to individuals seeking 
a higher education. The 
Bachelor of Electronics Engi- 
neering Technology Degree, 
offered by World College, pre- 
pares students for high -paying 
careers in electronics, telecom- 
munications, electrical power, 
computer and control systems. 
World College's curriculum 
is taught in an effective, time - 
proven, independent study 
environment. With World 
College's flexible study sched- 
ule, students have the opportu- 
nity to work or spend time with 
their family without having to 
worry about rigid scheduling 
residential colleges offer. 

A Quality Education 
with a Flexible 
Schedule. 
In a world heavily dependent 
on electronic equipment, 
people who understand elec- 
tronics will have no problem 
putting their knowledge to 
work... in high -paying careers. 
The staff and faculty of World 
College have invested over ten 
years developing, what we be- 
lieve to be, the finest indepen- 
dent- study, baccalaureate 
degree program available. 
World College's mission is 
to instill in each student the 
knowledge, education, and 
training that employers are 
seeking for the many technical 
positions available today. It's 
a program created to provide 
the best education and 
training possible with 
a flexible schedule z 
to match your busy 
lifestyle. < 

ter'? 
4 

yO4e 

World College is currently seeking 
approval to confer the Bachelor 
Degree from the Virginia Council of 
Higher Education. 

Firn A 

Bachelor of 

Electronic 

Engineering 

Technology 

Degree 

from 

WORLD 
C O L L E G E 
Bringing Technology Home! 

Lake Shores Plaza 
5193 Shore Drive, Suite 113 

Virginia Beach, VA 23455 -2500 

Send For Your Free 
Course Catalog. 

Take the first step towards a new start 
in life. Send for World College's Free 

Independent Course Catalog today and 
discover how easy and affordable It Is 
to get started on your Bachelor Degree. 

World College is affiliated with 

Complete the Entire 
Degree Program Under 
One Roof. Yours! 
Only World College offers an 
independent study, four year 
technical degree which can 
be completed through one 
school. All lab equipment *, 
parts, and software are 
included in your tuition and 
the program's 300 -plus 
laboratory experiments can be 
completed in your own home. 

You Pay Only For lime 
Actually Used. 
World College not only 
provides a means to earn 
a Bachelor Degree while 
fulfilling current obligations, 
but there are no restrictions 
on how fast you can complete 
the program. At World 
College, you pay tuition only 
for the actual upper -level 
semesters it takes to graduate. 
The quicker you complete the 
program, the less you pay in 
tuition. It's an effective way to 
keep you motivated in order 
to complete the course and 
move on to a better paying 
position as quickly as possible. 

Currently not available in Ohio. 
Student must have access to a personal 

computer system. 

r 
YES! Please send me 

World College's Free Course 
Catalog detailing the full 
curriculum. 

Name: 

Address: 

Apt: 

City: 

State: Zip: 

Phone: ( 

Age 

Return to: 
World College 
Lake Shores Plaza 
5193 Shore Drive, Suite 113 
Virginia Beach, VA 23455 -2500 
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THE MODERN 
CONVERTER AND 
FILTER CIRCUIT 
ENCYCLOPEDIA 
by Rudolf F. Graf 

This book contains a large as- 
sortment of ready -to -use circuits 
sure to meet the converter and 
filter needs of engineers, techni- 
cians, students, and hobbyists. 
Representing state -of- the -art 
technology, the circuits include 
analog -to- digital and digital -to- 
analog converters; current -to- 
voltage and frequency -to -volt- 
age converters; temperature -to- 
frequency converters; frequency 

the modern 

CONVERTER 
AND 

FILTER CIRCUIT 
ENCYCLOPEDIA 

RUDOLF F. GRAF 

converters; and band -pass, 
high -pass, low -pass, notch, 
noise, and state -variable filters. 
For easy reference, the circuits 
are arranged alphabetically by 
application. Each entry includes 
a schematic and a brief expla- 
nation of how the circuit works. 
Also included is the original 
source for each circuit, making 
it easy for readers to obtain 
additional information. 

The Modern Converter and 
Filter Circuit Encyclopedia costs 
$12.95 and is published by Tab 
Books Inc., Blue Ridge Summit, 
PA 17294 -0850; Tel: 

800 -233 -1128. 
CIRCLE 98 ON FREE 
INFORMATION CARD 

THE OFFICIAL 
AMERICA ONLINE FOR 
WINDOWS: 
Membership Kit & Tour 
Guide 
by Tom Lichty 

This book -and -diskette package 
represents an opportunity for 
Windows users to purchase a 
complete, Windows -based 
online package that includes 

software and support. The book 
introduces new members to the 
full range of America Online's 
services, which include elec- 
tronic mail, shopping, travel, 
stock quotes, conferencing, 
computer support, news, and 
hobbies. In addition, it intro- 
duces new and current 
members alike to America 
Online's new Windows ca- 
pabilities, including multitasking, 
support of tiling and cascade 
features, pull -down menus, tool 
bars, and more. The tour guide 
provides step -by -step instruc- 
tions to help users quickly get 
online and start exploring. It 

offers pointers on quickly ac- 
cessing online files and 
information, getting free online 
support for your PC and soft- 
ware, and "meeting" and 
sharing ideas with people who 
share your interests. The pur- 
chase price of the book includes 
the diskette and a bonus of ten 
free hours of online time on the 
American Online system. 

The Official America Online 
For Windows Membership Kit & 

Tour Guide costs $34.95 and is 
published by Ventana Press, P 
O. Box 2468, Chapel Hill, NC 
27515; Tel: 919 -942 -0220; Fax: 
919 -942 -1140. 

CIRCLE 89 ON FREE 
INFORMATION CARD 

ECG SEMICONDUCTORS 
INSTANT CROSS 
MASTER GUIDE 
FLOPPY DISK 
PROGRAM 
from Philips ECG 

The newly expanded version of 
Philips ECG Semiconductor IN- 
STANT CROSS software now 
cross references more than 
8100 additional industry part 
numbers. The entire data base 
from the recently published 
"Supplement 1 to the ECG212Q 
Semiconductors Master Re- 
placement Guide" has been 
merged with that in the original 
(version 1.0) release of the IN- 
STANT CROSS software for 
IBM PC's and compatibles. The 
expanded version contains 
more than 4000 ECG semicon- 
ductors that replace more than 
270,000 industry devices. 
Among the devices added are 
some 60 modules and IC's used 
in VCR's TV's, audio, PC's, and 

industrial- equipment applica- 
tions. Functions include voltage 
regulators, motor drivers, signal 
processors, decoders, small - 
signal subsystems, deflection 
circuits, and electronic at- 
tenuators. A number of 
transistors, rectifiers, and di- 
odes have also been added. 

The enlarged program also 
features a complete ECG Prod- 
uct Index file that can be 
selected from the main menu. 
Entering and ECG part number 
will display that number and the 
following numbers plus device 
description and case style. It is 

also possible to scroll through 
the Index file. 

The ECG INSTANT CROSS 
Semiconductor Master Guide 
software is available through au- 
thorized Philips ECG 
distributors; Philips ECG, 1025 
Westminster Drive, 
Williamsport, PA 17701; Tel: 

800 -526 -9354. 
CIRCLE 88 ON FREE 
INFORMATION CARD 

THE ELECTRICITY 
BOOK: 
The Junior Technician's 
Discovery Guide 
to How Electricity Works 
by Gene McWhorter 

This book aims to "spark" the 
young reader's imagination and 
interest in electricity -for a hob- 
by, a science -fair project, or 
even a future career in electrical 
engineering. With easy -to -read 
text and clearly illustrated ex- 

The Junior 
Technician's 
Discovery Guide 
to How 
Electricity Works 

amples, the book guides junior - 
high and older students through 
the principles of electricity. Top- 
ics covered include atoms, 
protons, electrons, and neu- 
trons and how their charges 
attract or repel one another; 

motor action and how it is pro- 
duced; voltage, current, and 
resistance; and magnetic fields. 
Each chapter includes applica- 
tions for various projects and 
experiments, and ends with a 

self -test for what the student 
has learned about electricity. 
Bold two -color graphics are 
used in the book and are de- 
signed to hold a the young 
reader's interest. 

The Electricity Book costs 
$14.95 and is published by 
Prompt Publications, Howard W. 

Sams & Company, 2645 Water- 
front Parkway, East Dr., 

Indianapolis, IN 46214; Tel: 

317 -298 -5710; Fax: 
317 -298 -5604. 

CIRCLE 87 ON FREE 
INFORMATION CARD 

OPERATING AN 
AMATEUR RADIO 
STATION 
from the American Radio 
Relay League 

This booklet shows new 
hams -those who have just 
passed their Novice (or higher 
class) Amateur Radio exam - 
how to jump right in and get 
started. The booklet answers 
common questions asked by 
beginners, including how to de- 
cide what equipment to buy, 
how to choose an antenna, 
what are the proper operating 
procedures, and what to say to 
your first contact. It explains the 
four cornerstones of successful 
operating -knowledge, skill, 
dedication, and courtesy -and 
then goes on to impart knowl- 
edge, help readers hone their 
skills, inspire dedication, and 
teach the principles of courtesy 
and helpfulness that are so im- 
portant to the amateur -radio 
hobby. The booklet also pro- 
vides advice and information 
about joining clubs, getting 
technical advice, and sending 
messages or checking into a 
packet -radio bulletin board. Fi- 
nally, it tells about the various 
awards and operating events. 

Operating an Amateur Radio 
Station costs $2.00 and is pub- 
lished by The American Radio 
Relay League, 225 Main Street, 
Newington, CT 06111; Tel: 

203 - 666 -1541; Fax: 
203 - 665 -7531. 

CIRCLE 86 ON FREE 
INFORMATION CARD 



Electronic Paperbacks at Special Prices 
BP325 -A CONCISE USER'S 

GUIDE TO WINDOWS 3.1 .... 
$7.95. Come to grips with Windows 

3.1 in the shortest and most effective 
way. Learn how to manipulate Win- 
dows screens and DOS by Windows 
graphics interface. Master its word 

processor, Paintbrush and data base 

along with Notepad, Macro Recorder, 
PIF Editor, and Calculator. 

> H BP248 -TEST 
EQUIPMENT CON- 
STRUCTION 
$5.95. Details con- 
struction of simple, in- 

expensive, but ex- 
tremely useful test 
equipment. AF Gen, 
Test Bench Ampl, Au- 
dio Millivoltmeter, Tran- 

sistor Tester and six 
more. 

BP311 -AN INTRODUCTION TO 

SCANNERS AND SCANNING .... 
$7.95. Radio scanners have opened 
a realm of exciting radio listening. 
Understand radio wave propagation, 
types of transmissions, antennas, 
band assignments -the straight 
dope on what to hear and where to 

hear it! Comes complete with index, 
glossary of important terminology. 

l BP267 -HOW TO 

lreereu. USE OSCILLO- 
SCOPES AND 

ae+e+r OTHER TEST EQUIP- 
""" MENT $6.95. Mas- 

BP290 -A CONCISE INTRODUCTION TO THE 
MACINTOSH SYSTEM AND FINDER....$6.25. If you 

have one of the popular Macintosh range of computers, 
this book is designed to help you get the most from it. 

Although the Mac's WIMP user interface is designed to 
be easy to use, much of it only becomes clear when it is 

explained in simple terms. All Macintosh computers are 
covered including the new "Classic" range. 

BP245- DIGITAL 
AUDIO PROJECTS 

$5.95. Practical cir- 
cuits to build and ex- 
periment with. In- 
cludes A/D converter, 
input amplifier, digital 
delay line, compander, 
echo effect and mom. 

l BP303- UNDERSTANDING 
PC SOFTWARE $6.95. This 
book will help you understand the 
basics of various types of business 
software in common use. Types of 
software covered include word pro- 
cessors, spelling checkers, graph- 
ics programs, desktop publishing, 
databases, spreadsheets and util- 
ities. 

tering the oscilloscope 
is not really too difficult. 
This book explains all 

lthe standard controls 
and functions. Other 
equipment is also de- 
scribed. 

BP299- PRACTICAL 
ELECTRONIC FILTERS 

$6.95. Presents a doz- 
en filter -based practical 
projects with applications in 

and around the home or in 

the constructor's workshop. 
Complete construction de- 
tails are included. 

1 BP247 -MORE 
ADVANCED MIDI 
PROJECTS $5.95. 
Circuits included are a 
MIDI indicator, THRU 
box, merge unit, code 
generator, pedal, pro- 
grammer, channelizer, 
and analyzer. 

BP287 -A REFERENCE GUIDE 

TO PRACTICAL ELECTRONICS 
TERMS .... $8.95. More than just a 

dictionary of practical electronics 
terms, the book goes a step further in 

getting down to fundamentals. A ref- 

erence volume that can be read casu- 

ally by a reader seeking knowledge. 

BP265 -MORE 
ADVANCED USES 
OF THE MULTI - 
METER .... $5.95. 
Use these techniques 
to test and analyze the 
performance of a vari- 
ety of components. 
Also see how to build 
add -ons to extend 
multi -meter ca- 
pabilities. 

BP257 -INTRO TO 
AMATEUR RADIO 

. $6.95. Amateur 
Radio is a unique and 
fascinating hobby. This 
book gives the new- 
comer a comprehen- 
sive and easy to under- 
stand guide to the 
subject. 

BP251- COMPUTER 
HOBBYISTS HANDBOOK 
....$8.95. A wrapup of ev- 
erything the computer hob- 
byist needs to know in one 
easy to use volume. Pro- 
vides a range of useful ref- 
erence material in a single 
source. 

A 1Mlww.s Pule to 
Practical Electronic. 

Term. 

BP256-INTRO TO 
LOUDSPEAKERS 
AND ENCLOSURE 
DESIGN $5.95. We 
explore the variety of 
enclosure and speaker 
designs in use today so 
the reader can under- 
stand the principles in- 
volved. 

n 8P249 -MORE AD- 
VANCED TEST EQUIP- 
MENT CONSTRUCTION 
.... $6.95. Eleven more 
test equipment con- 
struction projects. They in- 
clude a digital voltmeter, 
capacitance meter, current 
tracer, etc. 

Preamplifier 
and 

FIM Circuits 

BP309- PREAMPLI- 
FIER AND FILTER CIR- 
CUITS $6.95. Provides 
circuits and background 
info for a range of pre- 
amplifiers, plus tone con- 
trols, filters, mixers and 
more. All are high- perfor- 
mance circuits that can be 
built at a reasonable cost. 

PCP115- ELECTRONIC PROJECTS 
FOR HOME SECURITY .... $10.00. 25 
projects ranging from a single -door pro- 
tection circuit that can be completed in an 
hour or two, to a sophisticated multi -chan- 
nel security system. Each project is de- 

scribed in detail with circuit diagrams, 
explanations of how it works, instructions 
for building and testing, and how to adapt 
circuits to meet special requirements. 

7 

BP190- ADVANCED ELECTRONIC SECURITY PROJECTS $5.95. Includes a 

passive infra -red detector, a fiber -optic loop alarm, computer -based alarms and an 

unusual form of ultrasonic intruder detector. 

BP235 -POWER SELECTOR GUIDE .... $10.00 Complete guide to semicon- 

ductor power devices. More than 1000 power handling devices are included. They 

are tabulated in alpha -numeric sequence, by technical specs Includes power 

diodes, Thyristors. Triacs, Power Transistors and FET's. 

BP234- TRANSISTOR SELECTOR GUIDE $10.00. Companion volume to 

BP235. Book covers more than 1400 JEDEC, JIS, and brand -specific devices. Also 

contains listing by case type, end electronic parameters. Includes Darlington 

transistors, high -voltage devices, high -current devices. high power devices. 

BP117- PRACTICAL ELECTRONIC BUILDING BLOCKS -Book 1 $5.75. 

Osciltators, Timers, Noise Generators, Rectifiers, Comparators, Triggers and more. 

BP195_- INTRODUCTION TO SATELLITE TV $9.95. A definitive introduction to 

the subject written for the professional engineer, electronics enthusiast, Or others 

who want to know more before they buy. 8 x 10 in. 

i i BP179- ELECTRONIC CIRCUITS 
FOR THE COMPUTER CONTROL OF 
ROBOTS $7.50. Data and circuits for 
interfacing the computer to the robot's 
motors and sensors. 

i 

BP239- GETTING THE MOST FROM YOUR MULTIMETER $5.95. Covers 
basics of analog and digital meters. Methods of component testing includes 

transistors, thyristors. resistors, capacitors and other active anq passive devices. 

BP97-IC PROJECTS FOR BEGINNERS $5.50. Power supplies, radio and 

audio circuits, oscillators, timers, switches. and more. If you can use a soldering iron 

you can build these devices. 

RADIO -100 RADIO HOOKUPS $3.00. Reprint of 1924 booklet presents radio 

circuits of the era including regenerative, neutrodyne, reflex 8 more. 

BP42- SIMPLE LED CIRCUITS $5.50. A large selection of simple applications 
for this simple electronic component. 

BP122 -AUDIO AMPLIFIER CONSTRUCTION .... $5.75. Construction details 

for preamps and power amplifiers up through a 100 -watt DC- coupled FET amplifier. 

BP92 -CRYSTAL SET CONSTRUCTION $5.50. Everything you need to know 

about building crystal radio receivers. 

ELECTRONIC TECHNOLOGY TODAY INC. 

P0. Box 240, Massapequa Park, NY 11762 -0240 

Name 

Address 

City State Zia 

PE194 

CHECK OFF 

THE BOOKS YOU WANT 

SHIPPING CHARGES IN 

USA AND CANADA 

i 

BP255- INTERNATIONAL RADIO 
STATIONS GUIDE .... $7.95. Provides 
the casual listened, amateur radio DXer 
and the professional radio monitor with an 

essential reference work designed to 
guide him or her around the more than 
ever complex radio bands. 

$0.01 to $5.00 $1.50 
$5.01 to $10.00 S2.50 
S10.01 to 20.00 $3.50 
$20.01 to 30.00 $4.50 
$30.01 to 40.00 . . . $5.50 
$40.01 to 50.00 $6.50 
$50.01 and above $8.00 

SORRY No orders accepted Number of books ordered 

outside of USA & Canada 

Total price of merchandise $ 

Shipping (see chart at left) $ 

Subtotal S 

Sales Tax (NY State only) $ 

Total Enclosed S 

All payments must be in U.S. hinds tt 
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Digital 
Special - 
Effects 

Generator 

NEW PRODUCTS 

Although it is targeted primarily 
at the semi -professional "pro - 
sumer" market, small produc- 
tion facilities and home -video 
enthusiasts can use Sony's XV- 
D1000 digital special- effects 
generator to obtain profession- 
al -like results. The easy -to -use 
component lets you combine 
multiple video and audio 
sources, create dramatic scene 
transitions, add spectacular vid- 
eo effects, and quickly program 
effects sequences. Designed to 

work with professional editing 
decks, the effects generator 
features VISCS and GPI inter- 
faces for use with computerized 
editing systems, three A/V in- 
puts and two A/V outputs for 
multiple- source editing and 
post -production effects ses- 
sions, and an S -Video input/ 
output. 

The XV -D1000 features a dig- 
ital frame synchronizer for 
precise combination of two dis- 
tinct video sources, a double - 
frame memory for high- resolu- 
tion images, and 77 different 
wipe patterns. It allows you to 
size and insert one image into 
another, fade to white or black, 
zoom in on a particular area, 
divide the screen into nine pic- 
ture areas, stop the action at 
successive points and display 
each point in a nine -image ma- 
trix, and freeze the full- screen 
image without ghosting or track- 
ing lines. A ten -program 

memory lets you store effects 
that later can be automatically 
inserted while editing or watch- 
ing tapes. Picture quality is 
retained thanks to the unit's 
double -frame memory, digital Y/ 
C separation, and video noise 
reduction. 

The XV -D1000 digital special - 
effects generator has a sug- 
gested retail price of $2600. For 
more information, contact Sony 
Electronics Inc., One Sony 
Drive, Park Ridge, NJ 07656. 
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NINE -RANGE BATTERY 
TESTER 

A compact battery tester from 
L -com, the DX2OBT, accepts 
any standard carbon -zinc, al- 
kaline, mercury, silver- oxide, 
lithium, or nickel- cadmium bat- 
tery. When the selector switch is 
set to the desired battery type, 
the meter will provide a true test 
of its condition with an actual 
load imposed. Test results are 
shown on three colored meter 
scales for regular, lithium, and 
nickel- cadmium cells. 

The DX2OBT features perma- 
nent, built -in test leads to 
prevent signal loss. A special 

The DX2OBT nine -range bat- 
tery tester costs $18.50 in 
single units; quantity discounts 
are available. For further infor- 
mation, contact L -com, Inc., 
1755 Osgood Street, North An- 
dover, MA 01845; Tel: 
800 -343 -1455 or 508 -682 -6936; 
Fax: 508-689-9484. 
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DSP -PROTOTYPING 
DAUGHTER BOARD 

Answering the need for a wire - 
wrapping board that can be 
used in the development of 
DSP hardware, Wintriss Engi- 
neering offers a prototyping 
daughter board that mounts to 
their 8- and 16 -bit PC -based 
Turbo 320 DSP development 
boards, which are based on the 
industry- standard TI 
TMS320C30 floating -point dig- 
ital processor. The four -layer, 
3.75 x 13 -inch, 0.090 -inch -thick 
daughter board has VCC and 
ground planes, as well as 1500 
plated through holes and two 
additional power busses. The 

adjustable clamp holds all types 
of button cells, making the test 
fast and simple. Dual contact 
buttons on the top panel accept 
9 -volt batteries, eliminating the 
need for test leads in 9 -volt 
tests. The tester also features a 
"neg" contact button to test any 
size single cell, so that only the 
red test lead is required for 
those tests. The case is 

elevated for easy reading. 

board mounts via two 96 -pin 
DIN connectors and has a wire - 
wrap area incorporating fully la- 
beled TMS320C30 signals. The 
Turbo boards plug into an IBM - 
compatible PC /AT 8- or 16 -bit 
bus. 

The prototyping daughter 
board costs $142; Turbo 320 
prices start at $995. For addi- 
tional information, contact 
Wintriss Engineering Corpora- 
tion, 6342 Ferris Square, San 
Diego, CA 92121 -3244; Tel: 
800 -733 -8089. 
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FOUR -HEAD HI -FI VCR 

Aiwa is positioning its HV- 
FX1000 VHS hi -fi videocassette 
recorder as an NV- system 
source unit. The VCR features 
MTS stereo and VHS hi -fi cir- 
cuitry for realistic sound 
reproduction. HQ circuitry deliv- 
ers high -quality video, and an 

automatic head -cleaning sys- 
tem maintains that quality 
despite heavy use. 

Convenience features include 
a bi- lingual (English /Spanish) 

on- screen display, front -panel 
inputs for easy connection of a 

camcorder, a VHS Index Search 
System (VISS) tat makes it 

easy to mark and then locate 

specific portions of a recording, 
frame advance, picture search, 
and a full- function remote con- 
trol. Other features include 
digital auto -tracking, 181 -chan- 
nel synthesized tuner, and an 

eight -program /one -year timer. 

The HV- FX1000 VCR has a 

suggested retail price of $450. 
For additional information, con- 
tact Aiwa America Inc., 200 
Corporate Drive, Mahwah, NJ 

07430; Tel: 201 -512 -3600. 
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PC -BASED CALLER ID 

Most products designed to pro- 
vide security against intrusion 
into telecommunications equip- 
ment automatically answer 
incoming calls and wait for the 
caller to enter an access code 
or password. Such systems are 

easily thwarted by hackers and 
inconvenient for authorized 
users. According to Pewee Val- 

ley Innovations, however, their 
PC Receptionist, a PC -based 
Caller ID accessory, eliminates 
any chance for a hacker to gain 
access to the system, while 
allowing the user to completely 
block calls from unauthorized, 
"privatized," or unknown num- 
bers, or to pass only calls from 

particular numbers. The device 
is transparent to outgoing calls. 

The PC Receptionist uses 
Calter ID to determine whether 
to pass or block the ring signal. 
When a call comes in, fore- 
ground computer activity is 

temporarily suspended and a 

display pops up on the screen, 
showing the phone number of 
the caller and, if previously en- 
tered into the system, the 
caller's name. The user can 
enter a one -line memo regard- 
ing the call. Previous consumer 
activity is restored with a single 
keystroke, or after a user -spec- 
ified time period. At the end of 
the call, the device saves the 
call record and memo along 
with a date and time stamp and 
the length of the call. The call 
record can be called up at any 
time, and can be imported into 
many popular databases. With 
the included software for man- 
aging a digital pager, you 
needn't give out your pager 
number. Incoming calls can be 
routed to an answering ma- 
chine, with only calls from pre - 
specified numbers forwarded to 
your pager. 

The package includes an 
easily configured, 8 -bit adapter 
card for IBM PC- compatible 
computers, a DOS -based soft- 
ware package on 3.5 and 5.25 - 
inch diskettes, a modular exten- 
sion cord, and a user's manual. 
The user must subscribe to 
Caller ID from the local tele- 
phone company. 

The PC Receptionist package 
costs $149.95; for Windows 
software, add $30. For more 
information, contact Pewee Val- 
ley Innovations, Inc., 6601 Old 
Zaring Road, Crestwood, KY 
40014; Tel: 502 -241 -4295. 

CIRCLE 107 ON FREE 
INFORMATION CARD 

DIGITAL AC -LINE 
MONITOR 

Well suited for such applications 
as high -end consumer elec- 
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tronics, laboratory 
instrumentation, and other prod- 
ucts requiring accurate AC -line 
monitoring, Datel's 
DMS- 20PC -1 -LM is a self -con- 
tained, 3 -digit LED display that 
measures AC -line voltages from 
85-265 VAC (47 -63 Hz). No 
external components or auxili- 
ary power are needed. When 
the device is plugged into any 
wall outlet or PC board, it in- 
stantly measures line voltages. 
Using half -wave sinusoidal aver- 
aging techniques, typical 
accuracies of ±1 VAC are 
achieved over the full input span 
of the meter. The AC -line 
monitor is packaged in a 

0.88 x 1.38 x 1.00 -inch red filter 
case with an integrated bezel. 
The 0.37 -inch high LED is easy 
to read under virtually any light- 
ing conditions. 

The DMS- 20PC -1 -LM digital 
AC -line monitor costs $45. For 
additional information, contact 
Datei, Inc., 11 Cabot Boulevard, 
Mansfield, MA 02048; Tel: 
508- 339 -3000; Fax: 
508 -339 -6356. 
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RANGEMASTER 
MULTIMETER 

Extech 380280 Rangemaster 
multimeter has nine functions 
for monitoring and testing, and 
a large 31/2-digit LCD readout for 
easy viewing. The rotary range - 
selector switch lets you monitor 
DC and AC amps in four 
(ranges from 2 mA to 20 A), DC 
volts in five ranges (from 200 
mV to 1000 V), AC volts in five 
ranges (from 200 mV to 750 V), 
resistance in six ranges (from 
200 ohms to 20 megohms), 
capacitance in five ranges (from 
2 nF to 20 µF), and frequency 

in four ranges (200 Hz to 200 
kHz). Other functions include a 

transistor test, diode check, and 
continuity tester with buzzer. 
Ideal for field work, the rugged 
Rangemaster features full over- 
load protection and low- battery 
and over -range indicators. It 

comes complete with built -in tilt 
stand, a rubber holster, test 
leads, and a 9 -volt battery. 

The 380280 Rangemaster 
multimeter costs $79. For addi- 
tional information, contact 
Extech Instruments Corpora- 
tion, 335 Bear Hill Road, 
Waltham, MA 02154; Tel: 
617 -890 -7440; Fax: 
617 -890 -7864. 
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DMM INTERFACE 

The MeterMux DMM interface 
module from Innovative Solu- 
tions allows up to four input lead 
pairs to be multiplexed to a 

single multimeter. Any input pair 
can be quickly and easily se- 
lected for measurement, using 
the device's rotary switch (1- 

amp switching, 15 -amp continu 
ous current). The MeterMux 

eliminates time- consuming 
point -to -point probing and tan- 
gled probe leads, simplifying 
many troubleshooting, develop- 
ment, and monitoring tasks. 
When troubleshooting, it can be 
used to quickly isolate problem 

areas by quickly checking vari- 
ous points in a failing circuit or 
system. In status monitoring, 
the MeterMux can be used to 
check multiple status signals on 
existing circuits or systems, and 
during the design /debug pro- 
cess, the device can verify 
signals at multiple points in a 
circuit or system. 

The MeterMux DMM interface 
is available in benchtop and 
DIN -rail mounted versions, for 
$48 and $56, respectively. For 
further information, contact In- 
novative Solutions, 416 Stewart 
Hollow Road, Portsmouth, OH 
45662; Tel: 614 -574 -4304. 
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VISUAL MATH 

A line of graphing calculators 
from Sharp promise to make it 
easier for students to learn 
mathematics, by allowing solu- 
tions to be presented in a 

variety of formats. The 
EL -9200c and EL -9300c both 
feature high- contrast super twist 
LCD screens and user -friendly 
functions. An equation editor 

seven types of statistical charts 
can be generated. The 
EL -9200c has 8KB of RAM 
memory and the EL -9300c has 
32KB of RAM. The EL -9300c 
also features an equation solver, 
a backup battery, and a port for 
communicating with another 
calculator, a printer (Model 
CE -50), or an overhead proj- 
ector (Model EL-92T). The 
projector can be programmed 
from the EL -9300c or used inde- 
pendently. 

The EL -9200c and EL -9300c 
graphing scientific calculators 
have suggested retail prices of 
$119.99 and $149.99, respec- 
tively. The EL -92T overhead 
projector costs $399.99. 
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PC WEATHER STATION 

WeatherPorts WS -12 WindSta- 
tion is a data -acquisition system 
for measuring and logging wind 
speed, wind direction, and tem- 
perature on a personal 
computer. The device interfaces 
via the parallel port of an MS- 
DOS -based computer. Mea- 
surement data can be displayed 
on screen, stored as disk files, 

allows equations to be entered, 
edited, and viewed exactly as 
they appear in textbooks in- 
stead of on a single line. A 
menu system provides quick ac- 
cess to various math functions 
and other operations, and four 
direct- access keys with icons 
allow instant access to specific 
functions. 

For graphing applications, up 
to four equations can be graph- 
ed and analyzed at once in 

rectangular, polar, and param- 
etric coordinates. Statistics are 
presented in a "card" format, 
with each card representing one 
data set or observation. Up to 

and accessed by other real -time 
DOS programs. An alarm func- 
tion sounds the audible 
annunciator in the computer 
whenever the peak wind speed 
exceeds the value set by the 
user. An optional relay can also 
activate an external device 
whenever the wind speed alarm 
limit is exceeded. 

The WS -12 WindStation has 
a suggested retail price of $295. 
For additional information, con- 
tact WeatherPort, P. O. Box 
240, Grass Valley, CA 
95945 -0240; Tel: 916 -477 -5226; 
Fax: 916-477-8339. 
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B+K PRECISION 
MODEL 1686 
DC POWER 
SUPPLY 

,hEIKPRECtSVa' MODEL 1688 DC POWER SUPPLY 
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The perfect DC power supply for any workbench. 

Sooner or later you'll realize that 
the DC power supply you 
bought, which you assumed 

would suit all your future needs, runs 
out of steam when you ask it to deliver 
more than a few amps. Sadly, a few 
amps is all most bench -top power 
supplies can output, and not even for 
extended periods of time. But that 
doesn't mean that typical power sup- 
plies are cheap; they're often in the 
$50 to $100 range. 

When the job finally comes along 
that puts impossible demands on the 
old power supply, one inevitably 
learns that at least $200 has to be 
spent on a power supply that can do 
the job. So your original investment 
ends up having gone to waste on a 
now -obsolete power supply. That's a 
pitfall we should all avoid, if possible. If 
you're in the market for a DC power 
supply, and expect to be involved in 

electronics for a long time, then one 
way to avoid that pitfall is to buy the 
Model 1686 DC Power Supply from 
B +K Precision (Division of Maxtec In- 

ternational Corp., 6470 W. Cortland 
St., Chicago, IL 60635; Tel. 
312 -889 -1448). 

Except for very unusual applica- 
tions, the 1686 is the only DC power 
supply you'll ever need. That's be- 
cause the 1686 can output from 3 to 
14 volts DC, and 12 amps continuous 

at 13.8 volts DC! Although the 1686 has 

plenty of features worth mentioning, 
the above pretty much says it all. And 
the price? A very reasonable $199 for 
a power supply of this caliber. 

Why Do You Need One? Anyone 
who has ever serviced car stereos or 
other mobile equipment knows that 
any good system will draw anywhere 
from 3 amps and up, at 13.8 -volts DC 

(because a car's electrical system isn't 

exactly 12 volts). Quite often, one must 
resort to using a car battery to service 
such systems, and car batteries are 
unpleasant to have around, what with 
their acid and all. 

Some exotic mobile sound systems 
will draw even more than 12 amps. 
Fortunately for people who have to 
work on such systems, Iwo or more 
1686's can be connected in parallel 
to double the current. In addition, Iwo 
or more 1686's can be connected in 

series to double the voltage. 
Other applications for the 1686 in- 

clude servicing camcorders and 
powering ham radios. Some ham rigs 

are incredible power hogs! Cellular 
phones also need lots of current, and 
PA systems and ship -to -shore radios 
are other cancidates. If you've ever 
experimented with Peltier devices, 
you're probably wishing that you had 
a 1686 supply at the time. 

Features. One of the first things you 
notice on this power supply is the 
presence of a cooling fan on the 
back, which automatically cycles on 
and off. That enables the power sup- 
ply to operate at its maximum rated 
output, hour after hour, without over- 
heating. When you see a cooling fan 
on the back of a power supply, you 
know it's a serious piece of equip- 
ment. 

The supply is protected from acci- 
dental short circuits and overloads by 
a foldback current -limiting circuit. The 

output is isolated from both the chas- 
sis and earth ground, so ifs extremely 
versatile. For example, either the 
positive or negative output can be 
strapped to ground for use with 
positive -ground or negative -ground 
equipment, respectively. The unit is 

also reverse -polarity protected from 
external DC sources. 

The 1686 combines strength with 
finesse by outputting a very clean DC 
voltage. Both load and line regulation 
are within 0.8 percent. Ripple and 
noise are reduced in the output to less 

than 10 millivolts rms. The voltage and 
current output of the supply can be 
seen at a glance on the 1686's two 
front -panel meters. 

As far as power requirements go, 
the 1686 can plug into a 120- or 220 - 

(Continued on page 94) 17 
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AudioSource 
Model SS 

Three/II 
Surround 

Sound 
Processor 

PRODUCT 
TEST REPORTS 

The buzzword in home 
audio these days re- 

mains "Home Theater" 
More and more audio and 
video enthusiasts are com- 
bining their TV sets with 
surround -sound capable 
audio gear to recreate the 
experience encountered 
when watching a motion 
picture in a properly 
equipped, Dolby stereo 
theater. While many of 
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The AudioSource SS Three /ll surround -sound processor. 

these installations are done 
from scratch using all new 
components, what do you 
do if you already own high - 
quality audio gear with 
which you are otherwise 
quite happy? 

Fortunately, there's no 
need to discard your cur- 
rent set up just to add 
surround sound, For in- 
stance, your existing 
speakers can easily be in- 
corporated into a surround 
system, and a good re- 
ceiver can be augmented 
with an external unit such as 
the AudioSource (1327 N. 

Carolan Ave., Burlingame, 
CA 94010) SS Three /II sur- 
round -sound processor. 

First and foremost, the Au- 
dioSource SS Three /II will 

decode encoded Dolby 
Surround information into 
usable signals. The unit uses 
Dolby Pro Logic, which 
means that, when properly 
combined with your existing 
stereo system and the req- 
uisite number of additional 
loudspeakers, you will be 
fully enveloped in sound, 
with excellent separation 
between front, center, and 
surround channels. The SS 

Three /II contains three am- 
plifier channels of relatively 
modest power output: one 
for connecting a center - 
channel speaker (to be 
mounted directly below or 
above your TV monitor /re- 
ceiver), and a pair of amp 
channels for driving the 
"surround" speakers that 
are normally mounted be- 
hind the listener or at the 
sides of the listening room. 

In addition to these am- 
plified channel outputs, 
there is a subwoofer line - 
level output to which you 
can connect an active, 
powered subwoofer or a 
separate mono amplifier 
for driving a passive sub - 
woofer. This output delivers 
frequencies below either 
150 Hz or 80 Hz; the 
crossover frequency is se- 
lectable by the user. For 
that matter, if you find that 
the power delivered by the 
built -in center -channel and 
surround -channel amplifiers 
is inadequate for driving 
your extra speakers to life- 
like levels, you can connect 
external amplifiers to cen- 
ter- channel and surround - 
channel line -level output 
jacks. 

For those program 

sources that are not Dolby 
Surround encoded, such as 
ordinary stereo music pro- 
gramming, the SS Three /II 
has a "Hall" setting that 
recreates the ambiance of 
a typical concert hall. 
There's even a "Matrix" set- 
ting that can be used with 
monophonic program 
sources to synthesize a ster- 
eo -like image that will play 
through all of your speakers. 
Also, if a center channel 
speaker is not available, the 
SS Three /II will create a 
"phantom" center image 
by sending center -channel 
sounds equally to the front - 
left and front -right speakers. 

CONTROLS 
The front panel layout of 

the AudioSource SS Three /II 
is elegantly simple and al- 
most requires no instruction 
manual to figure out. The 
red on /off button is at the 
extreme left. Nearby are 
eight "mode" selection but- 
tons. Included are Dolby 3 

(in which only front and 
center channel speakers 
are used), Dolby Surround, 
Hall, and Matrix (for simu- 
lated stereo) buttons; a 
Normal /Phantom (center - 
channel) button; a button 
to select a 20- to 30- milli- 
second time delay to the 
surround channels (the 
choice depending upon 
room size and listener's po- 
sition); a 'hest" button that 
sends a "pink- noise" signal 
to each speaker in turn, 
enabling accurate level 
setting of all speaker out- 
puts; and a monitor button 
that activates a tape 
monitor in /out loop on the 



rear panel of the unit - 
that's needed since the SS 

Three /II is inserted in the 
tape- monitor loop of the 
receiver it is used with. 

Four vertically oriented 
groups of LED's on the front 
panel provide input -level 
displays for the surround, 
left- front, center, and right - 
front channels. In addition, 
the LED's will also dispiay 
the relative volume settings 
assigned to the rear, center, 
and master channels when 
the corresponding volume 
controls (located at the 
right end of the front panel) 
are touched. The front pan- 
el also houses an input 
level control that should be 
set so that the upper red - 
colored LED in each level - 
indicator bank is not contin- 
uously triggered. 

A wireless remote control 
is, of course, included with 
the unit. It duplicates most 
of the control functions and, 
more important, allows you 
to properly balance the sur- 

round system from your 
listening location. 

Rear -panel controls in- 
clude a center -speaker on/ 
off switch, subwoofer level 
and crossover -frequency 
selector controls, a pair of 
line -level input jacks, a pair 
of front -channel line -level 
output jacks, center- and 
surround -channel output 

jacks, the tape- monitor 
loop's input and output 
jacks, a subwoofer output 
jack, and spring loaded ter- 
minals for the center- and 
surround -channel speakers 
(if you choose to use the 
unit's built -in amplifier chan- 
nels). 

LAB MEASUREMENTS 
There are relatively few 

performance measure- 
ments that can be made 
on a surround -sound pro- 
cessor. That's because the 
decoding process Involves 
phase reversals and time 
delays (for the surround 
channels) that tend to 
"confuse" even the most 
sophisticated test instru- 
ments. Still, some basic 
measurements supple- 
mented by extensive 
listening tests and hands -on 
evaluations can serve to 
evaluate the relative merits 
(and, in some cases, de- 
merits) of such 
components. 

Figure 1 shows the fre- 
quency response at the 
front- channel left and right 
output jacks. Tested in the 
normal Dolby Surround 
mode, the nearly perfectly 
flat response from 20 Hz to 
20 kHz indicates that signals 
fed to the unit will not be 
degraded, as far as re- 
sponse is concerned. 
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Fig. 1. The frequency response at the front -channel left and right 
output jacks (tested in the normal Dolby Surround mode) was 

nearly perfectly flat from 20 Hz to 20 kHz. 
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No commuting to class. Study at 
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your present job. Learn from easy -to- 
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Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

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

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

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering 

Grantham College Road 
Slidell, LA 70460 

19 



20 

CENTER 

10.000 

8.0000 

6.0000 

4.0000 

2.0000 

0.0 

2.000 

4.000 

6.000 

8.000 

-10.00 

20 

CHANNEL RESPONSE, AU0I0SOURCE SS THREE /II SURROUND SOUND PROCESSOR 

Ap 

- r 
100 1k 10k 20k 

Fig. 2. The low frequency roll -off of the center channel is 
deliberate, and is prescribed by the Dolby Surround system. The 
center channel deals essentially with spoken dialogue, so ultra - 
low frequency response is not required. 
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Fig. 3. The response curve for the surround channels (shown 
here) was obtained by feeding out -of -phase left and right signals 
to the line inputs of the SS Three /11. 

We connected an 8 -ohm 
speaker load to the center - 
channel speaker terminals 
and, at a nominal output of 
around 1 watt, plotted the 
response available at that 
output; the results are 
shown in Fig. 2. The low - 
frequency roll -off of this 
channel is deliberate, and 
is prescribed by the Dolby 
Surround system. The center 
channel deals essentially 
with spoken dialogue, so 
ultra -low frequency re- 
sponse is not required. 

By the same token, sur- 
round- channel response, 
which is plotted in Fig. 3, Is 

limited to the range from 

around 100 Hz to 7 kHz. 

Among other things, that 
makes it practical to use 
less expensive, smaller 
speakers for the surround or 
rear channels than are 
used for the main, front 
speakers. The response 
shown in Fig. 3 was ob- 
tained by feeding out -of- 
phase left and right signals 
to the line inputs of the SS 

Three /II. Had we used in- 
phase signals, there would 
be no surround -channel 
output at the surround out- 
put Jacks since, by defini- 
tion, sounds intended for 
surround channels are es- 
sentially "difference" signals. 

SUB -WOOFER OUTPUT RESPONSE, AU0I0SOURCE SS THREE /II SURROUND SOUND PROCESSOR 
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Fig. 4. This plot shows the response available at the subwoofer 
line -level output jack. Note that two crossover frequencies (80 
and 150 Hz) are available, and the response for each is shown. 
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Fig. 5. The actual continuous power rating of each of the 
amplifier channels was about 12 or 13 watts; above those levels, 
overload and high distortion levels occur. Below that output level, 
total harmonic distortion was a comfortably low 0.08%, or even 
a bit lower. 

If left and right input signals 
were identical, there would 
be no difference signals 
available. 

Most providers of sur- 
round -sound equipment 
heartily recommend the 
use of a separate sub- 
woofer in order to 
reproduce the thunderous 
sounds offen associated 
with blockbuster films. Fig- 
ure 4 shows the response 
available at the subwoofer 
line -level output jack. Note 
that two crossover frequen- 
cies (80 and 150 Hz) are 
available, and the response 
for each has been shown. 

Our only disappointment 

with the unit came when 
we measured the power 
output capabilities of the 
center channel amplifier 
(the power output of the 
rear -channel amplifiers was 
similar). AudioSource's pub- 
lished specifications claim 
amplifier power outputs of 
"30 watts peak center + 30 
watts peak rear, or 30 watts 
peak rear + 30 watts peak 
rear." There are several 
things wrong with that pub- 
lished specification. For one 
thing, no distortion rating is 

provided. Aso, power rat- 
ings, according to a Fed- 
eral Trade Commission rule 
established way back in the 



1970's, are supposed to re- 
fer to continuous power - 
output capabilities and not 
to "peak" power levels. 

Be that as it may, we 
measured the total har- 
monic distortion of a 1 -kHz 

test signal versus increasing 
power output level for the 
rear -speaker amplifier, 
using an 8 -ohm load. The 
results are shown in Fig. 5. 

As you can see, the actual 
continuous power rating of 
each of these amplifier 
channels should be more 
like 12 or 13 watts -the 
point at which overload 
and high distortion levels 
occur. Below that output 
level, total harmonic distor- 
tion was a comfortably low 
0.08 %, or even a bit lower. 
While 10 watts of power is 

probably enough to drive 
many of the high- efficiency 
speaker systems used for 
the center channel of an 
audio /video surround - 
sound system (remember, 
only dialogue is intended to 
be handled by that chan- 
nel), surround -sound 
channels often require 
more than that and you 
may want to use separate, 
external amplifiers for those 
channels rather than the 
built -in surround -channel 
amplifiers found in the SS 

Three/II. 

HANDS -ON TESTS 
Hooking -up the SS Three /II 

was virtually fool -proof 
thanks to the excellent di- 
agrams provided in the 
brief, but adequate owners 
manual supplied with the 
unit. Three sample setups 
are shown: an in -line system 
(in which the TV set's stereo 
speakers serve as the left 
and right front speakers); 
the tape- monitor loop set- 
up (in which the TV set, the 
SS Three /II, and an existing 
stereo system are com- 
bined); and an "expanded" 
home -theater system in 

which additional amplifiers 
are used for the surround, 

center, and subwoofer 
speakers. We chose the 
second of these hookups in 

order to fully evaluate ev- 
erything that's provided in 

the SS Three /II. To yield the 
best possible performance 
during our auditions, we 
used relatively high- efficien- 
cy speakers, taking into 
account the limited power 
output capabilities of the 
unit's built -in amplifiers. 

Dolby Pro Logic decod- 
ing was excellent -as good 
as we've heard from far 
more expensive processors. 
While we did not use a 
subwoofer in our tests, we 
sensed that the addition of 
one would have made the 
surround effects even more 
enjoyable and effective, es- 

pecially when we watched 
and listened to excerpts 
from action -oriented mo- 
tion pictures (on tape) such 
as "Top Gun" and "Raiders 
of The Lost Ark." All in all, we 
were quite surprised at the 
high level of performance 
provided by the Audio - 
Source SS Three /II. At its 

suggested retail price of 
$399.95, this unit can pro- 
vide a most economical 
entry into the exciting world 
of "Home Theater," es- 
pecially for those who 
already own much of the 
other required equipment. 

For more information on 
the AudioSource SS Three /II 
surround -sound processor 
contact the manufacturer, 
or circle no. 120 on the 
Free Information Card, 
which can be found on 
page 127. 

"I've got a great low -cost project 
that you can try." 
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By John J. Yacono 

On Displays 

INPUT 
TO LAST 
STAGE 

INPUT 
TO LAST 
STAGE 

R1 

THINK TANK 
No, the title of this col- 
umn is not a misprint 

(just a bad pun) as this 
month we'll look at various 
display circuits sent in by 
readers. As promised, it'll be 
business as usual now that 
I've closed the door on the 
pinewood -derby circuits, so 
I'll start things off with some 

R1 

OUTPUT 
1 

A 

01 

Q2 

R3 

OPTIONAL 
PULL -UP 

RESISTOR 

01 

R1 

B 

+5V 

TOTEM -POLE 
OUTPUT 

+V 

OPEN -COLLECTOR 
OUTPUT 

R3 
EXTERNAL 

PULL -UP 
NOR 'ED 

OUTPUT 
Q1 

R2 
02 

OUTPUT 
2 

C 
Fig. 1. These are crude representations of logic -IC outputs. In A 
a totem -pole output is depicted. In B we show an open- collector 
output. In C we show how two open- collector outputs can be NOR 

ed together. 

information on logic IC's 

before we get to the letters. 

BIPOLAR OUTPUTS 
Last time we discussed 

logic IC's (back in Sep- 
tember, 1993), I presented a 
little chip architecture, par- 
ticularly with regard to 
inputs and outputs. That 
was a handy way of ex- 

plaining the internal 
differences between the 
various bipolar -logic fam- 
ilies; however, each family 
has members with special 
inputs and outputs. Typically 
only a chips data sheets 
will reveal such strange dis- 
tinctions (the information is 

often absent from chip des- 
ignations). 

With regards to special 
inputs, there are some bi- 
polar chips that can handle 
inputs of up to 15 volts. 
There are others with built in 
20k pull -up resistors at their 
inputs. Such chips are de- 
signed with industrial 
applications in mind, but 
still and all, it's good for the 
hobbyist to know they're out 
there. 

With regard to outputs, 
you probably know they fall 
into three groups: totem 
pole, open collector, and 
Tristate. To briefly discuss 
them, a totem -pole output 
can be visualized like two 
transistors in a push -pull 
configuration (see Fig. 1A). 

When Q1 is on, Q2 is off, 
and the stage sends out a 
high; when Q2 is on, Q1 is 

off and the stage sends out 
a low. The output is said to 
be able to produce both 
"active" highs and "active" 
lows. 

An open -collector (or 
OC) circuit, on the other 
hand, has no transistors to 
produce active highs; only 
transistors to pull the outputs 
low. The collector of an out- 
put transistor is left floating 
or open (as shown in Fig. 
1B), If highs are desired of 
such an output, an external 
pull -up resistor must be 
used to provide them. This 

form of output is very useful 
for reducing the number of 
gates in a circuit as several 

of them can be tied to- 
gether if one wishes to take 
the NOR of their values. As 

you can see from Fig. 1C, if 
either Q1 or Q2 is on, the 
output would be low; both 
must be off to produce a 
high. 

While many might be fa- 
miliar with OC chips, it is not 
common knowledge that 
they can work with a variety 
of pull -up voltages (V+ in 
Fig. 1). That is so that the 
pull -up resistor can actually 
be replaced with a load (a 
relay, or display element for 
example), perhaps in series 
with a current -limiting re- 
sistor, eliminating the need 
for some interface compo- 
nent like a power transistor. 
Such outputs come in 5.5 -, 
7 -,15 -, 30 -, 60 -, and 70 -volt 
varieties. Open-collector 
outputs can also be de- 
signed for low leakage (or 
off -state current) to handle 
very current -sensitive loads. 

The last common style of 
output, Tristate, is an excep- 
tion to a rule I laid down 
months ago. Remember 
when I said that outputs 
could be high or low? That's 
not entirely true. On a Tris- 

tate chip, if the outputs are 
not given an enable signal 
via a special input, they 
float in a high- impedance 
state (the third state). They 
neither source or sink cur- 
rent. That allows multiple 
such outputs to share a 
single line, provided that 
each takes turns using that 
line (each output must be 
exclusively enabled. 

While Tristate chips are 
common, especially in 

computers where memory 
chips and all manner of 
devices must share ad- 
dress- and memory -bus 
traces, you may not have 



1P100976 

Part No. 

1P100896 

1P75336 

1P18770 

1P75344 

1P75352 

1P75361 

1P16993 

1P75395 

1P75441 

1P75467 

1P94625 

1P100909 

1P100925 

1P100933 

1P100941 

1P100950 

1P100968 

1P100976 

1P75408 

1P16969 

1P16977 

1P75432 

1P75459 

1P16934 

1P16951 

1P100917 

Part No. 

1P39909 

1P33611 

1P40002 
1P40125 
1P40230 
1P39829 
1P39933 
1P39968 
1P39984 
1P39677 
1P40037 
1P40061 

1P39714 
1P39722 
1P39781 

1P65699 
1P43692 

Call Or FAX Now! Over 5000 Products In Stock 
Tubeaxial AC and DC Fans 

Size L"xN"xT' 
1.50 x 1.50 x .750 

1.77 x 1.60 x .630 

1.60 x 1.60 x .620 

1.75 x 1.60 x .800 

2.35 x 2.35 x 1.00 

3.15 x 3.15 x 1.00 

3.15 x 3.15 x 1.00 

3.15 x 3.15 x 1.25 

3.63 x 3.63 x 1.00 

4.68 x 4.68 x 1.00 

4.68 x 4.68 x 1.50 

1.50 x 1.50 x .750 

3.15 x 3.15 x 1.25 

3.15 x 3.15 x1.60 
3.63 x 3.63 x 1.00 

4.69 x 4.69 x 1.00 

4.69 x 4.69 x 1.50 

4.69 x 4.69 x 1.50 

3.15 x 3.15 x 1.0 

3.15 x 3.15 x 1.50 

3.15 x 3.15 x 1.50 

3.63 x 3.63 x .80 

3.63 x 3.63 x 1.0 

4.68 x 4.68 x 1.50 

4.68 x 4.68 x 1.50 

3.15 x 3.15 x 1.50 

EPROMS 
Product No. 

2708 
TMS2716 
2716 
2732A -25 
2764A -20 
27C64 -15 
27128 -25 
27128A -20 
27128A -25 
27C128 -15 
27256 -15 
27256 -25 
27C256 -15 
27C256 -20 
27C512 -15 
27CO20 -15 

68766 -35 

Voltage 
5 VDC 

5 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

12 VDC 

24 VDC 

24 VDC 

24 VDC 

24 VDC 

24 VDC 

28 VAC 

115 VAC 

115 VAC 

115 VAC 

115 VAC 

115 VAC 

115 VAC 

115 VAC 

230 VDC 

1P100896 

CFM 1-9 

6 $8.95 
4 8.95 

6 

5 

14 

24 

27 

22 

35 

53 

75 

22 

25 

35 

35 

60 

80 

75 

18 

23 

25 

47 

35 

90 

90 

27 

8.95 
8.95 

7.95 
7.95 

9.95 
6.95 
7.95 

11.95 
12.95 

6.95 

8.95 
8.95 

9.95 
10.95 

10.95 
10.95 

6.95 
7.95 

10.95 
10.95 

10.95 
13.95 

5.95 
10.95 

10 -99 

$7.95 

7.95 

7.95 
7.95 

6.95 
6.95 

8.95 
5.95 

6.95 

10.95 
11.95 

5.95 
7.95 

7.95 

8.95 

9.95 

9.95 
9.95 

5.95 
6.95 

9.95 
9.95 

9.95 
12.95 
4.95 

9.95 

AC Wall Transformers DC Wall Transformers 
Male Plug - 3.5 mm 

Female Plug - 2.1 mm 

UL listed 
1P10073 Current rating to 

1Amp 

Part No. 

1P10129 

1P100061 

1P10073 

1P101258 

1P10081 

1P10428 

1P100108 

1P100191 

1P100036 

1P87581 

1P10102 

1P101119 

1P15392 

-Tr 
Voltage Current Plug Price Part No. Voltage Current Plug Price 

9VAC 500mA Male 4.95 1P100159 4VDC 700mA Malei $4.95 

9VAC 780mA Female 4.95 1P15544 6VDC 500mA Male? 5.95 

12 VAC 500mA Male 5.49 1P101266 6VDC 500mA Female2 5.95 

12 VAC 500mA Female 5.95 1P100845 9VDC 200mA Female2 5.19 

12 VAC 1000mA Female 5.95 1P100837 9VDC 200mA Male? 4.95 

12 VAC 1000mA Male 5.95 1P100853 9VDC 500mA Female2 4.95 

16 VAC 1100mA Female 5.95 1P15561 9VDC 500mA Male2 4.95 

18 VAC 80mA None 3.95 1P100095 12VDC 200mA Female2 4.95 

20 VAC 400mA None 

24 VAC 500mA Female 

5.95 
4.95 

1P15368 12VDC 500mA 

1P17267 12VDC 500mA 

Female, 

Male2 

5.95 

5.95 

24 VAC 1000mA Male 7.95 1P100870 12VDC 1000mA Female2 5.95 

26 VACT 1200mA None 7.95 1P15392 12VDC 1000mA Male2 6.95 

Cao for intomtation on our complete line dwell Iranslomters + Q - 
1 V2 

6 Outlet Wall Plug -In 7 Outlet Power Strip 
w/4 ft. Cord 

1.1 ,, r,, 1.1 1.1 I.1 

Part No. Product No. 1 -9 10 -99 Part No. Product No. 1 -9 10-99 

1P99291 EP6 $5.95 $5.49 1P98749 LR69225 $9.95 $8.95 

Price 
$4.95 

5.95 
4.49 
4.49 
4.75 
4.49 
7.75 
4.95 
3.95 
5.75 
5.49 
4.75 
5.25 
4.95 
6.49 

10.95 
4.95 

TTL 
Integrated Circuits 

Part No. Product No 

1P46252 74LS00 
1P46287 74LS02 
1P46316 74LSO4 

1P46375 74LS08 
1P46640 74LS14 
1P47458 74LS30 
1P47466 74LS32 
1P48004 74LS74 
1P48039 74LS76 
1P48098 74LS86 
1P46447 74LS112 
1P46480 74LS123 
1P46607 74LS138 
1P46957 74LS175 
1P47036 74LS193 
1P47183 74LS244 
1P47212 74LS245 
1P47600 74LS373 
1P47634 74LS374 

1 -9 10 -99 

$.29 $.25 
.29 .25 
.29 .25 
.29 .25 

.39 .35 

.29 .25 

.29 .25 

.35 .29 

.69 .59 

.35 .29 

.39 .35 

.39 .35 

.39 .35 

.39 .35 

.59 .49 

.69 .59 

.69 .59 

.69 .59 

.69 .59 

Machine Tooled Low Profile 
Tin Plated IC Sockets 

Gold contact pins 
Tin plated tails 
Lead length: .188" 

Body beight:.125 1P37401 

Part No. Product No. Pins 1 -9 10 -99 

1P51625 8MLP 8 pin $.49 $.45 
1P37196 14MLP 14 pin .59 49 

1P37401 16MLP 16 pin .65 .55 

1P65584 18MLP 18 pin .75 .65 
1P38623 20MLP 20 pin .79 .69 

1P39351 24MLP 24 pin .85 .75 
1P39386 24SMLP 24 pin .89 .79 
1P40328 28MLP 28 pin .99 .89 
1P41136 40MLP 40 pin 1.19 1.09 
1P42059 48MLP 48 pin 1.49 1.39 

D- Subminiature 
Solder Cup Connectors 

Compatible with 24AWG Cable 

Solder cups for 22 AWG wire 

Metal shell 

Male connectors with grounding tangs 

1P15114 1P15157 

Part Product 
No. No. Gender 1-9 10-99 

1P15747 DE9P M $.45 $.35 
1P15771 DE9S F .49 .39 

1P15034 DA15P M .55 .45 

1P15051 DA15S F .59 .49 

1P15114 DB25P M .65 .55 
1P15157 08255 F .75 .63 

1P15472 DC37P M 1.19 .95 

1P15499 DC37S F 1.25 .99 

1P15675 DD50P M 1.79 1.49 
1P15691 DD5OS F 2.25 1.69 

Carbon Film 1/4 Watt 5% Resistor Assortments 

Part No. Description Price 

1P10719 5 each 70 values (every other value from R10 ohm -R5.6 meg) $9.95 
1/4 Watt C.F. Resistor Values (350 pcs.) 

1P10663 100 each (27 values) 1/4 Watt C.F. Resistors R10 thru R1 OM 39.95 
' (2,700 pcs.) 

SIPP to SIMM Module Converter 
Use SIPP's in place of SIMM's 
Upgrade from a SIPP Motherboard to a new SIMM Motherboard without buying 

new RAM Fits into standard 30 pin SIMM socket 

Double sided board for reliable operation 
Size: 1.6" maximum height x 3.5"wide (with 9 chip SIPP installed) 

Part No. Product No. Description Price 
1P93382 JE430 SIPP to SIMM Module Converter $9.95 

Call or write for your 

FREE Component Catalog: 
14155928097 

For International Sales, Customer 
Service, Credit Department and all other 
inquiries: Call 415.592.8097 between 
7AM -5PM P.S.T. 

Mention 
V.I.P.* 

1P4 

CA Residents please add applicable sales tax. 

Terms: Prices subject to change without notice. Items 

subject to availability and prior sale. Complete list of 

terms /warranties is available upon request. 

1/411 ELECTRONIC COMPONENTS 

AMECO' 
COMPUTER PRODUCTS 

1355 Shoreway Road 
Belmont, CA 94002 

FAX: 18002376948 (Domestic) 

FAX: 4155922503 (international) 

© 1994 Jameco 1/94 All trademarks are registered trademarks of their respective companies. 

Call 18008314242 to order today! 
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come across a peculiar 
cousin to this family: the 
open -collector Tristate chip. 
Basically they give all the 
advantages of Tristate oper- 
ation, and allow you to NOR 

outputs or connect loads 
directly. 

That's all we'll cover 
about strange inputs and 
outputs this time. Next 
month we'll look at some 
other exceptions to 'Well - 
established" rules of bipolar 
IC designations; like IC's 

with the same part number 
but different pinouts! 

Now, let's get to our letters 
for this month. 

PORTABLE NEON 
I am a 16- year -old elec- 

tronics hobbyist and would 
like to present you with a 
circuit for powering a neon 
lamp from a 1.5 -volt battery. 
The circuit (shown in Fig. 2) 

is a very simple inverter. Its 

vvvvv 

NE1 

ADD THIS 
RESISTOR 

IF 
NECESSARY 

Fig. 2. This neon -light driver 
might just come in handy in 
your next blackout! 

based on a miniature two - 
transistor pulse generator, 
and a 6.3 -volt power trans- 
former used in the step -up 
voltage configuration. 

Transistor Q1 is configured 
so that it turns on every time 
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Cl is charged through Rl. It 

then discharges the capac- 
itor. Transistor Q2, which 
oscillates in step with Q1, is 

configured as a current 
provider for T1's secondary 
coil. The current oscillations 
cause a high AC voltage to 
appear at T1's primary, light- 
ing the white -light neon 
bulb. 

-Bernard Vanerio, 
Miami, FL 

Good going! I suppose R1 

should be adjusted for 
maximum illumination. By 
the way, Bernard also men- 
tions a centered - tapped 
12.6 -volt transformer may 
be substituted for T1 (pro- 
vided you use only half its 

primary), and that every- 
thing with the exception of 
the transformer (T1) can be 
fitted inside the body of a 
flashlight. 

A SHIFTY IDEA 
This circuit (shown in Fig. 

3) is used to make a tri- 
color LED gradually change 
color from yellow to red to 
yellow to green, and then 
back to yellow, where the 
cycle repeats. It is very sim- 
ple to make, and the 
theory of operation is also 
simple. Both of the timers in 
the 556 dual oscillator /timer 
are configured for astable 
operation with a 50% duty 
cycle. One timer is set to 
oscillate much faster than 
the other. The timing ca- 

pacitor voltage of each is 

sent to two comparators, 
which apply a voltage 
across the tri -color LED 

whose polarity depends on 
which capacitor voltage is 

higher. The rapidly chang- 
ing capacitors' voltage 
causes the red and green 
elements of the LED to be 
alternately lit, thus giving 
the illusion of yellow light. As 
the slowly rising and falling 
voltage from the slower tim- 
ing capacitor changes in 
average value, it shifts the 
duty cycle to favor one 
color or the other. That 
gives the transition between 
colors a smooth ap- 
pearance. Hopefully, the 
effect will be put to many 
uses. 

-Mark Valentine, Keesler 
AFB, MS 

This puts me in mind of a 
project of long ago. It con- 
sisted of a bank of lights 
that blinked on and off ran- 
domly, liked some 
background prop from a B- 

grade sci -fi movie. Those 
things had a somewhat 
hypnotizing effect (similar to 
TV white noise) because the 
brain tries to find a pattern 
in the randomness, It would 
be neat to build such a 
device from several copies 
of the circuit you've pro- 
vided, as the indicators in 
that display would do much 
more than just blink on and 
off at random. 

LEDI 

Fig. 3. If you want a really unusual display, check out this LED 
circuit which slowly .shifts between three colors automatically. 
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LESS POWER, MORE 
PIZZAZ 

I especially look forward 
to your column, Think Tank' 
in Popular Electronics 
each month. I've enjoyed it 

(and Circuit Circus) so 
much that I finally sub- 
scribed to the magazine. 
While looking through a 
back issue (September, 
1991), I saw a circuit in Think 
Tank -called the "Nothing 
Box" (by Dave Litke of Saint 
Catherine's, Ontario, Cana- 
da) -that really caught my 
eye. I sat down, assembled 
the device, and hooked it 

up to my stereo. Unfor- 
tunately, I only have a 
portable stereo with de- 
tachable speakers; the 
stereo didn't seem to deliv- 
er enough power to drive 
the display unless its volume 
was turned up to speaker - 
distortion level. 

TO 
LEFT 

SPEAKER 
OUTPUT 

TO 
RIGHT 

SPEAKER 
OUTPUT 

0 
+ K 

Cl D1 
10 

R1 4 

33K 
_ 1/2 WATT o- 

1N914 

N 

Well, I still liked the idea, 
and I felt that the circuit 
was certainly worth modify- 
ing to make it more 
sensitive to my low - 
powered stereo. But when I 

modified the original circuit, 
the display didn't seem uni- 
form. After some more time 
(and some more effort), I 

eventually came up with a 
circuit (shown in Fig. 4) that 
can be moved from one 
stereo to another. Ifs 

basically the same idea, 
except that it is more sen- 
sitive, the display is more 
uniform, and the circuit has 
Iwo display modes (bar 
and dot). 

The circuit is built around 
two LM3915 dot /bar -display 
drivers. That reduces the 
parts count significantly 
since the voltage dividers, 
the voltage reference, and 
the adjustment inputs are 

R2 
33K y 

1/2 WATT 

C2 
10 

+K 
D2 

1N914 

+5VDC 

R3-a 
100K : 

contained on the same IC. 

The circuit is also expanda- 
ble to 20 or more segments 
by cascading the LM3915's. 

In my prototype, I used 
tri- colored bargraph dis- 
plays from Radio Shack, 
however, a plain 10 -seg- 
ment bargraph display will 
work, or you can use any 
color- combination of dis- 
crete LED's instead. I also 
used a 100k stereo -control 
potentiometer for the ad- 
justment control (R3). That 
eliminates having two sep- 
arate adjustments and also 
ensures that both sides can 
get an equal signal. Switch 
S1 selects between bar 
mode and dot mode. 

This circuit was designed 
primarily for smaller stereos, 
I don't know exactly how 
much power it will handle. 
The circuit draws approxi- 
mately 300 mA when in bar 

mode and at full scale. You 

can build your own power 
supply, as I did, or you can 
use batteries or even the 
stereo's power for the 
meters. I hope that this cir- 
cuit will prove interesting 
and useful for anyone that 
had the same trouble I did. 
Incidentally, I would also like 
to thank Dave Litke for in- 
spiring me to actually build 
this thing. 

-Chris Savage, Sche- 
nectady, NY 

Those out there who feel 
similarly inspired should 
note the output -pin ar- 
rangement on the LM3915's 
makes connecting them to 
the bargraph displays very 
easy. If you insert the dis- 
plays and IC's parallel and 
right next to one another in 
a piece of perfboard (so 

That the cathodes of nine of 
the LED's face their respec- 
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Fig. 4. This channel- output display would he a nice add-on to any stereo system. However, if your 
stereo has outputs with isolated grounds, that isolation should be maintained by the project 
through the use of two audio transformers. 
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O- 

25 



26 

five IC pins), you can easily 
connect the LED's to the IC's 

by tack -soldering tiny 
pieces of wire between the 
pins. 

Also beware that not all 
amplifier outputs share a 
common ground. In such 
circumstances, the ampli- 
fier outputs should be 
isolated from the project 
(and thus remain isolated 
from one another) by insert- 
ing a 1 -to -1 audio 
transformer between each 
amplifier output and its dis- 
play input. 

STROKE, STROKE . 

I have a circuit for all 
those golfers who, like me, 
spend more time trying to 
remember how many 
strokes they made rather 
than playing golf. The circuit 
(shown in Fig. 5) is simply a 
counter with a display. The 

circuit is powered by a 9- 

volt battery that is regu- 
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Fig. 5. Do you ever lose your stroke count in the middle of sizing -up a shot? Try this never fail 
memory aid! 

lated to 5 volts by a 7805 
regulator IC. 

Switch S1, a SPST switch, is 
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Not Copy 
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used to turn the counter on 
and off. A 555 timer (U2) is 

configured as a monosta- 
ble multivibrator. Whenever 
S2, a normally -closed mon- 
etary- contact switch, is 

opened, the 555 is trig- 
gered, sending a 1- second 
pulse to pin 14 of U3, a 
7490 decade counter. The 
7490 keeps track of how 
many times you've pushed 
S2 to trigger the circuit. That 
count is translated by U4, a 
7447 BCD decoder /driver, 
which is connected to a 
common -anode 7 -seg- 
ment display. 

After each stroke, the 
golfer hits S2, and the coun- 
ter keeps track of the 
strokes. At the end of each 
hole, the counter can be 
reset to zero by pressing S3, 

another normally -closed 
momentary- contact switch. 
Switch S3 is connected be- 
tween pin 2 of the 7490 
and ground. Opening the 
switch allows pin 2 to float 
high, resetting the counter 
to zero. 

-Elmer Perry, Jr., Ft. Hood 
IX 

If anyone out there finds 
the circuit drains their bat- 

teries too fast (which can 
be frustrating in the middle 
of playing a hole), fry plac- 
ing a normally -open 
momentary- contact switch 
between the display's 
anode pin and the 5 -volt 
line. That way the display 
will only be active when 
you depress the switch to 
check the stroke count, and 
not while you're just walking. 

Well, its time to close the 
corral for this month. Until 
next time, please send your 
submissions to Think Tank, 

Popular Electronics, 500 -B 

Bi- County Blvd., Farm- 
ingdale, NY 11735. All 
contributions appearing 
here will be reciprocated 
for with a Think Tank ll or 
other book. 

THE BURNING MUST STOP. 
NOW! 

96,000 acr,,,,train 
are I,urnctI cccr d.n: Yin can 
help sit'', c his+cn+eÍCS. 
clrstructiun by joining the 
N:uinnul Arhor Day Founds, 
clora .rial supryming Rain 
r ,rest Rescue. 

17 }}8 Fnve;'t 

Call Rain Forest Rescue. 

1- 800 -255 -5500 
The National 
Arbor Day Foundation 



Just like these 
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Electronics 
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-Thanks to CIE I have tripled my previous 
salary, and lam now in a challenging and 
rewarding new field where only the sky is 

the limit." 
Daniel Wade Reynolds 
Industrial Electrician 
Ore -Ida Foods 

'CIE was recommended to me by my boss. 
It was appealing since I could study at my 
own pace at home and during business 
travel." 
Dan Parks 
Marketing Manager /Consumer Products 
Analog Devices, Inc. 

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

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

'Completing the course gave me the ability 
o efficiently troubleshoot modern 

microprocessor based audio and video 
systems and enjoy a sense of job security." 
Tony Reynolds 
Service Manager /Technician 
Threshold Audio & Video 

Graduate with an Associate 
Degree from CIE! 

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

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

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

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

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

electronics. And every CIE 
Course earns credit towards 
the completion of your 
Associate in Applied Science 
Degree. So you can work 
toward your degree in stages 
or as fast as you wish. In fact, 
CIE is the only school that 
actually rewards you for fast 
study, which can save you 
money. 91TEa 8C 
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CIE'S COMMITTED TO 
BEING THE BEST...IN ONE 
AREA...ELECTRONICS. 
CIE isn't another be- 
everything-to-everyone 
school.CIE teaches only 
one subject and we believe 
we're the best at what we 
do. Also, CIE is accredited 
by the National Home Study 
Council. And with more than 
1,000 graduates each year, 
we're the largest home study 
school specializing exclu- 
sively in electronics. CIE has 
been training career -minded 
students for nearly sixty 
years and we're the best at 
our subject... 
ELECTRONICS... 
IT'S THE ONLY SUBJECT 
WE TEACH! 

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

Course 
and the first 
Microprocessor 
Course. Today, no 
other home study 
school can match CIE's 
state -of- the -art equipment 
and training. And all your 
laboratory equipment, books 
and lessons are included in 
your tuition. It's all yours to 
use while you study and for 
on- the -job after you 
graduate. 

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

Send for CIE's FREE Course Catalog and 
See How We Can Help Your Career Too! 

YES! I want to get started. 
Send me my CIE course catalog 
including details about the 
Associate Degree Program. (For 
your convenience, CIE will have a 
representative contact you - there 
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111---2 3/16 INCHES- 
Fig. 3. The Digital Barometer was built 
on two single -sided, printed- circuit 
boards -one of which (the one shown 
here) is referred to as analog board. You 

can use this full size template (and the 
one in Fig. 4) to etch your own boards 
or purchase a set from the supplier listed 
in the Parts List. 

L 
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Fig. 4. The template for the other 
board -called the display board (which 
contains the AID converter, digital logic, 
and LCD readout) -is shown here full 
scale. 
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Fig. 5. When assembling the analog board (guided by this parts -placement diagram), 
it is recommended that sockets be used for the DIP IC's. 
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determined by voltage divider corn - 
prised of R11 -R13. 

The decimal point of the LCD read- 
out is hard wired for a display resolu- 
tion of 0.01 inches of mercury. That 
causes the three least- significant dig- 
its of the display to read 8.00 for a 
differential input voltage of 0.08 volts, 
9.00 for 0.09 volts, 0.00 for 0.10 volts, 
and 1.00 for 0.11 volts. 

The gain of the analog amplifier is 

chosen so that a variation of 1.00 inch 
of barometric reading as detected by 
the sensor is translated into a change 
of 0.01 volts at pin 8 of U2 -c. That 
causes the display's three least- signifi- 
cant -digits to read 8.00 at 28.00 
inches, 9.00 at 29.00 inches, 0.00 at 
30.00 inches, and 1.00 at 31.00 inches. 

Generation of the most -significant 
digit of the display (2 or 3) is accom- 
plished via U4 (a 4030 quad two -input 
exclusive -or gate). The xoR gate pro- 
duces a logic 1 output only when the 
signals applied to its two inputs are 
opposite to each other. The key to 
generating either a 2 or 3 is deter- 
mined by examination of the "g" seg- 
ment of the second most- significant- 
digit, since the barometer need dis- 
play only 28 to 31 inches of mercury. If 

that digit is either an 8 or a 9, its "g" 
segment is energized and the most - 
significant digit must then be a 2. If the 
second most -significant digit is either 
0 or 1, the "g" segment is dormant and 

the most -significant -digit must then 
be a 3. 

Integrated circuit U4 -c simulta- 
neously examines the "g" segment of 
the second most -significant digit and 
the back -plane waveform generated 
by U3. When the "g" segment is active 
(8 or 9), the output at of U4 -c at pin 10 

is at a logic 1. Otherwise it is zero for 
digits 0 and 1. Integrated circuit U4 -b is 

used to conditionally invert the back - 
plane waveform, so that its output is 

identical to back -plane when the dig- 
it is 0 and 1, and is an inverted back - 
plane when the digit is 8 or 9. 

Integrated circuit U4 -b pin 4 feeds 
segment "e" of the most- significant- 
digit, which must be displayed as a "2" 
when the next digit is 8 or 9. Similarly, 
U4 -a is used as a conditional inverter 
so that the "c" segment of the most - 
significant -digit is always driven op- 
posite to the "e" segment as required 
for a "3." 

Finally, U4 -d is used as an inverter so 
that the remaining segments, com- 
mon to display a digit of 2 and 3, are 
always energized. The logic circuit, 
comprised of U4, always generates 
the correct most -significant -digit of 
the barometric reading, but cannot 
display any digit other than 2 or 3. 

Construction. The Digital Barometer 
was built on two single- sided, printed - 
circuit boards; one is referred to as 33 
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*SEE TABLE 1 

**SEE TEXT 
Fig. 6. After assembling the display board, install all of the jumper connections listed 
in Table I on the component sided of the board. The LCD module is then mounted to 
the copper side of the board. 
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analog board (which contains the 
analog circuit and regulated power 
supply) and the other is called the 
display board (which contains the ND 
converter, digital logic, and LCD read- 
out). Splitting the circuit into Iwo sec- 
tions allows stacked printed- circuit 
construction so that the entire project 
can be assembled into a small en- 
closure, complete with the battery. 
The readout was mounted on copper 
side of the digital board to allow it to 
protrude through the cover of the 
housing, for ease of viewing. 

If you do not wish to etch your own 
boards, they are available from the 
source given in the Parts List. Tern - 
plates for the two printed- circuit 
boards are shown in Fig. 3 (the analog 
board) and Fig. 4 (the display board) 
full scale. The parts -placement di- 
agrams of the analog and display 
boards are shown in Fig. 5 and 6, re- 
spectively. Also shown in those di- 
agrams are the hard -wire connec- 
tions between the boards and to the 
external components. 

It is recommended that sockets be 
used for the DIP IC's. Because of the 
limited space in the recommended 
enclosure, only low- profile sockets 
should be used. The LCD readout can 
be soldered directly into the digital 
board. If desired, a socket for the 
readout can be fabricated by cutting 
a 40 -pin DIP socket in half lengthwise. 
Do not install the readout or IC's into 

TABLE 1- JUMPER CONNECTIONS 

From To 

U3 pin 2 DISP1 pin 18 
U3 pin 3 DISP1 pin 19 
U3 pin 4 DISP1 pin 20 
U3 pin 5 DISP1 pin 21 

U3 pin 6 DISP1 pin 22 
U3 pin 7 DISP1 pin 23 
U3 pin 8 DISP1 pin 17 

U3 pin 9 DISP1 pin 14 

U3 pin 10 DISP1 pin 15 
U3 pin 13 DISP1 pin 26 
U3 pin 14 DISP1 pin 13 

U3 pin 15 DISP1 pin 10 

U3 pin 16 DISP1 pin 29 
U3 pin 17 DISP1 pin 31 

U3 pin 18 DISP1 pin 9 

U3 pin 22 U4 pin 8 

U4 pin 8 DISP1 pin 32 
U3 pin 23 DISP1 pin 30 
U3 pin 24 DISP1 pin 11 

U3 pin 25 DISP1 pin 27 
U4 pin 2 DISP1 pin 5 

U4 pin 3 DISP1 pin 7 

DISP1 pin 12 DISP1 pin 6 
U4 pin 11 DISP1 pin 12 

the boards until you are instructed to 
do so later on during the checkout 
procedure. 

Pay strict attention to the orienta- 
tion of all polarized components; if 

any of the polarized components 
(electrolytic capacitors and IC's) are 
inadvertently installed backwards, the 
circuit won't work and there is the pos- 
sibility of damage to one or more of 
the components. 

The accuracy of the barometer re- 
lies on the tolerance and stability of 

PARTS LIST FOR THE 
DIGITAL BAROMETER 

SEMICONDUCTORS 
UI- AN78L05 5 -volt, 100 -mA, 

voltage regulator, integrated circuit 
U2- LM324N quad op -amp, 

integrated circuit 
U3- ICL7106CPL 31/2-digit A/D 

converter, integrated circuit 
U41 CD4030BE quad exclusive -oR 

gate, integrated circuit 
DISPI- LCD004 41/2-digit or similar 

LCD readout (Digi -key) 
SENSI- MPX2100AP 15 -PSIA 

pressure sensor (Motorola) 

RESISTORS 
(All fixed resistors are %a -watt, I% 

metal -film units, unless otherwise 
noted.) 

RI- 332,000 -ohm 
R2- 15,800 -ohm 
R3- 143,000 -ohm 
R4R6, Rll, R13- 100,000 -ohm 
R7- 150,000 -ohm 
R8 -2,000 -ohm PC mount, cermet 

potentiometer 
R9-76,800-ohm 
R10- 1- megohm1/4-watt, 5 %, carbon 
R I2 -4120 -ohm 
R14- 100,000 -ohm, 1/4-watt, 5 %, 

carbon 
RI5 47,000 -ohm, / -watt, 5 %, 

carbon 

CAPACITORS 
C1- 10 -1iE 15 -WVDC, axial -lead 

electrolytic 
C2- 0.1 -1F, ceramic -disc 
C3- 0.01 -RF, ceramic -disc 
C4, C6 0.47 -p,F, ceramic -disc 
C5- 100 -pF, ceramic -disc 
C7- 0.22 -µF, ceramic -disc 

ADDITIONAL PARTS AND 
MATERIALS 

B1 -9 -volt transistor -radio battery 
SI -SPST miniature toggle or slide 

switch 
Printed- circuit materials, enclosure 

(Radio Shack 270 -222 or similar), 
IC sockets, battery holder and 
connector, wire, solder, hardware, 
etc. 

Note: The following items are 
available from A. Caristi (69 White 
Pond Road, Waldwick, NJ 07463): 
Pressure sensor ( SENSI), $39.50; 
a set of two printed -circuit boards, 
$19.75; 78L05 5 -volt regulator 
(UI) 2.00; LM324 op -amp (U2), 
$2.00; ICL7106CPL A/D converter 
(U3), $16.50; 4030 quad XOR gate 
(U4), $2.00; set of eleven 1% 
metal -film resistors, $4.95. Please 
add $3.00 postage /handling to all 
orders. New Jersey residents please 
add appropriate sales tax. 



the amplifier and A/D converter re- 
sistor values. For that reason, it is nec- 
essary to use only 1% metal -film 
resistors where specified in the Parts 
List. Ordinary carbon resistors are not 
stable enough for the circuit, and 
should not be used in place of the 
metal -film types. 

Analog Board. The pressure sensor is 

a reasonably sturdy device, but care 
must be taken when forming the 
leads at right angles so that the body 
lies flat on the board. Use two long - 
nose pliers when bending the leads - 
one to prevent stress on the lead 
where it enters the plastic body and 
the other to bend the terminals to the 
proper position. 

Before forming the leads, locate pin 
1 of SENSI, which is identified by a 
small indentation cut into the flat ter- 
minal of pin 1. Once you have identi- 
fied pin 1, you'll be able to form the 
leads in the correct direction so that 
the sensor can be properly installed in 
the circuit. The use of mounting hard- 
ware for the sensor is optional; if used, 
place the head of the screws on the 
bottom side of the board to allow it to 
rest on the bottom of the enclosure. 
No pneumatic connection to the 
pressure port of the sensor is required 
for the barometer except during an 
optional calibration procedure (that 
is discussed later). 

After completing the analog 
board, examine it very carefully for 
opens, shorts, and cold solder joints. It 

is much easier to correct a problem at 
this stage rather than later on should 
you discover that the barometer does 
not work. 

Digital Board. To keep the size of the 
barometer as small as possible, the 
LCD readout was mounted on the 
copper side of the board. That allows 
you to mount the display board to the 
cover of the enclosure with the dis- 
play protruding through a 23/4e by 15 /,e- 
inch rectangular opening. Drill four 
holes in both the display board and 
cover to accommodate the mount- 
ing hardware. Be careful not to drill 
through any of the copper conduc- 
tors. 

The display board requires a 
number of jumper wires to complete 
the circuit; a listing of those connec- 
tions are given in Table 1. Use #24 or 
#26 insulated, stranded wire for the 

APPLY 
VACUUM 

HERE 

PRESSURE 
SENSOR 

HEIGHT OF 
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Fig. 7. For those who wish to obtain the 
greatest possible accuracy from the 
circuit, this set up can be used to 
calibrate the Digital Barometer using a 
procedure founded in some basic laws of 
physics. 

jumper connections. All jumper wires 
must be placed on the component 
side of the display board to allow 
room for the readout module on the 
opposite side. 

After all other components have 
been installed, install the LCD's socket 
(as described earlier), if one is to be 
used, on the copper side of the dis- 
play board. Do not install the LCD at 
this point; the circuit must be deter- 
mined to be bug -free first, with no 
opens, shorts, cold solder joints, or 
other construction errors. 

Final Assembly. There are 4 con- 
nections that must be made between 
the analog and display boards; +5 
volts, ground, and the two differential 
outputs from U2 -c and U2 -b. Use dif- 
ferent color insulated stranded wire 
for those connections and be sure to 
allow sufficient lead length to permit 
the boards to be placed as required 
in the enclosure. 

In the author's prototype, two cor- 
ners of the analog board were cut off 
at 45° angles to permit the board to 
be positioned near one end of the 
specified enclosure, allowing suffi- 
cient room for B1 next to the board. It is 

not necessary to fasten the analog 
board to the recommended en- 
closure; it will automatically be held in 

place when the cover is screwed 
down. 

The wiring between the Iwo circuit 
boards must be positioned so that it 

does not lie across the top of U3 when 
the cover of the enclosure is put in 

place; otherwise, there may be insuffi- 
cient clearance when attempting to 
seal the enclosure that is specified in 

the Parts List. 

Connect a battery clip to the cir- 
cuit. When wiring the clip to the circuit, 
be sure to observe proper polarity as 
indicated in the parts- placement di- 
agram. Switch S1 can be installed on 
the side of the enclosure. Because of 
the limited space within the en- 
closure, use a miniature toggle or 
slide switch. 

Checkout. For the initial checkout of 
the circuit, do not install the IC's (U2, 

U3, or U4) or the display (DISPI) on the 
boards. The power supply will be 
checked first, using any DVM or VOM. 
Connect a fresh battery to the circuit. 
Connect the negative lead of the 
voltmeter to the circuit ground (nega- 
tive battery terminal) and turn on S1. 

Measure the output of the regulated 
5 -volt supply at pin 3 of SENSI. You 

should get a reading of from 4.8 to 5.2 
volts. If that checks out, proceed with 
the remainder of the test. If you do not 
obtain the proper reading, trou- 
bleshoot the circuit and correct the 
problem before proceeding. 

If the power supply is not delivering 
the correct voltage, check the termi- 
nal voltage of the battery when 
powering the circuit: The minimum 
permissible voltage is 7 volts. Check 
the orientation of U1. With the battery 
disconnected, measure the resis- 
tance between the 5 -volt bus and 
ground to be sure that there is no short 
circuit in the wiring. 

When you are satisfied that the 
power supply is operating properly, 
disconnect the battery. Very carefully 
insert U2-U4 and DISP1 into their re- 
spective sockets, with the correct ori- 
entation. When installing those com- 
ponents, be sure that none of the IC 

pins are inadvertently bent under- 
neath the body of the IC. 

With all of the components in- 
skilled, apply power to the circuit, 
and measure the voltage at pin 8 of 
U2, with respect to ground. You should 
get a reading of about 1.8 volts. If your 
reading does not coincide with that 35 



voltage, carefully check to make sure 
that R1 through R6 are of the correct 
values. If in doubt, use an ohmmeter 
to measure the resistance of any re- 
sistor after disconnecting one end 
from the board. Try a new LM324N. 
Check the sensor for correct orienta- 
tion in the circuit. Set R8 to mid -posi- 
tion and measure the voltage at pin 7 

of U2. A reading of about 1.7 volts is 

normal. If you do not get the correct 
reading, check R7 -R9 for the correct 
values. 

The next step involves checking the 
operating range of R8, and if neces- 
sary changing R7 and /or R9 to com- 
pensate for normal tolerance varia- 
tions in the sensor and other circuit 
components. 

Connect the negative lead of the 
voltmeter to pin 7 of U2, and the 
positive lead to pin 8 of U2, Set the 
voltmeter to a sensitive range (such as 
200 -mV full scale). Apply power to the 
circuit and record the reading as R8 is 

adjusted to each end of its range, Ide- 
ally, the maximum and minimum 
readings should be centered around 
100 mV (0.1 volt), with an adjustment 
range of at least ±-10 mV. It may be 
necessary to tailor the values of R7 

and /or R8 in order to obtain a volt- 
age- adjustment range that covers 90 
to 110 mV as R8 is varied from one 
extreme to the other. 

Once R8 has been centered about 
100 mV very slowly adjust R8 over its 

range and note the reading of the 
display. You should be able to obtain 
barometric readings of at least 29.00 
to 31.00 inches of mercury. Re- 
member, the circuit is not capable of 
displaying numbers such as 27 and 
32, so ignore such readings, which 
can occur at either end of the adjust- 
ment range. 

If you do not obtain a legitimate 
barometric display, or if the display is 

totally blank, the problem probably 
lies with the display board. A totally 
blank display indicates that the back - 
plane -drive signal generated at U3 
pin 21 (a 5 -volt peak -to -peak square - 
wave of about 50 Hz) is absent. Check 
all of the components associated with 
U3. Check the orientation of DISP1 to 
be sure it is installed correctly. 

Check the wiring to be sure that 
there are no solder bridges across the 
closely spaced conductors. If possible 
try a new ND converter (U3) and xoR 

36 gate (U4). If the display is energized, 

but one or more of the digits has seg- 
ments that are either incorrectly ener- 
gized or extinguished, the problem is 

most likely with the connections be- 
tween U3, U4, and DISP1. 

Carefully review Table 1 to deter- 
mine whether all of the jumpers are 
correctly wired. Check the solder con- 
nections to DISP1 for opens and shorts. 
When the barometer is operating 
properly, set R8 to the current baro- 
metric reading, which can be ob- 
tained by calling a local airport or 
tuning into a radio or TV weather re- 
port. 

Precision Circuit Calibration. The 
Digital Barometer can provide relia- 
ble and accurate readings since the 
tolerance of the sensor and circuit 
components are reasonably good. 
For those who wish to obtain the 
greatest possible accuracy from the 
circuit, a simple calibration pro- 
cedure using some basic laws of 
physics can be used to trim the ampli- 
fier gain for the particular sensor used 
in the circuit. 

Calibration involves using a water - 
column manometer, which can be 
assembled from easily obtainable 
materials. The manometer is used to 
simulate a pressure difference of 1 

inch of mercury so that the circuit is 

checked at two different pressure 
readings, 30.00 and 29.00 inches. Re- 
sistor R2 can then be trimmed to pro- 
vide a precise circuit gain for a 
change in pressure of 1 inch of mercu- 
ry. 

Figure 7 illustrates the manometer 
setup. The materials require include a 
clean bottle, clear plastic tubing, a 
hose "tee" to make a 3 way connec- 
tion, a hose clamp, a short length of 
wood, and a scale. (A small amount of 
food coloring can be used to make 
the water level easier to see.) The ac- 
curacy of this procedure is deter- 
mined by how precisely you can 
measure and set the height of the 
water column, which can be marked 
on the length of wood. 

The bottle and plastic hose can be 
secured to the wood to keep the tub- 
ing above the top of the bottle as 
straight as possible. Keep the assem- 
bly vertical during the procedure. 
With the pressure sensor connected 
to the manometer as shown in Fig. 7, 

apply power to the circuit. Open the 
clamp and be sure that there is no 

water or bubbles in the tubing above 
the water level in the bottle. Set po- 
tentiometer R8 so that the display 
reads 30.00 inches. 

Now gently apply suction to the 
open end of the tubing so that the 
water level rises in the tube. Carefully 
raise the level of the water 1319/32 

inches (34.5 centimeters) above the 
level in the bottle. Close the clamp sc 
that the water in the tubing remains at 
the desired level. Note the reading of 
the barometer, which should be 29.00 
inches. 

If the reading is greater than 29.00, 
the amplifier's gain is set too low, and 
the value of R2 needs to be reduced. 
If the reading is below 29.00, R2 needs 
to be increased. The required change 
in R2 will be extremely small, possibly 
less than 100 ohms. It's best to use a 
small carbon resistor connected in se- 
ries to raise the value, or a large car- 
bon resistor connected in parallel to 
reduce the value. 

Once the optimum value for R2 has 
been determined and placed in the 
circuit, the barometer is calibrated. 
Adjust R8 for the prevailing barometric 
pressure. 

Using the Barometer. Once R8 has 
been adjusted, it needs no further at- 
tention unless the altitude of the ba- 
rometer is changed by moving it to 
another location. If so, reset R8 by ob- 
taining a current barometric reading 
from an airport or weather report. 
When operating the barometer, you 
may see some fluctuation in the least - 
significant digit of the display; it should 
hover between Iwo readings. That's 
normal for the ND converter used in 
the circuit. 

Also note that the circuit is far more 
sensitive than the common analog 
barometer, and will give a continu- 
ously updated pressure reading. Thus, 
you may see small changes in read- 
ings as the ambient air pressure var- 
ies. That can be very noticeable on a 
windy day. To use your barometer for 
weather forecasting, note the direc- 
tion of change in readings taken an 
hour or more apart. Increasing read- 
ings usually indicate fair weather 
ahead; falling barometric pressure in- 
dicate stormy or unstable weather is 

on its way. 
Be sure to turn off the instrument 

when not in use. That ensures long 
battery life. 



Spinning pinwheel -like devices 
are frequently seen mounted 
atop the masts of ships, the 

masts of weather and air -sampling 
stations, and atop tall towers located 
at airports and air fields. Those wind - 
driven spinning devices are mechan- 
ical sensors that are part of an instru- 
ment -known as an anemometer - 
that is used to measure the force of 
the wind and hence its speed, Hikers, 

campers, bikers, home owners, driv- 
ers, pilots, and sailors are interested in 

wind speed and force because it al- 
lows them to anticipate hazardous 
weather conditions and plan ac- 
tivities accordingly. 

In this article, we'll show you how to 
build a simple, effective, and inexpen- 
sive anemometer. But before we get 
into details of the circuit, it is wise to 
review some background material. 

Theory. Wind consists of air mole- 
cules in motion. When those mole- 
cules strike an object, they impart a 
force (pressure) on the object that is 

proportional to their velocity. The total 
force on an object is the sum of the 
pressure per unit area multiplied by 
the total effective area of the object. 

Paddles or cups mounted to a rotor 
can be used to convert the wind force 
into torque. That torque can then be 
used to turn a wire loop or coil that is 

positioned between two permanent 
magnets (a DC motor or generator) to 
produce a voltage that is propor- 
tional to the torque or wind speed. 

The resulting voltage can then ne pro- 
cessed and displayed on a DO am- 
meter (calibrated to read miles per 
hour, mph, instead of amps) as wind 
velocity. 

That is the essence of the ane- 
mometer described it this article. The 

author used a simple DC motor as the 
generator. A rotor was then fabricated 
from parts obtained locally, aid com- 
bined with the generator. 

To calibrate the generatorirotor as- 

sembly, it was mounted on a board 
that was, in turn placed on top of the 
author's var. On a windless evening, 
the van was driven at speeds ranging 
from 5 to 45 miles per hour (MPH) in 5 

MPH increments. The generator's out- 
put voltages were measured at vari- 
ous vehicle velocities, using a high - 
impedance voltmeter. The measure- 
ments were recorded, and data was 
then statistically processed and used 
to develop the graph shown in Fig. 1. 

As shown, the generator's ourput volt- 
age varied linearly from 0 to .300 milli- 
volts (mV) over the vehicles speed 
range (0 to 45 mph). 

A Look at the Circuit. Figure 2 is a 
schematic diagram of the Ane- 
mometer. That circuit, which is shown 
separated into two parts (the pro- 
cessor and the monitoring circuit) is 

Build this simple and inexpensive wind -speed 
measuring device and become your 
own meteorologist 

Build an 
Anemometer 
BY BOB SIMCOX 

compnsed of the generator (denoted 
MOTI in Fig. 2), an LM324 quad op- 
amp (U1, whose individual op -amps 
provide pre -amplification, integra- 
tion, and buffering), a pair of light- 
emitting diodes (LEDI and LED2), a 0- 
to 15 -mA meter (M1), and a few sup- 
port components. 

A reed relay (K1) and decoupling 
capacitors (C :1 and C3) were in- 
cluded in the processor portion of the 
circuit to insure that the generator 
voltage was not applied to the 'nput 
op -amp before the ± 9 -volt supply 
voltages were present. 

The input to the circuit (the voltage 
derived from the generator) is fed 
through K1 to he non -inverting input 
of op -amp U1 -a. The output of U1 -a is 

then fed to the inverting input of U1 -b, 
whose output is then fed to the invert- 
ing input of U1-c. The output of U1 -c is 

then fed to the final op -amp stage, 
111 -d, which is configured as a voltage 
follower. The output of U1 -d is fed 
through a voltage divider network 
consisting of three fixed resistors 
(R10 -R12) and a potentiometer (R13), 

to the DC ammeter, Ml. That resistor 
string allows the meter to be set for 
full -scale deflection at 45 MPH. Switch 
S1 (a rromentcry- contactDPDTunit) is 

used to initiate a measurement. 
Power for the circuit is provided by a 
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Fig. I. The generator /rotor assembly was mounted on top of the author's van, which 
was driven at speeds ranging from 5 to 45 miles per hour (mph) in 5 -mph increments 
on a windless evening. The generator's output voltages- measured at various vehicle 
velocities, using a high -impedance voltmeter -were recorded, and the data was used to 
develop this graph. 
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pair of 9 -volt transistor -radio batteries 
(BI and B2), to produce a ± 9 volts DC. 
That dual- voltage arrangement al- 
lows the output of the op -amps to go 
to zero volts instead of half of the sup- 
ply rail. Two LED's, LEDI and LED2, are 
used to monitor the positive and 
negative supply voltages (LEDI for B1 

and LED2 for B2). 

Electronics Construction. The 
electronics portion of the project was 
assembled in two parts called the 
processor and the monitoring circuit. 
The processor portion of the circuit 
was assembled in a small section of 
perfboard (approximately 11/2 x 2% 

inches), and enclosed in the gener- 
ator housing (more on that later). Re- 
sistor R3 in the processor board is 

actually a pair (3.3k and 15k) of series 
connected resistors. The monitoring 
circuit was hard wired on a barrier 
strip that was mounted in a 5- x 7- x 
2 -inch electrical breaker box. The Iwo 
portions of the circuit were then con- 
nected to each other through a 50- 
foot length of 4- conductor cable. 

Mechanical Construction. The rotor 
hub was fabricated from a 3/4 -inch x 
11/2 -inch bolt head. The required drill- 
ing and cutting is shown in Fig. 3. After 
all holes were drilled and the set- 

PROCESSOR BOARD 
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Fig. 3. The rotor hub was fabricated 
from a 3/4 -inch x l/ -inch bolt head. 
The bolt head was drilled (as shown in 
this diagram) and shaft of the bolt was 
cut off. The bolt head was retained as the 
rotor hub and the shaft was discarded. 

screw hole threaded, the shaft of the 
bolt was cut off and discarded. The 

bolt head was retained as the rotor 
hub. To assist in locating the holes, the 
faces and top of the bolt head were 
coated with a permanent marker 
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PARTS LIST FOR THE 
ANEMOMETER 

SEMICONDUCTORS 
U1 -LM324 quad op -amp, integrated 

circuit 
DI, D2- 1N4742 12 -volt, I -watt, 

Zener diode 
LEDI, LED2- Light- emitting diode 

RESISTORS 
(All fixed resistors are' V4 -watt, 5% 

units.) 
RI, R14, R15 -470 -ohm, I/2 -watt 
R2, R7 -R9 -1000 -ohm 
R3- 18,300 -ohm (see text) 
R4, R5- 22,000 -ohm 
R6- 220,000 -ohm 
RIO, R1I -100 -ohm 
RI2 -220 ohms 
R13 --25 -ohm potentiometer 

CAPACITORS 
Cl, C3- 0.1 -11F, ceramic -disc 
C2- 10 -µF, 35 -WVDC, electrolytic 

ADDITIONAL PARTS AND 
MATERIALS 

MOTI -9 -18 -volt DC motor (Radio 
Shack #273 -563), see text 

Ml 0 15 mA DC meter (Simpson 
SK- 525 -T2) or 0-15 -volt DC meter 
(Radio Shack #270 -1754), see text 

K1 -1 -amp, 12 -volt reed relay (Radio 
Shack #275 -233) 

SI -DPDT 6 -amp momentary- 
contact, toggle switch 

BI, B2 -9 -volt transistor -radio 
battery 

lerfboard materials, enclosure, IC 
socket, pegboard hangers, 
electrical box connector, 1/4 x 11 
inch bolt, soup ladle, set screws, 
sheet metal screws, I1/2-inch 
diameter PVC pipe, 11/2-inch PVC 
end caps, 1/2 -inch diameter 
electrical conduit, 3 x 1 x '- 
inch mounting plate (see text), 
epoxy, paint, 4- conductor wire, 
battery holder and connector, wire, 
solder, hardware, etc. 

and then scribed across opposing 
corners to locate the center of each 
face and the center of the top. 

Each of the three rotor spindles (see 
Fig. 4) were fabricated from 31/2-inch 
lengths of straight 1/4 -inch diameter 
peg board hanger. Once the peg 
board hangers were cut to length, the 
spindles were beveled (using a grind- 
er) to match the slope of the wind 
cups. 

The three wind cups were fab- 
ricated from 27/8 -inch diameter soup 
ladles. The ladle handles were cut off 
and discarded. The cups from the la- 
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Fig. 4. Three rotor spindles were fabricated from 31/2-inch lengths of straight 1/4-inch 
diameter peg board hanger, and the wind cups were fabricated from 27/8 -inch diameter 
soup ladles. 
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dies were clamped face down on an 
insulated surface. The spindles were 
then clamped so that the beveled 
edges contacted the wind cups - 
coplanar with the mouth of the cups 
and centered. A single setup was 
used for all three spindles. The spin- 

dle -to- wind -cup joints were then bra- 
zed and allowed to cool. The hub 
ends of the three spindles were flat- 
tened slightly to form a force fit when 
inserted in the 1/4-inch holes in the 
hub. The spindles were arranged so 

that all cups opened to the left when 39 



viewed from the top and were at right 
angles to the plane of the spindles. 
The three spindles were then brazed 
to the hub to complete the fabrica- 
tion of the rotor assembly. 

Generator Housing. The generator 
housing (see Fig. 5) was fabricated 
from a 41/8 -inch length of 11 -inch di- 
ameter PVC pipe, a 1/2 -inch length of 
electrical conduit, a 1- x 3- x 1/4 -inch 
strap, and Iwo 11/2-inch PVC end caps. 

First, the 11/2 -inch PVC pipe was cut 
to length and a 1 -inch hole was 
drilled through one wall at the center 
of the pipe (see Fig. 5). Next the 1/2-inch 

electrical conduit was brazed to the 1- 

x 3 x 1/4 -inch strap (as shown) to form 
the shaft and mounting plate. The 
shaft was then clamped to the hous- 
ing so that the hole in the wall of the 
housing matched the internal diame- 
ter of the conduit. That joint was then 
coated with epoxy putty so that a 
smooth 1/2- to 3/4 -inch radius fillet was 
established between the shaft and 
the housing. Next the top end cap 
was drilled and then cemented to the 
housing with PVC cement. The gener- 
ator was then mounted to the top 
cap. The mounting screws were 
coated with Eimers "Stix All" cement 
before installation. After mounting, 
the recessed counter bores were 
filled with "Stix All" for waterproofing. 

Once the generator housing was 
complete, the processor circuit was 
connected to the generator (MOTI) 
using a twisted wire pair. Sufficient 
slack was left in the cable and gener- 
ator wires so that the processor board 
could be removed from the housing 
for maintenance. Next, a 4- conductor 
cable was routed through the bottom 
1/4 -inch hole in the shaft, through the 
shaft, through the 1/2-inch hole in the 
housing to the processor board. After 
connecting the 4- conductor cable to 
the board, the board was placed into 
the housing behind the generator, 
and the bottom cap was pressed 
onto the housing. 

Holes for two #6 x 3/8 -inch sheet 
metal screws were drilled through the 
bottom cap into the PVC housing and 
the bottom end cap was secured to 
the PVC housing by the sheet metal 
screws. The entire assembly was then 
painted with silver epoxy paint. 

The Control Box. The control box 
40 was fabricated from a 5- x 7- x 2 -inch 

electrical breaker box (from the au- 
thor's junk bin). However any metal or 
plastic enclosure with a minimum size 
of 4 x 43/4 x 2 inches will do. 

The control box was prepared by 
drilling four mounting holes for the 
meter using a template provided with 
the unit. Three additional holes were 
then drilled along the right side of the 
enclosure, next to the meter, to ac- 
commodate LEDI and LED2, and the 
momentary contact switch. Grom- 
mets were placed in the two LED holes 
to make a snug fit. 

Next the meter has to be recali- 
brated for wind velocity. The rela- 
tionship between wind velocity in 
MPH and current in milliamperes is 

given by: 

X MPH /45 MPH Y mÁ/15 mA 

That equation was used to determine 
the new indices for the meter. 

Once wind velocity conversion was 
calculated, the cover plate was re- 
moved from the meter, the milliamp 
markings were covered using correc- 
tion fluid ( "White Out "), and wind 
speed in miles per hour were placed 
on the meter face with an indelible - 
ink marker. After that, the meter's 
cover plate was placed back on the 
meter, and the meter was then 
mounted to the enclosure. Note that 
while a Simpson SK- 525 -T2 0- to 15 -mA 
meter (also from the author's junkbox) 
was used in the prototype, a Radio 
Shack DC voltmeter ( #270 -1754) can 
be used if that unit's series resistor is 

removed. After that, the LED's were 
pressed into the grommets, and the 
momentary- contact switch was 
mounted just below the LED's. 

A five -lug tie -point barrier strip was 
mounted on the upper -right meter- 

Most of the monitor circuit was 
assembled inside an electrical breaker 
box on a five -lug tie -point barrier strip, 
and connected to the meter, the power 
source, switch and LED's via hook up 
wire. 

mounting screw, and the resistor chain 
(R10, R11, and R12) was mounted 
across the five -lug strip. The variable 
resistor, R13, was mounted through a 
5 /,6-inch hole in a "Z- bracket." The Z- 

bracket can be nothing more than a 
1- inch -wide strip of scrap metal bent 
at 90° angles in Iwo places; the bends 
should be about an inch apart. 

The battery clips were mounted on 
the inside surface of the panel using 
the two 1/8 -inch holes and were fas- 
tened with 1/8 -inch pop rivets. 

One end of a 4- conductor cable 
was brought into the box through a 1/2- 

inch electrical clamp. The metering 
section of the circuit was then con- 
nected to the sensor portion of the 
circuit via the 4- conductor cable. 

Testing and Calibration. The pro- 
cessor board and control box were 
bench tested using a 300 -mV source. 
The 300 -mV source was applied to 
the input of the circuit, producing an 
output of approximately 5.8 volts DC 
at U1 -a, approximately - 7.5 volts at 
U1 -b, approximately 7.1 volts at WI-c, 
and approximately 6.8 -volts DC at the 
output of U1 -d. The generator was 
connected to the input of the pro- 
cessor board and a test run was 
made with the sensor mounted on 
top of the author's van. 

Data from the test run was analyzed 
to determine that the resistor network 
should have a total resistance 450 
ohms; R13 was then adjusted using a 
digital meter, to bring the network to 
the required value. 

Variations. Design of the ane- 
mometer can be varied to accom- 
modate variations in the size or type 
of wind cups, the DC generator used, 
the meter used, etc. The critical issues 
are: adjust the gain of the operational 
amplifiers so that the dynamic range 
of the generator is within the linear 
range of the op -amps, adjust the gain 
of the circuit to drive the combined 
meter and resistor string, and cali- 
brate your unit using a similar process 
to the one used by the author. 

If you wish, ±9 -volt DC supplies 
could be used in place of the bat- 
teries to provide continuous display 
of wind speed. Also, the range of the 
meter could be increased or de- 
creased to customize the ane- 
mometer to measure wind speeds 
that are typical at your location. 



Obstacle- and collision -warning systems are a reality now, 

and we cover them here. 

Someday very "smart" cars may 
automatically travel down 
"smart" highways. Such robot 

cars are probably a long way off in 

the future, however the first "smart" 
devices that can detect obstacles 
and avoid collisions are now coming 
on the market. As you might expect, 
these systems use technology pre- 
vious developed for defense and 
aerospace applications. Let's look at 
them. 

Obstacle Detection. The Forewarn 
detection system makes a child's 
school -bus ride a bit safer. Forewarn 
was developed by Delco Electronic 
Corporation, a subsidiary of General 
Motors' Hughes Electronics. It uses two 
microwave radar units (see Fig. 1) to 
detect a child who might be in front of 
the bus and beside or underneath the 

BY BILL SIURU 

bus toward the curb side. Those are 
the two most dangerous areas 
around a school bus. If a child is de- 
tected, the driver gets both visual and 
audible warnings via a display unit 
near the driver. The system goes into 
operation whenever the stop -arm is 

extended and the bus is stopped. 
Microwave radar was chosen over 

other sensing techniques including ul- 
trasonic, infrared, and laser radar. Ac- 
cording to Delco, all three of those 
are degraded, or even fail, if 
obstructed by ice, snow, or mud. In 

addition, ultrasonic sensors can be 
blinded by heavy rain, and IR devices 
are temporarily blinded by bright sun- 
light. IR sensors can also fail to detect 
certain colors of clothing or not dif- 
ferentiate heavy clothing from the 
background under low- temperature 
conditions. Furthermore, both IR and 

laser radars can view only limited 
areas, thus requiring several sensors to 
provide suffiecent coverage. 

Forewarn was tested over an eight - 
month period involving 30 bus drivers 
in three school districts in Indiana. The 
system is easily retrofitted into buses 
already in service. With minor modi- 
fications, it could be used in large 
trucks and recreational vehicles as 
well. 

Hako International is already offer- 
ing a low -cost, easy -to- install system 
that can detect and warn you about 
objects when backing up. Its Reverse 
Alert Back Radar system consists of 
three components (see Fig. 2): the de- 
tector mounted on or under the rear 
bumper, the control box which can be 
located in the trunk, and the alarm 
unit in the vehicle. The detector is acti- 
vated when the vehicle is put into re- 

41 



42 

DETECTION AREAS: 

15 FEET SIDE VIEW k-- -15 FEET 

6-12 FEET k 

. ______ ' TOP -DOWN VIEW 

Fig. 1. Shown here are the detection areas monitored by the Forewarn two- sensor 
system. Note the protection corridor on the curb side of the bus. 
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Fig. 2. Shown in A are the protection perimeters of the Hako International Reverse 
Alert Back Radar System. The positions of its key components, and the components 
themselves are shown in B and C. respectively. 

verse. The "1st Alert' (an intermittent 
tone) is sounded when an object is 

within a range of 3 -to -7 feet behind 
the vehicle. The tone becomes con- 
tinuous, when the object is within 3 
feet. 

According to Hako, the ultrasonic 
system will work in heavy rain, snow, or 
fog provided the sensor's window is 

kept clean. The system with one sen- 
sor for use on a car, minivan, or small 
truck sells for $119. A two -sensor sys- 
tem, as needed for large vans and 
trucks, costs $155. 

As the name implies, BMW's Park Dis- 
tance Control (PDC) system makes 
parking easier and safer. PDC uses 
four "very ultrasonic" sensors placed 
in the front and rear bumpers (see Fig. 
3). The sensors are positioned to 
monitor the entire area around the 
front and rear of the car at distances 
up to 1.5 meters (4.9 feet). 

PDC is activated when the driver 
shifts the vehicle into reverse. It re- 
mains active until the vehicle reaches 
a forward speed of 30 km /hr (19 mph) 
or until the car has moved about 50 
meters (164 feet). The driver can man- 
ually control the system by a switch on 
the console. For example, the system 
can be kept operating for longer dis- 
tances or at higher speeds by flipping 
the switch. 

PDC uses a CMOS single -chip mi- 
crocomputer with a 4K ROM and 176 - 
byte RAM memory that selects and 
activates sensors, generates the ultra- 
sonic signal, analyzes the measure- 
ments, and performs system control. 
The individual ultrasonic sensors have 
an oscillating piezo- ceramic detector 
sealed in a membrane and are 
mounted with special separation and 
damping techniques. They are tem- 
perature compensated as well. 

As soon as the sensors detect an 
obstacle via a reflected echo, addi- 
tional measurements are made to 
determine the distance. Fitters in the 
computer software validate the re- 
flected signal. After the information 
has been processed, the two sound 
emitters, one at each end of the car's 
interior, start sounding. As the car 
comes closer to the obstacle, the 
sound becomes more frequent. At a 
minimum predetermined distance, 
the sound becomes continuous. The 
signal stops as you start moving way 
from the obstacle. 

Safety First Systems Ltd. has de- 



veloped a Back -Up and Lane Chang- 
ing Warning System. The system uses 
FM -CW radar to help eliminate blind 
spots when backing up or changing 
lanes (see Fig. 4). The system can de- 
tect both stationary and moving ob- 
jects at distance of up to 40 feet with a 
relative range resolution of 0.6 feet. 
That means objects such as children, 
cars, trucks, bicycles, and telephone 
poles are detected. 

The transmit /receive antenna con- 
sists of a dual, bistatic microstrip- 
patch design that is mounted on the 
rear and sides of the vehicle. The 
radar operates at 10.525 GHz with a 
50 -MHz bandwidth. Its low average 
power (about 50 microwatts), 3% duty 
cycle, and narrow IF bandwidth pre- 
vent interference with other similar 
units that might be operating in the 
vicinity. The area of detection is divid- 
ed into four zones of detection (0 to 6 
feet, 6 to 12 feet, 11 to 20 feet, and 
over 20 feet). This capability permits 
multiple- object recognition and dis- 
crimination with a very low false - 
alarm rate. 

The system detects obstacles to the 
rear when the vehicle is put into re- 
verse. Next -lane obstacle detection is 

activated with the turn signal. The FM- 

CW method, can be adapted to 
other frequencies and bandwidths, 
and can provide detection and dis- 
crimination between multiple station- 
ary and moving objects. In addition to 
range, relative velocity can be deter- 
mined. Object position may be tri- 
angulated for cross -range position 
information, too. 

Collision Avoidance. Studies done 
by Diamler -Benz a few years ago 
showed that giving a driver a split - 
second of warning could reduce 
rear -end collisions by 60 %, intersec- 
tion accidents by 50 %, and head -on 
crashes by 30 %. There are several sys- 

tems appearing now that can pro- 
vide that warning. 

The VORAD Vehicle Collision Warn- 
ing System for cars, buses, and heavy - 
duty trucks (see Fig. 5) is offered by 
Eaton VORAD Technologies. VORAD, 
which stands for Vehicular On -Board 
Radar, uses a low -power (about 20 
watts for the entire system) microwave 
radar to simultaneously track up to 20 
moving or stationary objects. The sig- 
nals are relayed to the system's cen- 
tral processor, which continually 
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Fig. 3. Detection zones for the PDC system tend to be tight around the front of the 
vehicle, but less snug toward the rear. 

This is the forward Forewarn radar transmitter /receiver, which mounts on the front of a 
school bus. It warns drivers of children that are out of sight. under the hood line. 
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Fig. 5. Once VORAD equipment is installed in an automobile, it provides both 
44 forward, and blind -spot detection. 

analyzes the relative speed and dis- 
tance of the nearest three vehicles. If 
there is a potential hazard, such as 
another car braking suddenly, a warn- 
ing is given via lights on a dashboard - 
mounted control /display unit or by an 
audio speaker. VORAD has a corn - 
putational rate of over 10- times -per- 
second providing drivers with greater 
reaction time under poor -visibility 
conditions such as darkness, dense 
fog, dust, or smoke. 

The driver can adjust both the ad- 
vance- warning time and radar range 
to suit the driving conditions. While 
short distances are desirable in urban 
driving, the range can be increased 
up to 350 -feet for interstate condi- 
tions. The system will work on a host 
vehicle traveling at up to 120 mph 
and for closing rates of 0.25 to 100 
mph. 

A 1989 National Highway Transpor- 
tation Safety Administration (NHTSA) 
report concluded that sideswiping 
was the cause of 49% of the 2122 
accidents studied. Most occurred dur- 
ing left-to -right lane changes. Thus 
the VORAD can be ordered with an 
optional "blind spot' detector. This mi- 
crowave -radar sensor alerts the driver 
with a red light when a vehicle has 
entered the driver's blind spot and 
yellow one when the vehicle has 
cleared the area. If a turn signal is 

turned on when the red light is lit, a 
warning sound is emitted to indicate 
a hazardous situation. The forward - 
looking radar operates at 24.125 GHz, 
whereas the blind -spot radar works at 
10.525 GHz. 

SmartCruise, not yet commercially 
available, will combine VORAD with 
the vehicle's cruise -control system to 
automatically maintain a fixed dis- 
tance from any traffic ahead. When 
traveling at a set speed and you ap- 
proach slower traffic, the adaptive 
cruise control automatically slows the 
car down to maintain a safe distance 
from the traffic. 

The first major user of the VORAD 
system is Greyhound Lines, Inc. All of 
the 2400 buses in its fleet will even- 
tually be equipped with it. Their verson 
warns if: the preceding vehicle is less 
than a minimum of five seconds away, 
the driver is overtaking another vehi- 
cle too rapidly, the vehicle ahead 
suddenly decelerates, or if another 
vehicle is occupying the blind spot on 
the right side when changing lanes. 



Also included is an Accident Re- 

corder-a "black box" that records 
the last 10 minutes of driving for acci- 
dent reconstruction by law- enforce- 
ment officials and insurance ad- 
justers. Incidentally, accident recon- 
struction by such means is becoming 
more important as anti -lock braking 
systems (ABS) become more widely 
used. That's because ABS- equipped 
vehicles leave faint, if any, skid marks, 
so it is very difficult to determine pre - 
accident conditions. Also included on 
the Greyhound installation is VORAD's 

integral trip recorder, which monitors 
idle time, the average and maximum 
speeds, the average following dis- 
tance, the number of hazard warn- 
ings given to the driver, and the 
distance traveled. The Greyhound 
fleet averages 200 -million miles an- 
nually and the company expects the 
VORAD vehicle -collision warning sys- 

tern to cut accidents by 25 %. 

Vehicle Radar Safety Systems, Inc. 
(VRSS) is now offering its VR -1000A 
Rashid Radar Safety Brake collision - 
warning system for after- market in- 
stallation on cars and trucks. The sys- 

tern consists of three main compo- 
nents. A miniaturized, 3 -inch diameter 
microwave radar is mounted at the 
front of the vehicle as high or higher 
than the front bumper. The brain of 
the system is a microprocessor that 
interprets signal returns from the radar, 
performs all computations, and sends 
commands to the Dashboard 
Monitor. Uninstalled, the system costs 
under $1000. 

The radar sends out a narrow - 
beam signal so the system only de- 
tects objects in the path of the vehicle 
and reacts only to those objects that 
pose a potential hazard. The system 
discriminates and ignores roadside 
objects such as road signs, buildings, 
stoplights, parked cars, and bridges. 
The system can also handle guardrails 
and signs while driving on curved and 
winding roads. According to VRSS, the 
system will work in the day or at night, 
and in all types of weather conditions, 
including fog, rain, sleet, snow, and 
even smog. 

The signal processor constantly 
computes vehicle speed, distance to 
an object, difference in speed be- 
tween the vehicle and an object, and 
"relative motion" (that is if the vehicles 
are changing speed with respect to 
each other). By evaluating that data, 

These are the components of the Rashid Radar Safety Brake Collision Warning System. 
Shown are the dashboard monitor (left), electronic signal processor (center), and 
microwave radar antenna (right). 

the system determines the type of 
warning the Dashboard Monitor will 
provide. Those include a precaution- 
ary yellow alert when your vehicle's 
speed is greater than that of the ob- 
ject ahead. If you continue to ad- 
vance on the object, a red warning 
signal and a buzzer tell you to slow 
down, brake, or steer clear. If you are 
still advancing on a collision course, 
the buzzer will) continue and the final 

Sources of Information 

BMW of North America 
300 Chestnut Ridge Road 
Woodcliff Lake, Ni 07675 
Tel. 201- 307 -3790 

Delco Electronics Corporation 
One Corporate Center 
Kokomo, IN 46904 -9005 
Tel. 317- 451 -5407 

Eaton VORAD Technologies 
10802 Willow Court 
San Diego, CA 92127 
Tel. 800- 782 -7825 or 619- 674 -1200 

Hake International 
311 Ohua Ave #505E 
Honolulu, HI 96815 
Tel. 808- 922 -6489 
FAX: 808- 924 -7313 
or 
P.O. Box 7698 
Arlington, VA 22207 
Tel. 703- 549 -1797 

Safety First Systems, Ltd. 
550 Stewart Avenue 
Garden City, NY 11530 

Tel. 516 -227.2440 FAX: 516- 227 -2427 

Vehicle Radar Safety Systems, Inc. 
Town Square Building, 10 South Gratiot 
Mt. Clemens, MI 48043 
Tel. 313 -463 -7883 

"Danger" light will come on. When a 
danger comes up suddenly, such as a 
vehicle swerving into your path, all the 
lights and the buzzer come on at the 
same time. 

While the VR -1000A comes on when 
the you turn on the ignition, it does not 
start working until you are traveling at 
about 10 mph. This precludes interfer- 
ing when parking or while maneuver- 
ing in tight quarters. The system also 
recognizes bumper -to- bumper traffic 
and does not provide continuous 
warnings just because other vehicles 
are always in your path. Instead, the 
system still monitors speeds and dis- 
tances, but only provides warnings 
when these factors indicate that you 
should take action to avoid a collision. 
By having a 30 -mph speed- differen- 
tial threshold, warnings will not be 
given when vehicles approach from 
the opposite direction on a two -lane 
highway. 

Though not available yet, VRSS is 

also working on an advanced unit 
that will include a Braking Assist Sys- 

tern. With it, if you fail to heed or can- 
not heed the warning of an 
impending collision, a "Decel" light 
will come on to let you know the sys- 

tern is decelerating the vehicle. If 

braking is also required, the Brake light 
comes on indicating that the brakes 
are also being applied, as needed, 
by the system. 

Even this first wave of "smart" add - 
ons for vehicles can offer dramatically 
improved driving safety. We eargerly 
await the next wave: totally smart cars 
and highways. 45 



The Robix 
A 

B 

great learn ing tool that's lots of fun 
to 

MSaPnWAuse. 

Robot-Construction 
Leisure time is a precious com- 
modity these days. With the 
economy the way it is, most of 

us-at least those who have to work 
for a living- barely have enough time 
to do enough work to make enough 
money to pay all the bills. And that 
means that most of us just don't have 
time to play with "toys." 

However, the Robix RCS -6 Con- 
struction System from Advanced De- 
sign, Inc. (1101 East Rudasill Road, 
Tucson, AZ 85718. Phone: 602 
544 -2390, Fax: 602 -575 -0703) is no 
toy. It is a serious educational tool that 

46 also happens to be a lot of fun. 

The RCS -6 robot -construction set 
lets you build custom robot arms that 
you control from a PC. A pre - 
assembled interface unit lets you con- 
nect the arms to the PC's printer port 
with an ordinary printer cable. The 
arms can then be controlled man- 
ually or programmed to perform vari- 
ous tasks under computer control. 
And while the set is simple enough 
that it can be used by elementary - 
school kids, it's also sophisticated 
enough to hold interest at the universi- 
ty level. 

Although the RCS -6's price of $550 
might be a bit steep for many individ- 

uals, no science class or technical col- 
lege should be without one. Students 
at all levels would probably find the 
RCS -6 to be the best class activity of 
the year. And for those parents that 
can afford it, the RCS -6 is a much bet- 
ter mind -sculpting investment than a 
Sega Genesis or Super Nintendo 
game system. 

What's it Good For? Children's 
toys -good ones, anyway -are de- 
signed to help develop strong minds, 
and many of them actually help kids 
develop career interests. The same 
can be said of the RCS -6, except that 



The Robix RCS -6 robot -construction kit comes wide everything you need to build many 
different types of robot arms. Included are 6 servo motors, two different bases, a 
variety of clamps and joints, an instructional video, basic tools, and more. 

For ease of access and storage, the Robix kit comes housed in a rugged tackle -F pc 
box as shown here. 

the RCS -6 will probably inspire just as 
many career changes as it will first - 
time careers. 

That's not to say that the RCS -6 is too 
complicated for kids under a certain 
age. There are plenty of children un- 
der the age of five that are more 
comfortable with computers than 
their parents. Besides, running some 
simple DOS -based software and con- 
necting a printer cable is all you have 
to do on a computer to use the RCS -6. 
The rest of it is similar to playing with an 
Erector Set. 

But even though the RCS -6 is edu- 
cational and fun, it is, once again, not 
just a toy. It can be a productive and 
useful tool, and is, in fact, used in in- 
dustry. For example, a General Electric 
R&D lab uses an RCS -6 robot to han- 
dle test tubes for feeding a gas chro- 
matograph. The RCS -6 is actually a 
quick, simple, and relatively inexpen- 
sive way to add robotic capabióties to 
many light -duty industrial applica- 
tions. That's because custom -made, 
single -purpose robots can be pro- 
hibitively expensive. 

What you get. The RCS -6 comes 
with Iwo different mounting bases, 
various sized anodized aluminum 
brackets, different types of clamps, 
and many accessories. Even the few 
required tools -a small Phillips screw- 
driver and an allen wrench -are sup- 
plied. There's even a pair of goggles 
to guard against the remote pos- 
sibility of eye injury during con- 
struction. To round things out, the set 
comes housed in a rugged tackle loco( 

that provides easy access to every- 
thing. 

The computer -interface unit is small 
in size and rests on the robot -arm 
base. It turns commands from your 
computer into control signals for the 
six servos. The interface also has Iwo 
on /off outputs that can supply up to 
150 milliamps of drive current for LED's, 

relays, solenoids, or whatever. Also in- 
cluded are 0- to 5 -volt analog- sensor 
inputs and an 8 -bit ND converter as 
well as simple oNoff switch -closure in- 
puts. While an AC adapter for the in- 
terface is included, you do have to 
supply your own printer cable to con- 
nect the interface to your computer. 
However, you probably already have 
the printer cable if you already have 
the required PC. 

Which brings us to the computer. 
Although you need a computer to 
control the RCS -6, a lowly 4.77 MHz PC 
is all the computing power you'll 
need. If you don't already have an old 
PC clone, and can't find one that 
someone has put out for the garbage 
men, you can certainly purchase one 
for much less than the price of the 
RCS -6. 

The RCS -6 comes with enough 
parts to make all different kinds of 
arms - though not all at once -with 
up to six motorized joints, or elbows. 
The motors are actually Futaba 5148 
hobby servos, which can be readily 
replaced if the need ever arises. The 
servos provide a good degree of pre- 
cision to any arm movement, al- 
though they can get the "shakes" 
when they try to maintain a steady 
position under load. 

Quite often people are hesitant in 
using anything that connects to a 
computer, and on top of that the 
RCS -6 can seem intimidating at first 
simply because of all the parts in- 
cluded in the set. Fortunately, a VHS 

videotape that is supplied along with 
the instruction manual dissolves all 47 
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Fore! Although not the most serious application for the Robix arm, it is always up for 
a good game of golf. It is shown here teeing up its shot. 

fears one might have of using the set. 

Although you can start right out and 
build the robot arm of your dreams, it's 

best to start off by watching the video 
or following along with it, and build 
the example arm shown. It's a good 
way to familiarize yourself with the 
parts and how they're used. And they 
are very easy to use. Using the soft- 
ware is also explained in the video, 
and it turns out that the software, too, is 

simple to use. 

Building An Arm. When you set out 
to build an arm, you have to consider 
where you want to have movement 
and what sort of movement you want. 
You basically get to decide where you 
want the shoulders, elbows, wrist, and 
gripper. We built the arm demon- 
strated in the video, which makes use 
of all six servos. Aside from a few starts 
and stops, we were able to keep up 
with the assembly pace of the dem- 
onstration video, and had our arm as- 

sembled in about an hour. 
An important part of the assembly 

procedure is to properly dress the ser- 

vo wires so that none will be 
damaged by pinching or bind the 
arm's motion. Foam -rubber blocks 
and spiral wire wraps are included to 
help secure the wires. The servos are 
numbered 1 through 6 according to 
their position moving outward from 

up the software to run on your ma- 
chine and loads the driver. The soff- 
ware is relatively easy to use, and 
Windows -like in appearance. 

Various software consoles and 
menus let you control the arm from 
either the keyboard or the mouse. On 
the keyboard, keys 1-6 move servos 
1-6 in one direction, and the keys be- 
low them ( "gwerty'') move the servos 
in the opposite direction. The two rows 
of six keys below those control the ser- 
vos with much slower movement for 
more delicate maneuvers. Keys can 
be pressed individually or in com- 
binations. 

Any movement or combination of 
movements can be stored. The mo- 
tion can then be repeated with a key- 
stroke or mouse click. A motion 
sequence can also be stored as a 
macro that can be used to control the 
arm under higher -level software so 
that a PC can control an entire system 
incorporating a Robix arm to do some 
task. Also included. are C and Quick- 

The Robix arm at work in a GE research lab. 

the base. Their leads are connected 
to the interface outputs by a trial -and- 
error process. Connecting a servo 
leaa to any output on a live interface 
will make that servo come to life. Then 
its number can be noted and its lead 
plugged into the p°oper output. 

Software Control. The software 
comes on a single floppy disk, and 
both 31/2- and 51/4 -inch disks are in- 
cluded. A customizable batch file sets 

BASIC libraries to run your robots. 

Is It Worth It? We had a lot of fun 
building just one robot with the Robix 
RCS -6, and we barely scratched the 
surface. Surely, if you are interested in 
robotics you should do whatever you 
have to do to get your hands on one 
of these arms; it is a must -have learn- 
ing tool. Even better, it is one that 
could be put to useful work as in the 
GE lab mentioned earlier. 
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A CHRONICLE OF CONSUMER ELECTRONICS 

CD Harmony 
STUDIO 24 CD MANAGEMENT SYS- 

TEM MODEL DAC -2403. Manufactured 
by Fisher Audio /Video, 21350 Lassen 

Street, Chatsworth, CA 91311 -2329; 
Price: $299.95. 

It's true confessions time: As teenagers, 
we (well, at least some of us) used to stack 
our LP's, letting them drop and spin on top 
of each other, so that we could have a 
couple of hours of uninterrupted music 
while studying, or partying, or just hang- 
ing out. Yes, we knew it was bad for the 
records, but stopping what we were doing 
every half hour was just ... such a drag! 
(That's one reason that our album collec- 
tion from the 1960's and 70's is in such bad 
shape!) 

A few years later, we got our first double 
cassette deck, which let us play tape A 
followed by tape B. Also, whenever we 
bought a new tape, we could play it in an 
endless loop, usually at high volume, 
much to our parent's dismay. 

When CD's became our music medium 
of choice, we immediately appreciated the 
extra cuts that could be squeezed on each 
disc. Furthermore, five- or six -disc 
changers provided unparalleled con- 
venience and the possibility of real long- 
time play without the risk of destroying the 
discs. 

It wasn't long, however, before we be- 
came disillusioned with those changers. 
One five - or six -disc carousel changer sim- 
ply couldn't accommodate our growing 
collections of discs. Cartridge -type 
changers allowed us to keep separate col- 
lections of discs, which is particularly 
helpful when two people with di- 
ametrically opposed musical tastes share 
one CD changer, but within those separate 
cartridges we could never remember 
which disc was in which spot. Besides, 
loading and unloading single discs was 
anything but convenient with a cartridge - 
style changer. 

We recently tested a 100 -disc changer 
(see Gizmo, December 1992). While it 

helped keep our CD clutter to a minimum 
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and allowed us unprecedented program- 
ming control, it had two major drawbacks. 
First, programming was a complex, time - 
consuming process that had to be redone 
whenever we wanted to swap discs. Sec- 
ond, and more important, it cost $4000! 
Although we loved the concept and the 
product, we could nver consider baying it 
for ourselves. 

Fisher is another company that recog- 
nized the appeal of greater disc capacity, 
but they also realized that a high price tag 
could outweigh any mass -market appeal. 
After studying EIA market research--CD 
changer sales are on the rise, with ca- 
rousel -style units claiming 72% of the 
changer market -and listening to con- 
sumer complaints about not being able to 
identify stored discs even in changers that 
hold a meager five or six CD's, the compa- 
ny set out to create a changer that was 
based upon the popular carousel style but 
enhanced by a larger capacity and the abil- 
ity to label stored discs -all at a truly 
affordable price. 

The result is the Studio 24 24 -disc CD- 
management system, which stores and 
plays up to 24 CD's, arranged in preset or 
user -input musical (or other) categories 
and subcategories. We tested the Studio 24 
as a separate component; it is also avail- 
able as part of a Dolby Pro Logic A/V rack 
system ($1199), or in mid -sized bookshelf 
systems ($699 $999). 

Studio 24 is taller than your typical CD 
changer, standing just over seven inches 
high. That added height is required to ac- 

commodate the unit o vertical, bi- direc- 
tional carousel. Discs are loaded, stored, 
and played vertically. According to Fisher, 
vertical loading "eliminates minute disc 
sagging that occurs in most conventional 
transports," vertical storage and play back 
"decrease wear on the discs," and vertical 
mounting of the laser pickup "minimizes 
the potential for dust accumulation on the 
pickup and the CD itself." 

Centered on the front panel is a vertical 
slot into which discs are inserted. To the 
left of the loading slot is the LCD readout, 
the power control, the disc -skip button, 
and the controls used to program disc cate- 
gories and subcategories, including a row 
of alphanumeric keys that double as disc - 
select keys. On the right side, directly 
opposite the display, is a window through 
which you can watch the vertical carousel 
in action. The standard PLAY /PAUSE, STOP, 

and SKIP /SEARCH buttons are located be- 
low the window, along with the buttons 
used for editing, selecting categories, time 
display, and loading and ejecting discs. 

Studio 24 walks you through the disc- 
loaiing process with prompts that appear 
on the display: "power on," "no disc," 
"load disc." "enter category." and so on. 
Anything that doesn't appear on the dis- 
play can be found in the quick -start bro- 
chure or the clearly written user's manual. 
A press of the LOAD /EJECT button is re- 
quired to open the slot. When a disc is 

parially inserted with the label side facing 
right, the Vertical Auto Load feature auto- 
matically retracts it into the carousel. 49 
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Studio 24's unique carousel vertically stores 24 discs, reducing the accumulation of 
dust and dirt on the discs and on the pick.ap. 

(We got a kick out of an electronic 
chain's commercial that ran during local 
broadcasts of Yankee games last summer 
and fall. The actor -and director-ob- 
viously didn't read any of the Studio 24 
instructions. Nor did he look at the icon 
imprinted on the front panel, which clearly 
indicates that the discs must be inserted 
with the label side facing right. He kept 
inserting the discs backwards!) 

Once the disc is inserted. you can assign 
it a number. category, and subcategory 
Studio 24 provides seven preset catego- 
ries: rock, country & western, rhythm & 
blues, jazz, easy listening, show tunes, 
and classical. Each press of the MAIN Enter 
Category button causes the categories to 
scroll through the display. Pressing the 
MEMORY button while a category is being 
displayed selects that category for that 
disc. Subcategories are selected in the 
same manner. 

Its also possible to create your own 
categories and subcategories, each con- 
taining up to eight characters. If your en- 
tire CD collection is rock, for instance. 
you might insert the band's name as the 
category, and the album title as subcatego- 
ry. If two or more family members use 

Studio 24, each person might want to use 

his or her own name as the category, with 
music type or artist's name as the sub- 

Senior Writers: Chris F. O'Brian, Teri 
Scaduto. tGernsback Publications, Inc, 
1993. Gizmo is a registered trademark. All 
rights reserved. 

Studic- 24 is also availab'e in an audio 
v?deo rack system featuaing Dolby Pro 
Logic (top), and in a bockshelf system 
(bottom). 

categ( I,. The possibilities are limited only 
by the 8- chara2ter maximum, which leads 
to some creative abbreviating. We used 
' WI TL1Ll'1' to represent the first disc of 
the Beatles` White Album, and "BIRD - 
LIVE" fora live recording of Charlie Par- 

ker. 
In families with diametrically opposed 

tastes, the ability to program categories 
comes in handy. For example, pressing the 

MAIN category select button until 
"MOM" appeared in the display, and then 

the PLAY /PAUSE button, a mother would 
hear only those discs labeled with her 
name. After playing all of them, the 
changer would stop. If Mom felt like lis- 
tening to only country- and -western tunes, 
she could further specify the discs by se- 
lecting only those with Mom as a category 
and C&W as the subcategory. All standard 
CD- player functions work within specific 
categories and subcategories, including 
random play. 

Labeling is done with a row of ten but- 
tons, each of which represents a number 
and three letters or symbols. Press the "1" 
button once for the number one, twice for 
"A," three times for "B," and four times 
for "C." It's not the most elegant or effi- 
cient method, but you get the hang of it in 
no time. Once you've entered a 

customized category -your name, for in- 
stance -that label will be added to the 
presets. Then you can choose it as you 
would any preset category. 

Once all the discs are labeled, you can 
easily tell which is which by keeping your 
eye on the display as you repeatedly press 
the DISC SKIP button. As each disc is se- 

lected, its category and subcategory scroll 
across the display. 

Categories and subcategories are stored 
in nonvolatile memory, so they won't dis- 
appear if the power is turned off. In fact, 
they remain associated with a particular 
disc number until you erase them, even if 
you've swapped the disc in that slot. For 
that reason, it's important to relabel discs 
as soon as they're inserted, particularly if 
you're a teenager swapping the latest Nir- 
vana disc for your mother's James Taylor's 
Greatest Hits. 

You can get still more selective using 
Studio 24's programmed -play mode, 
which allows you to program your favorite 
tracks. Up to 48 tunes from the 24 discs 
can be entered in a program, using the 
MEMORY, DISC SELECT, and FAST FORWARD 

buttons on either the panel or the remote 
control. 

For dubbing, two edit modes are pro- 
vided. It's possible to do time -edit record- 
ing, in which the tracks on a disc are 
rearranged to best fit on the two sides of a 

cassette; or program edit recording, in 
which you specify the order of the songs 
and blank spaces are inserted at the end of 
each side to make them fit. There are no 
provisions for automatically recording 
songs from more than one CD onto a tape. 
Of course, it can be done manually, using 
the programmed play mode and determin- 
ing the time allotment on your own. 

We put Studio 24 to use in a number of 
ways. It fortuitously arrived the day before 
we were to host a barbecue /reunion for 
some old friends visiting from out of town. 
Although we didn't have time to do any 
fancy programming, we loaded it up with 

(Continued on page 53) 



No Time for 
Arguments 
TV ALLOWANCE MODEL 100 TELEVI- 
SION TIME MONITOR. Manufactured 
by MindMaster, Inc., 7400A Red Road, 
Suite 21, South Miami, FL 33143. Price: 
$99. 

When we were kids, our television view- 
ing time was severely limited by our par - 
ents-no questions asked! The time we did 
spend in front of the tube was often family 
time, as we all gathered to enjoy every- 
thing from The Ed Sullivan Show to Laugh 
In, and from Bonanza to Star Trek. When 
not watching TV, we kids didn't need 
much encouragement to pick up a book, 
play outdoors, or pursue various hobbies. 

Things certainly have changed! Starting 
with the first generation that was raised on 
Sesame Street, right down to today's in- 
satiable Barney fans, television has be- 
come an integral part of children's lives, 
practically from birth. Parents might be- 
moan that fact but, in truth, they are at least 
partly to blame. After all, letting the kids 
watch The Little Mermaid or Teenage Mu- 
tant Ninja Turtles half a dozen times keeps 
them quiet for hours -and it's sure cheap- 
er than hiring a babysitter. Parents will 
take any help they can get, particularly 
when both work! Perhaps that's why chil- 
dren between the ages of 3 and 5 watch an 
average of 54 hours of television each 
week. 

Problems arise when those parents dis- 
cover that their TV- raised kids don't know 
how to entertain themselves when the 
TV's turned off. They've become hook- 
ed -and often not just to television, but to 
video -game playing as well. It isn't easy 
for those same parents who encouraged 
toddlers to sit quietly through their favorite 
videotapes to suddenly tell their school - 
aged kids that they're watching too much 
television! 

Tests administered recently to deter- 
mine the literacy level of American stu- 
dents revealed that those who watched the 
least amount of television (less than three 
hours a night) scored highest. Other stud- 
ies have shown that watching less televi- 
sion can lead to better reading skills and 
better grades for children. We're not sur- 
prised. After all, television is a passive, 
almost mindless, activity that encourages 
short attention spans and discourages cre- 
ative and physical activities. Few shows 
help kids develop the reading and writing 
skills that they need in school. Watching 
television discourages conversation and 
leads to family squabbles over which 
shows to view and how much time could 
be spent watching. 

But what's a parent to do? 

Parents use all sorts of ploys to keep 
kids away from the TV and the Nintendo - 
everything from threats to bribery. Putting 
reverse psychology to good use, one set of 
parents let their kids decide what they 
would watch. The children were instructed 
to carefully peruse TV Guide at the begin- 
ning of each week and circle everything 
they wanted to watch. The rules were that 
they could watch only the shows that 
they'd circled, but they were required to 
watch every circled show when irc aired - 
even if that meant staying home while the 
rest of the family went out to McDonald's, 
or missing a spur -of- the -moment trip to the 
beach or ball game, It wasn't long before 
those kids became very selective about 
their viewing! 

Unfortunately, that technique probably 
wouldn't work on real hard -core cases - 
those who would rather spend a Saturday 
afternoon watching professional wrestling 
than boogie- boarding and who would 
gladly pass up a Big Mac for Super Mario 
Brothers. 

When threats, bribes, and psychology 
fail, there is a technical solution worth 
trying. TV Allowance, the "television time 
manager" from MindMaster, Inc., is an 
add -on device designed specifically to 
limit the amount of time children spend on 
TV and video games. 

The concept is simple and straightfor- 
ward. Once the parents (and children, in 
more democratic households) determine 
an appropriate amount of viewing time per 
child (up to four) per week, the parents use 
their master code to input the timers). Each 
child is given his or her own four-digit 
code that is used to access the TV or video - 
game machine. As the child watches, or 
plays a video game, their "TV Account" 

is debited for each minute of viewed time. 
When ail the time is used up, the television 
shuts off and will not turn back on in 
response to that child's code until the fol- 
lowing week, when the account automat- 
ically rolls over and begins the next week's 
allowance. 

TV Allowance resembles an oversized, 
wedge -shaped, wired remote control. Its 
top panel features a four -digit LED dis- 
play, a row of four red and one green LED's 
(representing the four children and the par- 
ents, respectively), a numeric keypad, and 
several function keys. The bottom panel 
features a locked compartment that opens 
to reveal the battery holder (three "AAA" 
batteries provide back -up power for mem- 
ory settings) and an outlet for the televi- 
sion's power cord. If TV Allowance is 
unplugged, the TV won't work at all. Two 
keys to he compartment are provided for 
Mom and Dad. 

When TV Allowance is plugged into a 
wall outlet, and the TV is plugged into TV 
Allowance, the device controls the power 
flow to the television. That setup does not 
interfere with the operation of a VCR, 
cable bcx, or remote control. If there is 
time remaining in a child's account, the 
TV is allowed to come on after the proper 
code is entered. It is prevented from work- 
ing when no time remains. 

After installation, several setup steps 
are required. TV Allowance prompts the 
users through the set -up process by dis- 
playing various messages. The blinking 
"12:00" that appears when the batteries 
are installed obviously means you should 
set the time. When that's done, the display 
reads "day." TV Allowance is set weekly, 
with the programming day designated as 
day 1. Next, the. display flashes "PA," 51 
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urging you to choose and input the parent- 
al code. That's followed by "Cl" through 
"C4" for the children's codes. "Al" 
through "A4" are the prompts for pro- 
gramming the weekly time allowance for 
each child. Each access code must contain 
four digits; each weekly time allowance 
cannot exceed 99 hours and 99 minutes. 

The front -panel CODE and ALLOW keys 
can be used at a later date to change a 
child's code (in case security is breached, 
and one child discovers a sibling's code) 
and allowance time, respectively. The 
FORCE key can be used to change the time 
remaining in this week's allowance, with- 
out changing the basic weekly time allot- 
ted to that child. That can come in handy 
when a teacher assigns a PBS show to be 
watched as "homework," or, perhaps, as a 
high -tech method of grounding. To help 
kids decide if they really want to watch a 
show, they can press the LOor< button, to 
see how much time remains in their ac- 
counts. A save feature allows each child to 
accumulate unused viewing hours, either 
to use the following week, or to save up to 
meet some pre- determined goal. 

Several features prohibit kids from gain- 
ing parental access to the unit. The master 
parental access code can only be changed 
when in the parent mode -which you 
can't enter without knowing the master 
code that is currently in effect. To aid 
forgetful parents who leave the TV Al- 
lowance unattended in the parent mode, it 

automatically exits parent mode after one 
minute. If both parents are truly absent- 
minded and manage to forget the parental 
access code, a new code can be pro- 
grammed only by unplugging the unit, 
opening the rear panel using a key, remov- 
ing the batteries to clear the memory, and 
then starting the programming process 
from scratch. (We're not sure what to do if 
you both forget your code and lose your 
keys!) 

To encourage good habits, it's possible 
for parents to create "no- viewing" time 
periods. If, for instance, the kids are ex- 
pected to do their homework between 4:00 
and 6:00 each day, that time period can be 
blocked using the time -interval lock -out 
feature. Up to three lock -out periods can 
be set for various ranges of days. While in 
parent mode, first the LOOK button and 
then the FORCE button must be pushed to 
begin programming lock -out times. TV 
Allowance then prompts the user to enter 
the beginning and ending days and times 
of the lockout period. Parents might also 
consider locking out late -night viewing by 
locking out midnight to 6 AM. 

Parents, of course, can watch TV any- 
time they want, by entering the four -digit 
master access code and then pressing the 
ENTER key. 

If the entire setup sounds rather au- 

(Continued on page 58) 

Is This the Party 
to Whom I Am 
Speaking? 
PHONEDEX AUTO -DIALING CARD 
FILE MODEL CE -8850. Manufactured by 
Hyton Products, 13905 Artesia Blvd., 
Cerritos, CA 90701. Price: Between 
$100 and $150. 

It might be a sign that our lives are too 
busy. Or perhaps it's an early symptom of 
aging. Whatever the reason, our memories 
seem to be playing tricks on us lately. We 
find ourselves calling our cats -and, more 
embarrassing, our friend's children-by 
the wrong names. We keep on hand a stack 
of belated birthday cards because we rou- 
tinely forget to mail out cards on time (and 
lately we haven't been doing too well get- 
ting the belated ones stamped and into a 
mailbox!). 

The problem is most obvious, however, 
when we use the phone. We can recall the 
phone numbers of childhood friends who 
we haven't called in years, but we have to 
pull out the phone book every time we 
order pizza (once a week), reserve a table 
at our favorite restaurant (twice a month), 
make an appointment for a haircut (every 
six weeks), or call Grandma (no where 
near as often as we should). After several 
years of one -button speed -dialing our 
closest friends and relatives, we no longer 
know by heart even those frequently called 
numbers, and there isn't a single business 
call that we can make without consulting 
our trusty, if somewhat haphazardly ar- 
ranged, card file. Having ascertained the 
correct number, if we don't fall prey to 
dialing dyslexia, we just might "reach the 
party to whom we are speaking." 

Hyton Products' Phonedex Auto -Dial- 
ing Card File solves those problems - 
although it won't do anything to improve 
your memory -by bringing the good old 
card file into the information age. The de- 
vice allows you to see all the information 
on a business card while the phone number 
is scanned into the device and dialed auto- 
matically. Up to 500 user -programmed 
phone numbers can be stored in its 64K 
memory. The Phonedex itself also serves 
as a speaker phone. 

Measuring approximately 
11(L) x 6(W) x 2(H), Phonedex resembles 
a cross between an answering machine and 
a card file. The top of the device houses a 
card tray that can hold up to 500 cards. The 
sloping front panel features a speaker; a 
microphone; a one -digit LED display; a 
vertical row of LED's that serve as in -use, 
programming, tone /hold, and low- battery 
indicators; and four buttons labeled PROG, 

DIAL, HOLD /PAUSE and SP- PHONE. A vol- 

ume- control dial is located on the right 
side of the unit. 

The scan -reader slot runs across the 
Phonedex between the front panel and the 
card file. Each of the 500 cards supplied 
with the auto-dialer has a unique identity 
as defined by black squares along its bot- 
tom edge. Once the Phonedex has been 
programmed to associate a card with the 
appropriate phone number, the card need; 
only to be inserted in the reader slot. Then 
the Phonedex uses "EncodeSensing" 
technology to recognize the card and auto- 
matically dials the number stored in mem- 
ory. 

Installation is a simple matter. The 
Phonedex is plugged into an AC outlet and 
into the modular jack for a single -line 
phone. A telephone is then plugged into 
the jack on the back of the Phonedex. 
Unfortunately, a two -line phone (the life- 
line of many a home office!) will not work 
properly when plugged into the 
PHonedex. It can, however, be installed to 
auto -dial a fax machine, and it won't inter- 
fere in phone /fax or phone /answering -ma- 
chine setups. 

Programming the phone numbers into 
memory is not much more difficult than 
dialing those numbers. A Phonedex card, 
on which all pertinent information (name, 
address, etc.) has been recorded, is inser- 
ted into the reader slot. After picking up 
the phone receiver and pressing the front - 
panel FROG key (at which point the LED 
labeled FROG lights), the telephone keypad 
is used to input the phone number. Each 
digit of the number is displayed in the LED 
readout as it is input. To complete the 
process, the phone is hung up and the FROG 

key pressed once again. 
The number can be verified while the 

card is still in the reader slot by holding 
down the HOLD /PAUSE button and watching 
the LED display. The numbers that have 
just been programmed will appear, one by 
one. If you discover that you've made a 
mistake, simply repeat the programming 
process using the correct phone number. 

It takes only a few seconds to program 
each phone number. The rest of the setup 
process could take a few minutes or a few 
hours, depending upon how many num- 
bers you program, and whether you decide 
to re -write all your cards or to simply at- 
tach the old ones to the auto -dialer cards. 
In fact, the most difficult part of the whole 
process just might be transferring the in- 
formation from your old phone book or 
card file to the new one. But even that isn't 
too bad. Fortunately, the cards supplied 
with the Phonedex measure a generous 
3 x 5 inches; that's large enough that you 
can attach a business card or even the 2' 
x 4 -inch cards that probably fill the stan- 
dard card file that you now use. 

After the unit is programmed, dialing is 
a simple two -step process. The correct 



card i. pulled from the card file and inser- 
ted in the reader slot. Then the DIAL button 
is pre-,ed. The Phonedex automatically 
dials the correct number. 

There are some cases, however, in 
which some additional steps might be 
needed, due to special requirements of 
your long -distance service or telephone 
network. The Phonedex provides two ways 
to handle such cases. 

If your phone system requires that you 
dial a number or string of numbers to ac- 
cess an outside line, or if your long -dis- 
tance carrier requires additional numbers 
to process your calls, the Phonedex's 
PAUSE button can be used to insert a 3.5- 
second pause in the automatic dialing se- 
quence. For instance, you might program 
in the number 9, and then a pause before 
the actual number. Or you might program 
in your local access code, followed by the 
two pauses that are required for a computer 
tone from your long -distance service, and 
then input your authorization number fol- 
lowed by the phone number. For each card, 
up to 31 digits can be entered. 

Some telephone networks require that 
you wait for an operator's prompt before 
entering additional numbers. In such 
cases, the Phonedex allows "chain dial- 
ing." lf, for instance, after the call goes 
through you are asked to input an exten- 
sion, you can program two separate cards, 
one with the number and the other with the 
extension. After you've dialed the number 
using the first card, replace it with the 
second to auto -dial the extension. In that 
case, you could keep the two cards paper- 
clipped together in the card file. If your 
telephone network requires that you first 
enter your local access code for all calls, 
then dial the phone number, and then enter 

your authorization code, you can p-ogr;_t 
your local access code on one card an I 

your authorization number on another. To 
auto -dial using the Phonedex, you would 
insert the local- access -code card, followed 
by the phone- number card, and then the 
authorization -code card. The access and 
authorization cards could be stored at the 
front of the card file for easy access. 

Although the Phonedex is primarily an 
office /home -office tool, we can think of 
several other scenarios for its use. Older 
people who might have trouble reading the 
phone numbers printed on business cards 
or written in their phone books, and who 
might also experience difficulty with the 
small buttons on most telephones, can 
benefit from the Phonedex in two ways. 
First, they can write the person's name ìn 
large block numbers -or simply affix a 
photograph to the card. If they use the 
Phonedex as a speaker phone, they needn't 
bother with the phone at all. 

The device could also come in handy in 
the event of emergencies: Even very young 
children could be taught to locate cards 
with pictures of police, firefighters, doc- 
tors, or close family friends, whose num- 
bers could be auto -dialed in the event of an 
emergency. 

We do have a few complaints. A definite 
drawback for millions of home -office 
workers is the Phonedex's inability to op- 
erate conveniently with a two -line phone. 
We wouldn't mind so much if it could be 
used on even one of the two lines. Instead. 
its installation on line I caused line 2 to go 
completely dead. Another, relatively 
minor, complaint is that it's necessary to 
make up separate cards for each of a per- 
son's several phone numbers -home, of- 
fice, pager, car phone, and the like. That 's 

more an inconvenience than a major flaw, 

however. 
We wouldn't consider the Phonedex a 

necessity for home or office -it's simply 
not up there with fax and answering ma- 
chines. It is a handy device, however, and 
if one of your New Year's Resolutions is to 
get organized, you could make a good start 
with the Phonedex. 

FISHER CD CHANGER 
(Continued from page 50) 

an assortment of discs, heavy on nostalgic 
ones from the "old days," and simply 
pressed random play. How nice not to have 
to fuss with the music for the entire day! 
The unit itself was a big hit with a few 
people who had been considering upgrad- 
ing from a CD player to a CD changer, and 
with all the kids (who particularly liked 
being able to see the carousel rotate and 
the fact that when Studio 24 is turned off, 
the display says "good bye "). 

the next day, we were able to sit with the 
manual and our CD collections and decide 
which discs rated semi -permanent inclu- 
sion (in other words, being loaded and 
labeled) in the Studio 24's carousel. With 
twelve discs apiece, there was much less 
bickering than is usual when we try to load 
the 6 -disc changer in our car before a road 
trip! The most difficult part was deciding 
how to label the discs to make pro- 
grammed playback easiest. We definitely 
agreed use owner's name as the main cate- 
gory, but differed as to album title or music 
type for the subtitle. Fortunately, there was 
no need to settle our difference or work out 
a compromise -we each labeled our own 
as we saw fit. After that, we were able to 
listen as we pleased. (Translation: We nev- 
er had to be subjected to the other person's 
musical tastes.) Each of us used various 
programming methods at different times, 
depending on our moods. 

While we initially disliked the fact that 
Studio 24 retains disc information even 
when the disc is removed, we soon found 
that to be a convenience. If we felt like 
listening to a CD that wasn't on the pro- 
gram, it was easy to eject a disc and insert a 
the new one temporarily, without erasing 
the original disc's categorization. 

The only source of conflict occurred 
when one of us ejected the other's disc to 
listen to a new one, and forgot to replace 
the old one -and neglected to mention the 
swap to its owner. (We quickly learned to 
leave each other's discs alone.) 

Once we learned not to touch each 
other's discs, Studio 24 went a long way 
toward promoting harmony in a family 
with very different tastes in music, where 
arguments over listening material are a 
common occurrence. We suspect it could 
do the same in many other homes. 53 
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Phone Alone? 
THE STICK VOICE/FAX/MODEM CALL 
PROCESSOR. Manufactured by Multi - 
Link, Inc., 225 industry Parkway, Nich- 
olasville, KY 40356. Price: $119.95. 

More than 30 million Americans now 
work at home, and phones, fax machines, 
and computers make that possible. The 
telephone line is the vital link from the 
home office to the outside world. 

Many home -office workers opt to install 
a second telephone line, for several rea- 
sons. First, it allows a business call to be 
identified immediately so that calls can be 
answered in a professional manner (not by 
a couldn't- care -less teenager). It also al- 
lows a dedicated business answering ma- 
chine to be used. 

But many home offices and small busi- 
nesses find that a single separate business 
line is not enough! A fax machine is most 
useful when it is left on continuously, 
which requires that it has its own separate 
line. Yet another line might be needed for 
accessing on -line services, fetching e- 
mail, or perhaps uploading information to 
the main office or downloading data re- 
motely. 

Unfortunately, the cost of installing and 
maintaining separate telephone lines can 
be prohibitive for small businesses. The 
monthly charges add up quickly -even 
when the phone line is used only to receive 
incoming calls. Multi -Link, Inc., offers a 
potential solution to people who commu- 
nicate over telephone lines using more 
than just a phone. It's a voice /fax /modem 
call processor called The Stick. The Stick 
screens incoming calls and routes them to 
the right equipment. The four output jacks 
on the Stick allow calls to be routed to two 
pieces of voice equipment, a fax, and a 
modem. 

(We're unsure of how Multi -Link came 
up with the name for the device. Perhaps 
it's because of the utilitarian but attractive 
white plastic case is shaped something like 
a stick. But more likely it was named to fit 

an advertising campaign in which con- 
sumers are urged to "stick" it to their local 
phone companies by saving the cost of 
separate lines.) 

The Stick's main job is to screen incom- 
ing calls for the tones that are emitted by 
fax machines. We're not talking about the 
screechy noises you may have heard if you 
accidentally dialed a fax from your voice 
telephone. Autodialing fax machines emit 
an 1 100 -Hz tone every few seconds to iden- 
tify themselves as fax machines to the re- 
ceiving unit. The Stick also listens for 
Touch -Tone codes, which can be used to 
route calls to other devices such as mod- 
ems. 

The Stick can't listen for fax tones un- 
less it first answers the phone. After the 
Stick answers, it emits ring -back tones so 
that a voice caller isn't even aware that the 
call has been answered. If the Stick hears 
the fax tones, it mutes the call to the fax 
port. If it doesn't, it routes the call to the 
telephone port 

The Stick can be installed in a number 
of different ways depending on how the 
home or office is wired; not all features are 
available in all installation configurations, 
however. We'll look at some common in- 
stallation configurations. 

The simplest case would be an office 
with a single telephone wall jack and no 
extension phones. In that installation, the 
Stick would be plugged into the wall jack, 
and the phone, answering machine, fax, 
and modem would be plugged into the 
Stick, which means that all incoming calls 
would be muted through it. 

In such an installation, the Stick should 
be programmed to answer the call on the 
first ring. Fax calls would be muted to the 
fax machine almost immediately. On voice 
calls, the telephone would begin ringing 
with minimum delay. 

Most installations involve extension 
phones, and that can make the installation - 
configuration selection a little more diffi- 
cult. One way to install the Stick is to 
mount it at the interface jack where the 
phone line enters the house, and to hook 
your phone and other equipment to it. The 

existing telephone wiring that previously 
plugged into the interface would simply be 
plugged into the main voice -line port. But 
how would the fax, modem, and alternate 
voice equipment be connected? 

Unfortunately, that might require snak- 
ing wires through walls if the office is 
located far from where the phone line en- 
ters the house. It's not a solution for every- 
one. AIso, not all telephone interface jacks 
are installed where power is available; the 
Stick is powered via a wall -mount trans- 
former. 

One advantage of installing the Stick 
before any other phone equipment is that it 
provides what is called "barge -in protec- 
tion." A data (fax or modem) call can't be 
interrupted by an extension going off- 
hook. 

Yet another installation option is to plug 
the Stick into any single phone outlet. We 
would be most inclined to install it in our 
home office. The fax, modem, and office 
phone would be plugged directly into the 
stick. But, unlike in the first example, we 
would not want the Stick to answer on the 
first ring. If it did, we would never hear the 
extension phones ring on the office line. 
Instead, we would want it to answer on, 
say, the fourth ring. Incoming calls will 
ring on all office -line phones. If an exten- 
sion is not picked up, the Stick will answer 
after its programmed ring and route the 
call to the appropriate equipment. 

What happens if you pick up an exten- 
sion only to find that you've just inter- 
cepted an incoming fax call? You simply 
transfer the call to the fax port. The Stick 
allows you to transfer calls to any port by 
punching in a Touch Tone code. The pre- 
programmed code for transferring a call to 
the fax port is *2. So if you answer a fax 
call on an extension, punching in *2 will 
send it to the right place. 

Modem calls can't be recognized by an 
answering device, because a calling 
modem remains silent until it hears an 
answer tone from the modem it is calling. 
Remember, however, that Touch Tones can 
be used to transfer a call to any port. If the 
calling modem is instructed to dial the 
right transfer code (*3, for example), it can 
get to the right piece of equipment. 

A number of features can be pro- 
grammed in the Stick with touch tones. 
The procedure is relatively simple -as 
long as you keep the manual on hand. 
Some programmable features include fax- 
tone detection (on or off); transfer codes 
for the voice, fax, and modem ports (for 
added security); and the number of rings 
before the Stick answers (0 to 10). 

With its plain Jane appearance and lack 
of any "bells and whistles," the Stick was 
not the most exciting product we've ever 
had the pleasure to review. For the most 
part, it just sits there and does its job, 
effectively and unobtrusively. 



The Power of 
Suggestion 
SCANTRAK 18 GOLFBALL FINDER. 
From UI' Orbits, Inc., 2850 Vicksburg 
Land, Minneapolis, MN 55447. Price 
$ 89.95. 

We here at Gizmo are the first to admit 
that technology is wonderful. We should 
know -we see new technology all the 
time. Because of that, we've become 
somewhat jaded. But still, occasionally 
there is a product that is so different and 
that uses such new technology that even we 
are impressed. When we received a press 
release describing the ScanTrak 18 golf - 
ball locator from Lil' Orbits. Inc., we were 
delighted. It described technology that we 
didn't even know existed. 

The first line that attracted our attention 
was "Using new microchip technology, 
the ScanTrak 18 finds golf balls in any 
terrain from weeds to bushes to high 
grass." We weren't aware of any new mi- 
crochip technology that had anything to do 
with golf balls, so we read on. "Within 
minutes, this tiny hand -held device can 
detect and point out any balls in the 
vicinity." How, we wondered, could a de- 
vice find ordinary golf balls? There had to 
be a catch, we figured. Maybe this was a 
way to sell special golf balls. 

But as we read on, that guess seemed to 
be wrong. "The secret is in the unique 
molecular wavelength given off by every 
golf ball, of whatever manufacture." So 
that's how they do it! 

But hold on a minute! What molecular 
wavelength? We know that spectrometers 
can be used to identify the makeup of ma- 
terials by measuring the spectrum emitted 
when they are burned or electrically excit- 
ed. That's also the way that scientists deter- 
mine the elements of which stars are 
composed. 

We were surprised to find out that plain 
old golf balls emitted wavelengths that 
could be measured. But there in black and 
white was the promise that "The ScanTrak 
18 identifies and homes -in on the signal of 
the golf ball, just like a short wave radio 
set -regardless of rocks, trees, or bush- 
es." 

When the ScanTrak 18 arrived, we im- 
mediately popped in the instructional vid- 
eo, hoping to better understand how it 
worked. The video provided simple oper- 
ating instructions, and showed the device 
hard at work finding golf balk behind 
bushes, in high grass, and even in a water 
hazard! 

The four -page instruction manual shed 
more light on the principles behind the 
fascinating device. The ScanTrak, it said, 
operates with a new technology called 

"Positive Molecular Attraction." We 
couldn't find any reference to the tech- 
nology it our well stocked reference li- 
brary. Boy, it must be a new technology, we 
figured. 

"The unit contains a ROM (Read Only 
Memory) 'card which detects the mo- 
lecular structure of golf balls and is ener- 
gized by static electricity which you 
generate when moving." We didn't see 
any slot into which a ROM card could be 
inserted, soy we figured that they meant a 
ROM chin and not a ROM card. Perhaps 
they were planning on manufacturing dif- 
ferent versions of the device -a car -key 
locator would seem to be a good idea. But 
we're unsure whetter .ill ;oar keys emit a 
common wavelength. We were ako ä little 
surprised that the device was xrw?rd by 
static electricity. After all, we've destroyed 
more electronic components than we care 
to remember with inacvertent discha -ges 
cf static electricity. Besides, just now 
much state is generated by walking across 
a grass field in golf shoes? Maybe it would 
he a good idea to wear a wool sweater 
when testing the device out. Come to th i nk 
of it, ROM chips are pre- progri mmed 
read -only devices. How can aRONI detect 
anything, let alone the molecular structure 
of golf balls? 

"Just like a magnete compass needle 
which swings of its cwn accord to the 
North Pole, the direction -finding antenna 
on your Locatx will swing of its own 
accord in the directier of a hidden golf 
ball." We were impressed fy the amazing 
technology that was packed in a device that 
looked like nothing more than a piece of 
plastic with a telescoping radio antenna 
mounted on a free-moving swivel. 

The Locator does not generate or 

transmit any harmful signals. Your Lo- 
cator on.y 't.nes in' to signals generated 
by golf balls " Well that's a relief! 

We were se excited about trying the 
ScanTrak out that we dropped a golf ball 
on our office floor, took the device in hand, 
and extended the antenna. The antenna 
just seemed to swing randomly instead of 
homing n on the golf ball. We thought it 
was odd .. so we went back to the instruc- 
tion sheet. Aha! We had made the classic 
mistake of not reading the instructions! 
Right there was the note that "the locator 
works best outdoors away from household 
appliances, fluorescent lights or comput- 
ers which emit signals that can confuse 
your locator." We picked up our golf ball 
and headed outside. 

We extended the antenna again and held 
the device properly with our little finger 
below the unit as shown in the photograph) 
and began by pointing the ScanTrak 18 to 
the ground. (That "initializes and clears 
the Locator of any previous signals." We 
guessed that there's a mercury switch or 
something similar in the device.) 

We still couldn't seem to get the hang of 
it. The antenna would seem to swing in 
random directions. We re- checked the in- 
struction sheet to make sure we were doing 
things correctly "It's important that you 
keep walking! This generates the power 
which drives the antenna." We tried it 
again, but still were unsuccessful. 

"You must be insulated from the 
ground. Most golf shoes use composite or 
rubber soles which insulate you from the 
ground. If you are wearing leather soles we 
suggest you insert foam inner liners or 
plastic sole inserts in your shoes. We also 
know that molecular activity slows down 
in freezing weather. So don't expect to find 

55 



56 

Here the ScanTrak 18 is pictured beside its x -ray. Using another apparently new 
technology, any components that are in the device appear to be immune from x -ray 
detection. 

golf balls in the snow unless they're still 
warm." We were wearing sneakers, so we 
figured we were well insulated, and it was 
a hot summer day. We weren't sure what 
was going wrong. The instructions prom- 
ised that "When you pass along side your 
golf ball, the antenna should abruptly 
swing in the direction of the ball." 

"When used correctly, the Locator is so 
sensitive it will locate balls from a great 
distance once it locks on to the signal. It 
may pick up signals from an adjacent 
green where players are putting in. When 
the Locator points in a totally different 
direction, it is picking up a signal from 
another ball. " So that's it. We should have 
known! Our offices are located near a driv- 
ing range. (Our test ball was, in fact, an 
escapee from the range that was hit into 
our parking lot by what we hope is an 
embarrassed golfer with a nasty slice.) The 
device must have been sensing all those 
flying balls and getting confused! Further, 
we concluded, those balls must have more 
molecular energy because they're moving 
so fast. 

We tried the ScanTrak 18 in different 
locations and in different weather condi- 
tions but we still couldn't get reliable re- 
sults with golf balls we could see. We 
doubted whether we could ever find balls 
that were truly lost. But that didn't con- 
cern us too much -we don't golf. 

Then, realizing that our lack of golf 
experience might be one of our problems, 
we loaned the ScanTrak 18 to a doctor 
friend who (surprise, surprise) is an avid 
golfer. He loved it! He not only found his 
own golf balls, but he came home with 
extra balls that other golfers had given up 

trying to find! He also made a lot of new 
friends. All golfers, it seemed, were as 
fascinated by the device as we were. He 
estimated that he could have sold a couple 
dozen ScanTrak I8's if he had them with 
him at the time. 

We were impressed by the success re- 
ported on the golf course. We still didn't 
understand how the device worked. And 
we were dismayed to read that "There are 
no user repairable parts within the unit. 
Trying to open the case will damage the 
unit beyond repair and will void our war- 
ranty." We had considered opening the 
case, but couldn't see any way of doing so. 
There were no screws holding things to- 
gether. The plastic case seemed to be sol- 
id. 

In our effort to learn more, we pulled 
out our digital multimeter. We measured 
the impedance between the antenna and 
the pivot around which it swiveled. (These 
were the only metal parts to which we had 
access.) To our surprise, there was an open 
circuit. So how did the electronics inside 
the unit control the antenna? 

Refusing to give up, we enlisted the help 
of our doctor friend who had been so suc- 
cessful with the device. We couldn't open 
the device, but his x -ray equipment could 
see into it! The results of the x -ray left us 
more puzzled than ever. It seemed to show 
that there was nothing in the device except 
for a metal rod around whiclh the antenna 
swiveled- nothing at all! 

But that couldn't possibly be true, could 
it? The new technology must also render 
the circuitry immune from x -rays. After 
all, people wouldn't spend $89.95 for a 
piece of plastic, would they? 

A First Step 
PRO MOVIE SPECTRUM VIDEO CAP- 
TURE CARD. From: Media Vision Inc., 
3185 Laurelview Court, Fremont, CA 
94538. Price: $399. 

We remember when the only thing that a 
computer could display was fuzzy text on a 
green screen, and the only sounds they 
made were occasional beeps. Today, of 
course, most new computers do a great job 
of producing text and graphics. Photo - 
quality images can be displayed, and high - 
fidelity sound has become commonplace. 

If you're wondering what's next, the 
answer is video. Just as the conniving head 
of security in Jurassic Park used video and 
animation to warn hackers (and his bosses) 
to keep out of the system, soon everyone 
will be using video to try to grab your 
attention on the desktop PC. 

We recently added video to our IBM - 
standard PC with the Pro Movie Spectrum 
from Media Vision Inc. The Pro Movie 
Spectrum is a full -size add -in card for 386 - 
and 486 -based computers. It permits vid- 
eo to be digitized and saved on disk so that 
it can then be played back on the PC and 
"attached" to other files and applications. 
For example, an E -mail message could 
contain a video clip to add emphasis to a 
memo. Computer -presentations and train- 
ing could be made more dynamic and 
effective with video. 

The software that controls Pro Movie 
Spectrum is Microsoft's Video for Win- 
dows, which is included with the video 
capture card. The video can be edited, and 
the resulting "movie" can be played via 
the Windows Media Player, an accessory 
supplied with Windows. 

A conversion utility supplied with the 
video -capture card permits files saved on 
the PC to be played back on an Apple 
Macintosh computer, and used in any 
QuickTime application. For people who 
hate Microsoft Windows, a DOS video 
player and recorder are also provided. 

The computer system requirements for 
the Pro Movie Spectrum are modest: a 
386SX or better microprocessor, MS -DOS 
5.0 or better, four megabytes of RAM, a 
hard drive with at least twelve megabytes 
of free space, one full -length slot, Micro- 
soft Windows 3.1 or better, a high density 
31/2-inch floppy disk drive, and a VGA 
display. (A super -VGA color monitor with 
at least 256 -color capability is recom- 
mended. 

Installing the Pro Movie Spectrum re- 
quires setting jumpers and switches on the 
card, installing the card inside the comput- 
er's case, and running an installation pro- 
gram, which configures the software to 
match the hardware jumper and DIP - 
switch settings. As is standard with most 



cards that are installed in a PC, the Inter- 
rupt line, base memory address, and I/O 
port must be set. 

We got the system running only after 
considerable frustration. We have to ac- 
cept part of the blame, however. The tables 
of I/O port and memory addressed in the 
manual that shipped with the product were 
incorrect. We had failed to note that cor- 
rect tables were included in a installation 
guide addendum. (We ignored the "Read 
First!" plea printed on the addendum's 
cover.) 

After the card is installed and passes a 

diagnostics test, it's time to connect a vid- 
eo source. The Pro Movie Spectrum ac- 
cepts NTSC composite video from a VCR, 
camcorder, or other video device through 
an RCA -type connector on its rear panel. 
An S -video input is also provided. 

We used Microsoft's Video for Win- 
dows for most of our interaction with the 
Pro Movie Spectrum. (Another software 
package, Action! from Macromedia, Inc., 
is also provided. Action!, which runs un- 
der Windows, is presentation software that 
can take advantage of video and moving 
graphics.) 

Video for Windows includes VidCap, a 
data -capture program; VidEdit, a program 
for "cut -and- paste" editing of video seg- 
ments; and BitEdit, a program that allows 
the bitmap images that a video frame or 
segment is composed of to be edited for 
detail or color. The color palettes that de- 
fine how the colors in an 8 -bit color image 
appear can be controlled by another pro- 
gram called PalEdit. 

After we got the hardware installed, 
video connected, and got a rudimentary 
working knowledge of Video for Win- 

dows, we set to work to capture some 
video. The computer we used for our test 
was in the middle of what Media Vision 
recommends as minimum system require- 
ments for video capture: a 386 DX running 
at 40 MHz, with 4 megabytes of system 
RAM, and a super VGA monitor. As a 

video source, we used the composite video 
output from a VHS VCR. 

One thing that becomes immediately 
obvious when capturing video sequences 
is that capture files are huge. The amount 
of data that must be transferred tc disk is 
enormous. For that reason, our initial at- 
tempt at capturing video was almost a total 
failure. More frames of video were 
dropped than were written to disk. The 
resulting video frame rate could be mea- 
sured in seconds per frame instead of 
frames per second! 

Dropped frames are an indication that 
the hard disk can't keep up with the data it 
is being fed. We tried defragmenling our 
disk, as suggested by the documentation, 
but it didn't have a noticeable effect. 
After a little bit of searching, we found 
the problem -we weren't running 
SMARTDRV.EXE, the disk -caching util- 
ity. (We had REM -ed it out from our AU- 
TOEXEC.BAT file a few months ago, 
when we used the same computer to re- 
view software that was incompatible with 
SMARTDRV.EXE). 

There are a number of parameters that 
affect the size of the captured video image. 
First is the size of the image. Two sizes of 
video can be captured: 80 x60 and 
160 x 120. Single frames can be captured 
at two larger sizes as well: 320 x 240 and 
640 x 480. If we were to assume that each 
pixel in a frame required one bit to repre- 

sent it, a 640 x 480 image would require 
sixty -four times more storage space than 
an 80 x 60 image. 

Color images, of course. require much 
more than one bit per pixel. VidCap gives 
the choice of choosing 8 -bit color (which 
uses eight bits per pixel to define 256 pos- 
sible colors), or 16 -bit color (which pro- 
vides 32,767 colors). A 24 -bit setting is 

also available, but it doesn't display 16 

million colors as you might expect. In- 
stead, the color depth is the same as 16 -bit 
color; the 24 -bit setting is provided to 
make the captured files compatible with 
software that expects to see files in the 24- 
bit storage format. 

Depending on the settings, it's easy to 
create files that require a megabyte of disk 
storage per second of video! More con- 
servative settings (smaller image, reduced 
color depth) can provide a megabyte for 
every four or five seconds. 

Fortunately, images can be compressed 
digitally in Microsoft's Video for Win- 
dows through the VidEdit program. The 
compression ratios can be impressive. 
Using the Microsoft Video I compression 
method, we were able to compress an 8.4- 
megabyte file into one just over half a 

megabyte! (The resulting compression 
ratio was about 16:1.) Unfortunately, while 
it's easy to compress the data, the com- 
pression process is somewhat slow -es- 
pecially on a computer without a math 
coprocessor. For example, the file we used 
in our example required about eight min- 
utes to be compressed. 

Once we had a number of captured vid- 
eo images and were tired of playing them 
through Video for Windows, we had to 
figure out what else to do. So we created 
some "Watch Me" icons for Windows (to 
replace some Read Me icons on our sys- 
tem.) And then we wrote a couple of 
memos in which we were able to empha- 
size a point in sound and video. 

It worked, but what a chore! A 

spokesperson from Media Vision was right 
on target with the comment "The market 
for desktop video won't take off until put- 
ting video into documents is quick and 
easy." The Pro Movie Spectrum was any- 
thing but. 

However, Media Vision hasn't gotten to 
the top of the multimedia heap by standing 
still. Its latest video- capture board ad- 
dresses the major problems with the Pro 
Movie Spectrum. It's called the Pro Movie 
Studio. 

The major feature that the Pro Movie 
Studio offers is real -time compression. 
Rather than storing all of the captured data 
to disk and then compressing it manually, 
the Pro Movie Studio contains on -board 
compression chips. Data is compressed on 
the fly, so that only the compressed data 
needs to be stored. That greatly speeds up 
the process and, of course, requires less 57 



disk space. Media Vision has dubbed its 
compression technology "Captain 
Crunch," and is busy making deals to 
ensure that it becomes the standard for 
desktop video compression. 

The Pro Movie Spectrum is still avail- 
able at retail, but it has been superseded by 
the Pro Movie Studio. If you're interested 
in getting your feet wet in desktop video, 
the Pro Movie Spectrum might become a 
good deal if the street price goes down far 
enough -and it should considering that 
the new product promises a significant im- 
provement. If you're looking for easy 
desktop video, the Pro Movie Spectrum is 
not for you. It can be, however, a good first 
step. 

TV ALLOWANCE 
(Continued from page 52) 

thoritarian (which we suppose it might, 
particularly to those parents who have 
trouble simply saying "no" to their kids!), 
there are several factors to consider. TV 
Allowance was invented by the father of 
pre -teen boys, and refined as the result of 

feedback from other parents. Its primary 
purpose is to discourage excess TV watch- 
ing and Nintendo playing -without the 
usual nagging, bickering, screaming, and 
punishments. However, when used prop- 
erly, the device can actually encourage the 
development of some positive skills and 
character traits. For instance, while using 
TV Allowance, kids can learn to plan 
ahead, make good use of their time, bud- 
get their time, evaluate television shows, 
the value of savings (time, instead of 
money), and the meaning of personal re- 
sponsibility. 

To help families gain all those side ben- 
efits from TV Allowance, a "Parental 
Guide" is included along with the stan- 
dard user's manual. The guide suggests 
calling a family conference to discuss the 
reasons for using TV Allowance and to 
determine each child's viewing allowance, 
perhaps after reading through the weekly 
TV schedule together. 

Once the initial shock wears off, kids 
begin to realize that they are responsible 
for how and when they use their allotted 
time. Many kids quickly figure out how 
much time they can save by passing over 

the commercials (close to 12 minutes dur- 
ing one half -hour program!). Particularly 
during those programs aimed at kids, hav- 
ing them skip commercials is a major 
bonus for parents who are besieged by 
requests for the toys advertised on TV. 

The Parental Guide also touts the bene- 
fits of the device's save feature, which can 
be used as the basis of a rewards program. 
Children can be encouraged to save up a 
certain number of hours over a given time 
period to be eligible for a predetermined 
award -perhaps a special toy or outing. 
Saved time also gives a child an advantage 
in bartering for viewing time with siblings. 
Sharing can also be encouraged, because 
siblings often watch the same television 
programs. 

No wonder TV Allowance received the 
National Parenting Center's Seal of Ap- 
proval ! 

We don't have kids, but that doesn't 
mean there's no bickering about television 
in our household. And when the football 
and hockey seasons roll around, we seem 
to lose track of the hours we waste in front 
of the TV. Perhaps we've discovered a new 
use for TV Allowance! 

ELECTRONICS WISH LIST 

Pioneer Laserdisc Player 

Panasonic Cordless Phone'Answering Machine 

For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card, 

Elite -ist Combi Player 
The latest entry in Pioneer Electronics U.S.A.'s (2265 East 220th Street, P. O. 

Box 1720, Long Beach, CA 90801 -1720) Elite line of high -perforamnce CD/ 
CDV /LD players, the CLD -97 is also the first to incorporate the company's 
proprietary Legato Link conversion technology. Legato Link is said to produce a 
more natural, less metallic sound by extending the high- frequency analog audio 
output beyond the conventional 20,000 kHz. Picture quality is improved through 
digital video -noise reduction, digital timebase correction, and digital color - 
separation circuitry. The CLD -97 also features Pioneer's proprietary alpha -turn 
mechanism, which provides quick, automatic dual -side play of laserdiscs. Price: 
$2500. 

CIRCLE 56 ON FREE INFORMATION CARD 

The Cordless Answer 
For those who just can't be tied down -to a corded phone or traditional 

answering machine, that is- Panasonic Company (One Panasonic Way, 
Secaucus, NJ 07094) offers the KX -T4330 cordless phone with built -in answering 
machine. "Sound Charger" technology helps reduce extraneous background 
noise up to 1000 feet from the base, and 10- channel access allows users to choose 
the clearest channel from the handset, even in mid -conversation. The phone's 
retractable rubber antenna measures just over three inches when extended. The 
phone also features ten -number speed -dial, one -touch redial, a speakerphone 
function, and a handset battery that can hold a charge for up to two full weeks in 
standby mode. The answering machine features a digital outgoing message; 
incoming messages are recorded on microcassette. Calls can be screened, and 
most answering- machine functions can be accessed, from the handset as well as 
the base. Price: $179.95. 

CIRCLE 57 ON FREE INFORMATION CARD 
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For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card, 

ELECTRONICS WISH LIST 

The Human Calculator 
Scott Flansburg, a.k.a. the Human Calculator, has taught his innovative and 

inspirational mathematics techniques on TV shows and videotapes, and in class- 
rooms across the country. Now his math methods are available from Compton's 
NewMedia in interactive form on CD -ROM and floppy disk. The animated 
program called The Human Calculator contains traditional testing methods and 
action -filled math games designed to improve grades and transform students of all 
ages into math whizzes. Flansburg's method involves solving problems from left 
to right, in the same way that we read, rather than the traditional right -to -left 
method. It allows students to perform addition, subtraction, multiplication, and 
division in their heads. Price: $39.95 on CD -ROM, $59.95 on floppy. 
CIRCLE 58 ON FREE INFORMATION CARD 

Towering Mini 
Yesterday's towering audio rack systems simply can't fit in many places where 

we'd like to hear music today -in bedrooms, dens, dorms, offices, and small 
apartments, for instance. The Model SC -CF999 from Technics (One Panasonic 
Way, Secaucus, NJ 07094) is a tower system for the '90's -a mini tower system, 
that is. Equipped with high -performance speakers, integrated amplifier, three 
disc CD changer, quartz- synthesized AM/FM tuner, and a dual -transport cassette 
deck, the system is roughly half the size of its traditional counterparts. The SC- 
CF999 offers surround -sound circuitry for home -theater applications; an inte- 
grated remote control; a sleep timer that allows the user to fall asleep to one 
volume level and source and wake to another source at a different volume; and a 
digital sound field processor with a choice of Live, Hall, or Disco environments. 
The tower mini system is enclosed in an elegant rack with matte black finish, 
generous storage space for storing CD's or tapes, and a curved glass door to 
protect the system. Price: $999.95. 
CIRCLE 59 ON FREE INFORMATION CARD 

Tune in the World 
Radio Shack's (700 One Tandy Center, Fort Worth, TX 76102) Realistic 

DX -380 world -band radio receiver (catalog number 20 -213) can tune in broad- 
casts on AM, FM, longwave, and 13 international shortwave bands. The receiver 
features precise digital tuning. The push -button keypad permits direct access to 
the desired frequency, which can then be fine -tuned using the rotary dial. Up to 45 
favorite frequencies can be stored in memory, 18 in the shortwave band and up to 
nine each on AM, FM, and LW bands. A manual- control lock prevents accidental 
power shut -off or frequency change. When listening to shortwave, AM, or 
longwave broadcasts, DX/LOCAL and NARROW /WIDE switches can be used to 
reduce distortion. The unit's LCD readout displays the time, band, frequency, and 
signal strength. Especially suited for travelers, the compact, light -weight portable 
receiver has a dual -time feature that can be set to show local time, the universal 
time coordinate (UTC), or the local time of a city in another time zone. The 
DX -380 also serves as a clock radio with built -in alarm/standby buzzer and sleep 
timer. It runs on four "AA" batteries (or on AC /DC power using optional 
adaptors); two additional "AA" batteries keep the clock running and protect the 
stations stored in memory. The receiver includes a folding stand and a headphone 
jack for private listening in stereo. Price: $179.95. 
CIRCLE 60 ON FREE INFORMATION CARD 

Compton's NewMedia The Human Calculator- 

Technics Tower Mini System 

Realistic Wcrld -Band Radio 59 



ELECTRONICS WISH LIST 

Facie Stack Video Door Phone 

Sharp -ligh -Speed Microwave 

60 Sima PowerMax PowerPack 

For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

Who Rang? 
Unless your front door is equipped with a peephole, when the doorbell rings 

you have no idea who is standing outside the door. You can feel safer answering the 
door if you've installed the Safe House Video Door Phone System, available at 
Radio Shack (700 One Tandy Center, Fort Worth, TX 76102). The Video Door 
Phone allows homeowners to see and talk to the person at the door before deciding 
whether to open it. The black -and -white monitor with handset can be mounted on 
a wall or placed on a table top anywhere in the home. The surveillance camera is 
installed outside, positioned near the entryway. When a visitor presses the call 
button on the camera, a doorbell or chime sounds to alert the homeowner. The 
person inside can see the visitor's face on the inside monitor, and can talk to the 
visitor either through the handset or through an intercom. It's also possible to 
leave the camera and speaker turned on continuously to monitor the sights and 
sounds at the front entry. Price: $399.95. 

CIRCLE 61 ON FREE INFORMATION CARD 

Quick Cooking 
Microwave cooking just got quicker, with Sharp Electronics Corporation's 

(Sharp Plaza, Mahwah, NJ 07430 -2135) introduction of the high -speed R -3A05, 
the industry's first 1050 -watt microwave. The oven features a control panel that 
includes such time- and work -saving settings as CompuCook. which calculates 
cooking time and power level for automatic cooking of baked potatoes, frozen 
vegetables, fresh vegetables, rice, ground meat, and fish fillets; CompuDefrost, 
which determines time and power levels based on weight for efficient defrosting of 
meat or poultry; Breakfast settings for quick heating of coffee or tea, warming a 
fresh or frozen roll or muffin, cooking hot cereal, heating a frozen breakfast, or 
making scrambled eggs. Instant Start keys provide one -touch heating of a single 
serving of pasta or a casserole, a bag of popcorn, a dinner plate, or a frozen main 
dish. Price: $299.95. 

CIRCLE 62 ON FREE INFORMATION CARD 

Electronic Reader 
The Digital Book System from Franklin Electronic Publishers (122 Burrs Road, 

Mt. Holly, NJ 08060) is an electronic library that fits in a shirt pocket. The device 
weighs less than five ounces and plays (reads) books on plug -in ROM cards, each 
with a 10- megabyte capacity. (That's the equivalent of ten printed Bibles.) What's 
more, the Digital Book System plays two ROM cards at once, allowing you to 
look up something in one while reading the other. A doctor reviewing the Manual 
of Adverse Drug Interactions, for instance, can cross- reference the definition of a 
medical term in Stedman's Medical Dictionary. Upcoming (non -medical) titles 
cover gardening, cooking, nutrition, education, religion, foreign languages, 
sports, and business. The Digital Book System comes with two ROM cartridges: a 
word game, and a dictionary /thesaurus. Price: $200 (additional ROM cartridges, 
$30- $100). 

CIRCLE 63 ON FREE INFORMATION CARD 

Power Pack 
There's no need to stop recording when your camcorder battery runs out, if you 

have the PowerMax PowerPocket from Sima Products Corporation (8707 North 
Skokie Blvd., Skokie, IL 60077). The PowerPocket is a compact waist pouch or 
"fanny pack" that houses up to three spare camcorder batteries. Your camcorder 
plugs into the pouch and, when the "battery low" warning begins to flash in the 
viewfinder, you simply pause the camcorder, flick the switch on the PowerPacket 
to the next battery, and resume recording. The PowerPacket will accept all popular 
6 -volt batteries, including Sony, JVC, Panasonic, Hitachi, and RCA. The pouch 
is made of heavy -duty nylon with a fully adjustable belt to fit comfortably around 
the waist or hips. Because the battery is in the bag, the camcorder is lighter to 
carry. Price: $49.95. 

CIRCLE 64 ON FREE INFORMATION CARD 
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ive n `Friend 
á Year of 
`Electronics 
`Fun this CII ristmas; 
Does fighting the crowds at Christmas short - 
circuit your holiday fun? Don't blow a fuse this 
year. ..for the friend who shares your love of 

project- oriented electronics - or a youngster 
who may need only a spark to ignite a life -long 

interest - give a gift subscription to Popular 
Electronics. 

Popular Electronics readers get the know how 

they need to build exciting, educational, and 
useful projects like these ...a touch light dim - 

mer. ..a traveler's theft alarm ...an economy 
NiCd battery charger...a voice synthesizer... 
a portable frequency counter. ..a shortwave 
converter...a stereo graphic equalizer...even 
a robot! 

PLUS...Gizmo, our honest and straight- shoot- 
ing review of the latest consumer -electronics 
gear. ..Market Center, featuring mail -order 
merchants that are ready to help you in all your ' hobby activities...articles and columns cover - 

,v - ng every aspect of the electronics hobby - 
including antique radio, shortwave listening, 
ham radio, computers, scanners, circuit de- 
sign, and more! 

SAVE MONEY...A great gift to receive, Popular 
Electronics is also a great gift for you to give! 

The Special Holiday Rate saves you $23.05* off 

the newsstand price on each gift. You can save 

another $23.05* when you start or extend your 
own subscription at the same time. It's our 
"thank -you" for sharing Popular Electronics 
with a friend this Christmas. 

Send no money, unless you prefer. We'll be glad 

to bill you in January, 1994. Just take a brief 
moment to go over your gift list and make sure 
you haven't forgotten anyone who might ap- 

preciate the many benefits of Popular Elec- 

tronics. Then write the names on the attached 
Gift Certificate and mail it back in the post- 
age -paid reply envelope. ..we'll take it from 

there! 

Your friends will receive a handsome gift an- 
nouncement card signed with your name just 
before Christmas. And all through the new year 
they'll remember and appreciate your thought- 
ful gift! So don't blow a fuse...take it easy and 
enjoy the holidays. Give Christmas gifts of Pop- 

ular Electronics! 

Popular Electronio 
*Basic sub rate-1 yr/$21.95 
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Many of people like to keep 
track of the prevailing 
weather conditions using in- 

door and outdoor thermometers, ba- 
rometers, and humidity gauges. High - 
quality instruments provide accurate 
readings, but the common, consum- 
er -type humidity gauges -called 
hygrometers -leave much to be de- 
sired. Even relatively expensive de- 
vices that rely on the absorption of 
moisture by a human hair or some 
other organic substance cannot re- 
spond accurately to very low or very 
high relative -humidity levels. 

Modern solid -state technology has 
brought advances in relative- humidi- 
ty measurements by providing various 
types of capacitive and resistive sen- 
sors that respond to varying amounts 
of moisture in the air. Many of those, 
however, are non -linear and may not 
give reliable readings at humidity lev- 
els below 10% or more than 90 %. 

It's All Relative. Relative humidity 
(RH), a measure of the quantity of 
moisture contained in the air, is impor- 
tant to our well being and can be a 
significant factor in forecasting 
weather conditions. The term "rela- 
tive" refers to the percentage of water 
vapor contained in a given volume 
air as compared to the maximum 
amount of moisture that can be ac- 
commodated in that volume of air at 
the same temperature. A condition of 
100% RH indicates that the air is satu- 
rated with moisture, and that any fur- 
ther increase in moisture content will 
result in precipitation (rain, snow or 
condensation). 

Personal comfort is closely related 
to humidity. In the summer, mild tem- 
peratures accompanied by high rela- 
tive humidity are uncomfortable 
because the body's natural cooling 
system (which works by evaporation 
of perspiration) is slowed. Conversely, 
the reduction in relative humidity dur- 
ing the winter when indoor air is heat- 
ed causes one to feel cold unless the 
temperature is raised to 72 degrees or 
more. 

Adverse reaction to insufficient or 
excessive relative humidity is not lim- 
ited to the human body. You may 
have noticed that wooden drawers 
and doors tend to expand and stick 
during the summer, and furniture 
often shrinks and cracks during the 
winter. Even electronics, such as VCR's 
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and copying machines, can fall prey 
to moisture unless the relative humidi- 
ty is kept within certain limits. In ex- 
treme cases, where high humidity is 

coupled with high temperatures, 
mildew can form everywhere, caus- 
ing significant damage. 

There are many ways to measure 
relative humidity. One way is by de- 
tecting the rate of water evaporation 
using an instrument, known as a psy- 
chrometer, that uses two ther- 
mometers. One thermometer has a 
continuously moistened cloth cover- 
ing its bulb, which senses a reduction 
of temperature through moisture 
evaporation. That reading is corn - 
pared to the dry -bulb thermometer, 
which responds to ambient tempera- 
ture. A chart is then consulted to de- 
termine the relative humidity that 
corresponds to the two temperature 
readings. But that method, which can 
be very accurate, is not convenient to 
use. 

Another method of measuring hu- 
midity is the one used in many low - 
cost, consumer -type, relative -humid - 
ty gauges that have been around for 
many years. Such instruments have 
been designed to respond to the per- 
centage of relative humidity through 
the action of a strand of hair; the hair 
changes length in accordance with 
the amount of water vapor that it ab- 
sorbs from the air. It is not surprising 
that such instruments are not very 
accurate and any reading of relative 
humidity may not be meaningful, es- 
pecially at very low or very high hu- 
midity levels. There are also several 
electronic methods by which relative 
humidity can be gauged; one of 
which uses passive components that 
change capacitance or resistance in 
accordance with the air's moisture 
content. 

However, the Digital Relative -Hu- 
midity Indicator described in this arti- 
cle takes advantage of a new 
development in sensor technology to 
produce a professional -quality instru- 
ment that is simple to build, accurate, 
and easy to use. The sensor -the 
IH3602L precision humidity sensor, 
one of several developed by Hy -Cal 
Engineering (9650 Telstar Ave., El 

Monte, CA 91731; Tel. 800 -444 -4000) 
-is linear over a range of 0 to 100% 
RH, and with proper calibration can 
be used to produce an instrument 
that is accurate to within ±.2 %. 

Our circuit can measure and dis- 
play relative humidity with signifi- 
cantly better accuracy and resolution 
than can be obtained from common, 
consumer devices, thereby enabl ng 
you to determine whether a humidi- 
fier or dehumidifier needs to be 
turned on or off. It can also be used to 
indicate an improvement in humidity 
once you have taken corrective ac- 
tion, with the added advantage of 
being able to give an indication of 
whether your humidifier, dehumidifier, 
or air conditioner is doing its job. 

How it Works. Figure 1 shows a sche- 
matic diagram of the Digital Relative - 
Humidity Gauge. The heart of the hu- 
midity- measurement system is SENSI 
(the Hy -Cal IH3602L, an 6 -pin CMOS 
device with only 3- active terminals), 
whose DC output voltage varies lin- 
early with RH levels from 0 to 100%. 

The sensor is fed from a regulated 5- 
volt source provided by U1, an 
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Fig. I. At the heart of the Digital Relative Humidity Gauge is the Hy -Cal 1H3602L, 
SENSI (a 6 -pin CMOS device with active 3- terminals). 
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Fig. 2. The Digital Humidity Gauge was assembled on two single- sided, printed - 
circuit boards; a template for one of them --the sensor board -is shown here full size. 

AN78L05 100 -mA fixed regulator. The 
output of the sensor (measured with 
respect to its negative power input 
terminal) is ratiometric and varies lin- 
early from 0.8 volts at 0% RH to 3.65 
volts at 100% RH when powered by 5- 
volts. The sensor output is fed through 
resistors R1 and R2, which form a volt- 
age- divider network that reduces the 
output voltage of the sensor to a 
range of about 35 to 158 mV. The 
change in voltage (28.5 mV /% RH) is 

used to drive U2 (an ICM7106CPL A/D 

converter that also contains an on- 
board oscillator, output latches, 7- 
segment decoder /drivers, and a 
back -plane signal generator). 

Potentiometer R4 is used to set pin 
30 of U2 at 35 millivolts, while the refer- 
ence voltage of the chip is set to 
equal the total change in voltage at 
pin 31, 123 mV (158 mV - 35 mV). Po- 
tentiometer R7 permits full -scale cal- 
ibration of the instrument for variations 
in humidity sensors by allowing adjust- 
ment of the reference voltage of U2. 

C7 
100PF 

'SEE TEXT 

DISP1 
LCD001 

1,2.6 

BACK 
PLANE 

Although U2 is capable of driving a 
full 31/2-digit LCD readout, in this ap- 
plication only two sets of U2's digit driv- 
ers are used (the most -significant and 
least- significant digits are not used). A 
full scale reading, 100% RH, occurs 
when the analog input voltage is 

equal to the reference voltage. That 
would normally give a display of 
100.0; but, since the most- and least - 
significant- digits are not used, 100% 
RH is represented by a two -digit dis- 
play of 00. 

Components D1, D2, and R4 set the 
analog -ground terminal of U2 at pin 
32 to slightly above ground (at 1.3 
volts). Pin 31 of U2 (the positive analog 
differential -input terminal) is con- 
nected to the output voltage of the 
sensor through a voltage divider corn- 
posed of R1 and R2. Diodes D1 and D2 
are also used to generate a fixed volt- 
age of about 1.3 volts, which is neces- 
sary to bias the analog input stages of 
the A/D converter. Pin 30 (the negative 
analog differential- input) of U2 is con- 
nected to the wiper of R4, allowing 
calibration at 0% RH. Pins 35 and 36 of 
U2 are the reference -input terminals 
and are used to set the full -scale 
range of U2. A full -scale output occurs 
when the input voltage applied be- 
tween pins 31 and 30 is equal to twice 
the reference voltage. 63 
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PARTS LIST FOR THE 
DIGITAL RELATIVE - 
HUMIDITY GAUGE 

SEMICONDUCTORS 
Ul- AN78L05 5 -volt, 100 -mA 

voltage regulator, integrated circuit 
U2- ICL7106CPL 31/2-digit A/D 

converter, integrated circuit 
DISPI- LCD001 2 -digit liquid - 

crystal display (Digi -Key) 
SENSl- IH3602L P/N sensor (Hy- 

Cal) 

RESISTORS 
(All fixed resistors are 1/4-watt, 5% 

units, unless otherwise specified.) 
R1- 2.21 -megohm, 1 -watt, 1% 

metal -film 
R2, R3, R5, R8- 100,000 -ohm, `- 

watt, 1% metal film 
R4 -2,000 -ohm, cermet, PC -mount 

potentiometer 
R6 -2.210 -ohm, 1/4-watt, 1% metal 

film 
R7 -5,000 -ohm, cermet PC mount 

potentiometer 
R9- 47,000 -ohm 
R10-100,000-ohm 

CAPACITORS 
C1- 10-11,F, 25 -WVDC, radial -lead 

electrolytic 
C2- 0.1 -p.F, ceramic -disc 
C3 0.01 -µF, ceramic -disc 
C4- 0.22 -1.1F, 50 -WVDC, 

metallized -film 
C5, C6- 0.47 -1.1F, 50 -WVDC, 

metallized -film 
C7- 100 -pF, 50 -WVDC, ceramic - 

disc 

ADDITIONAL PARTS AND 
MATERIALS 

B1 -9 -volt transistor -radio battery 
Sl -SPST momentary- contact switch 
Perfboard materials, enclosure, IC 

sockets, battery holder and 
connector, wire, solder, hardware, 
etc. 

Note: The following parts are 
available from A. Caristi, 69 White 
Pond Road, Waldwick, NJ 07463: 
a set of two printed- circuit boards 
for $18.95; Ul for $2.50; U2 for 
$17.75; LCD readout for $11.00; 
kit of 5 metal -film resistors for 
$3.00; sensor $65.00. Please add 
$4.00 postage /handling to all 
orders. New Jersey residents, 
please add appropriate sales tax. 

Construction. The Digital Relative - 
Humidity Gauge was assembled on 
two single- sided, printed- circuit 
boards, referred to as the senor and 

the display boards. That type of con- 
struction allows the boards to be 
stacked if desired to permit the circuit 
to be housed in a very small en- 
closure. Figure 2 is a full -size template 
of the sensor board, while Fig. 3 is a 
full -size template of the display board. 

a a 
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Fig. 3. Use this full -size printed circuit 
pattern to etch the display board for 
your Digital Humidity Gauge. 

b1 

TO DISP1 
.. 

oriented. It is mandatory that those 
components be placed in the circuit 
as shown. Doing otherwise will result in 

an inoperative circuit and possible 
component damage. 

When assembling the sensor 
board, do not install SENSI (the humid- 
ity sensor); that part will be installed 
later, when the circuit is calibrated. Be 

sure to use a socket for U2. That per- 
mits the project to be serviced should 
it ever become necessary, and is well 
worth the slight additional cost. A 
socket for the display is optional; one 
can be easily fabricated by cutting 
an 18 -pin IC socket lengthwise in half 
to produce two 9 -pin sections. 

When handling the display modulle, 
be extremely careful not to exert ex- 

cessive force; that unit is fragile. When 
inserting the IC and display into the 
boards be sure to orient them prop- 
erly (as indicated in their respective 
parts- placement diagrams). 

Note that most of the resistors spec- 
ified in the parts list are 1% metal -film 
types. Those resistors are used in the 
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Fig. 4. When assembling the senor board be sure that all of the polarized components 
are correctly oriented and installed in their proper locations. 

If you choose not to etch your own 
board, a set of boards can be ob- 
tained from the source given in the 
Parts List. 

Figures 4 and 5 are the parts- place- 
ment diagrams for the sensor and dis- 
play boards, respectively. When 
assembling the boards, be sure that 
all of the polarized components (the 
display module, IC's, diodes, and 
electrolytic capacitors) are properly 

circuit to ensure temperature stability, 
as well as ensure that its calibration 
does not change with temperature 
variations or from component aging. 
Ordinary carbon resistors don't have 
the necessary stability, and should rot 
be used as a substitute for metal -film 
resistors. 

The sensor and display boards are 
connected to each other via a set of 
15 wires; labeled "a" through "g," and 
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Fig. 5. The display board (as shown by 
this parts -placement diagram) holds 
only one component, the LCD readout. 
Although, from appearances it may seem 
difficult to assemble this board the 
wrong way, looks can be very deceiving, 
so make absolutely sure that the readout 
is properly oriented on the board. 
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Fig. 6. The Digital Humidity Gauge can 
be calibrated using two procedures. The 
first is a two -point method, outlined in 
this diagram. It requires a potentiometer 
and digital voltmeter to set R4 and R7. 
(See the text for more details.) 

BP (for back plane) in the parts- place- 
ment diagrams. For those connec- 
tions, use #24AWG or similar insulated 
stranded wire. Do not use solid wire; it 

will break during handling of the 
boards. Be sure to allow sufficient wire 
length in accordance with the final 
position of the assembly in the se- 
lected enclosure. The most compact 

design is to stack the two boards on 
top of each other and mount the as- 
sembly to the front panel of the en- 
closure, with a rectangular opening 
into the front panel to allow the dis- 
play to be viewed. 

Connect a 9 -volt battery con- 
nector to the circuit, and mount a 9- 
volt battery holder inside the en- 
closure to secure the battery in place 
so that it does not rattle around. 

There is just one operating control, 
S1. It is recommended that a momen- 
tary "spring- return" switch (either tog- 
gle, slide, or pushbutton) be used for 
S1 so that there is no possibility of acci- 
dentally leaving the unit turned on 
after taking a humidity reading. 

When you have finished assem- 
bling and wiring the project (with the 
exception of installing the humidity 
sensor), examine the circuit very care- 
fully for shorts, especially between ad- 

VOUT 

Fig. 7. The Hy -Cal IH3602L sensor, 
SENS1 (a 6 -pin CMOS device with only 
3- active terminals), is at the heart of the 
humidity measurement system. The 
IH3602L provides a DC output voltage 
that varies linearly with relative 
humidity levels from 0 to 100 %. 

jacent IC terminals, and cold solder 
joints (which may appear as rough or 
dull blobs of solder), and correct any 
deficiencies; it is far easier to fix a 
problem at this stage than during the 
checkout procedure when you turn 
the project on, only to find that the 
circuit does not work. 

Two -Point Calibration. Either of two 
procedures can be used to calibrate 
the circuit: the two -point method (de- 
scribed here) and the one or two - 
point precision method (to be dis- 
cussed a little later on). In the two - 
point method, see Fig. 6, a potentiom- 
eter and a digital voltmeter are used 
to set R4 and R7. It is recommended 

that the two -point calibration be per- 
formed first to verify the proper opera- 
tion of the circuit. Afterward, the 
second, more accurate, calibration 
procedure can be performed if desir- 
ed (more on that later). 

In Fig. 6, a 10k potentiometer (R11) is 

temporarily substituted for the humidi- 
ty sensor. That unit is connected in 

parallel with C2, and the voltage at its 

wiper is then fed through R1 to the 
following circuitry as if it were the out- 
put of SENSI. By setting the voltage at 
the wiper of R4 to 0.08 volts and the 
wiper R7 to 3.65 volts, the digital dis- 
play will show the correct reading. 

Connect a fresh 9 -volt battery (or a 
well -filtered 9- to 15 -volt DC wall 
adapter) to the circuit. Turn S1 on and 
measure the output of U1 across C2. 
The reading should be 4.75 to 5.25 
volts. If the voltage falls within that 
range, record the actual value on a 
piece of paper. If you do not obtain 
the correct voltage, disconnect 
power and troubleshoot the circuit to 
locate and correct the fault. 

Check the orientation of C1, U1, U2, 

D1, and D2. Examine the circuit board 
carefully for any possible shorts, es- 
pecially between closely spaced 
copper conductors. Check the out- 
put voltage and polarity of the power 
source to be sure it is delivering at 
least 8 volts to the regulator. If every- 
thing looks good, try a new regulator. 
When the fault has been corrected, 
record the actual output voltage of 
the regulator and proceed with the 
checkout. 

With power applied to the circuit, 
the display should show a two -digit 
number that varies as R11 is adjusted. If 
either or both of the digits have incor- 
rectly illuminated or extinguished seg- 
ments, the problem lies with one or 
more of the 14 segment connections 
between U2 and the display. 

Refer to the schematic diagram to 
determine which wire connections 
between U2 and DISP1 are at fault. Use 

an ohmmeter to verify any suspect 
connections which can be either 
shorted or open circuits, or miswiring. 
If the display is totally blank, the prob- 
lem most likely lies with the back - 
plane signal that runs between U2 pin 
21 and DISP1 pins 1, 2, and 6. Refer to 
Figs. 4 and 5 to verify that U2 and the 
display module are properly oriented 
and correctly wired together. 

If an oscilloscope is available, pin 65 



21 of U2 can be checked for the pres- 
ence of the back -plane signal. A 60- 
Hz squarewave of about 6 volts peak - 
to -peak is a normal indication. If that 
signal absent and the component ori- 
entation and wire connections are 
correct, try a new U2. 

At this point, with the display read- 
ing properly, the calibration can be 
performed. First calculate the nomi- 
nal output voltage of the sensor, for 
0% and 100% RH, by using the follow- 
ing two expressions: 

VL = (0.8)(V)15 

VH = (3.65) (V)/5 

where VL is the nominal output of the 
sensor at 0% RH, VH is the nominal 
output of the sensor at 100% RH, and V 
is the regulated supply voltage as 

measured and recorded earlier. 
Set R7 to mid -position. Connect the 

negative lead of the digital voltmeter 
to the anode of D1, and the positive 
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Fig. 8. The second calibration method 
uses the first procedure, coupled with 
the one outline in this illustration. (See 
the text for full details.) 

lead to the wiper of R11. Adjust R11 so 

that the DVM reading is equal to the 
VL value calculated above. Adjust R4 

so that the display reads 00. Note: The 

A/D converter is capable of display- 
ing negative numbers even though 
no polarity sign is used in this circuit. As 

a result, the display will vary from both 
sides of 00 as R4 is adjusted. 

Set R11 so that the DVM reads VH as 

calculated earlier. Adjust R7 so that 
the display reads 00 (representing 
100% RH). Perform those steps several 
times to ensure that neither R4 nor R7 

66 need further adjustment. 

TABLE 1 -RH OF VARIOUS SATURATED 
SALT SOLUTIONS 

Salts Percent RH 

Lithium Bromide 6.4 
Lithium Chloride 11.3 
Potassium Acetate 22.7 
Magnesium Chloride 32.8 
Potassium Carbonate 43.2 
Magnesium Nitrate 53.2 
Potassium Iodide 69.1 
Sodium Chloride 75.3 
Ammonium Sulphate , 81.1 
Potassium Chloride 84.3 
Potassium Nitrate 93.8 

end of the scale and the other near 
the high end; select the appropriate 
solutions using the information in Ta- 

ble 1. However, an easier one- solutioi 
method can be used if desired. lb 
perform the one -solution calibration, 
adjust R4 first for 0% RH (as discussed 
earlier), and then use a saturated so- 

lution of sodium chloride (common 
table salt and water) and adjust R7 for 
a display of 75% RH. 

To calibrate the circuit, the humidity 
sensor must be temporarily con- 
nected to the sensor board via a 

TABLE 2- CORRECTION FACTOR FOR VARIATIONS IN AMBIENT TEMPERATURE 

Ambient 
Temperature 
In Degrees F 

Uncorrected Relative Humidity Reading 

20% 30% 40% 50% 60% 70% 100% 

25 -1.2 -1.7 -2.3 -2.8 -3.4 -4>0 -5.7 
35 -1,0 -1.4 -1.8 -2.3 -2.8 -3.2 -4.6 
45 -0.8 -1.0 -1.4 -1.7 -2.1 -2.4 -3.5 
55 -0:5 -0.7 -0.9 -1.2 -1.4 -1.6 -2.3 
65 -0.3 -0.4 -0.5 -0.6 -0.7 -0.8 -1.2 
75 0 0 0 0 0 0 0 

85 0.2 0.3 0.5 0.6 0.7 0.9 1.2 

95 0.4 0.7 1.0 1.2 1.5 1.7 2.5 
105 0.7 1.1 1.5 1.9 2.2 2.6 3.7 

That completes the initial calibra- 
tion of the instrument. If you do not 
elect to perform the more precise cir- 
cuit calibration described below, re- 
move the test potentiometer and 
place the sensor into the circuit (as 

shown in the parts- placement di- 
agram, Fig. 4). 

One or Two -Point Precision Cal- 
ibration. The known property of a 
saturated salt solution having a spec- 
ified RH level in the enclosed air 
space above the liquid level provides 
the means for a simple but accurate 
calibration of the instrument. In this 
method, a sealed bottle containing a 
mixture of a specified salt and water 
produces a known level of relative hu- 
midity in the air above the liquid at a 
given temperature. 

To calibrate the unit, the sensor is 

placed in the air space of a sealed 
container that holds the saturated salt 
solution. When equilibrium is reached 
(when the liquid and water vapor in 

the bottle are at the same tempera- 
ture), the appropriate potentiometer 
(R4 or R7) adjustments are made as 
described below. 

The most accurate method is a two - 
point calibration performed by se- 
lecting two solutions, one near the low 

three flexible wires. To aid in the hook 
up of the sensor, a pinout diagram of 
the sensor is shown in Fig. 7. Note (as 

mentioned earlier) although the unit is 

a 6 -pin device, it has only 3 active 
terminals. 

Refer to Fig 8. The solutions are pre- 
pared by mixing a sufficient quantity 
of the selected salt with water, so that 
the excess undissolved crystals that re- 
main are saturated with water and at 
a level slightly above the liquid level. It 
is very important that the bottle be 
absolutely air tight. The temperature 
of the solution and the room should 
be as close to 75 °F (24 °C) as possible, 
and remain constant, to ensure ac- 
curacy. 

Place the sensor in the air space 
above the liquid. Caution: At no time 
should any liquid or salt be allowed to 
touch the sensor. Doing so could 
damage it. Allow a minimum of ' 

hour for stabilization; 1 to 2 hours is 

better. That time delay is requirec to 
allow the air space within the bottle to 
reach its final level of relative humidity. 

Adjust the appropriate potentiom- 
eter until the display shows the vclue 
specified in Table 1, rounded to the 
nearest integer, for the selected salt 
solution. For example, if sodium chlo- 

(Continued on page 94) 



By Marc Ellis 

Crystal Set 
Lore 

$1oo- forthisj\JJJ o 

ANTIQUE RADIO 

During the course of a 
year, it's not unusual for 

me to receive several let- 
ters from readers who are 
interested in building crystal 
sets. Some are from grand- 
fathers wanting to show the 
youngsters in their families 
what radio was like "in the 
old days." Others come 
from younger folks inter- 
ested in experiencing for 
themselves the traditional 
entry -level activity for radio 
enthusiasts of the 1920's 
and 1930's. 
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'DO NOT DELAY! FIRST COME -FIRST SERVED! 

Quaker Oats Company's early 1920's Christmas ad for the 
"Quick Oats crystal set. 

I finally figured it was time 
to plan a crystal -set project 
for this column -but not just 
any project. I wanted one 
that reflected the con- 
struction techniques of the 

early 1920's, when radio 
broadcasting was in its in- 
fancy and radio receiving 
was an adventure that 
could be embarked upon 
by any kid with persistence, 
a talent for scrounging ma- 
terials, and just a couple of 
bucks in hard cash. 

According to legend, 
such a young experimenter 
would begin scrounging in 
the kitchen, where he hung 
around until mom was 
ready to relinquish an emp- 
ty Quaker Oats container. 
That sturdy cardboard cylin- 
der was just the right 
diameter to serve as a form 
for the all- important tuning 
coil. It was available for the 
asking in almost every 
American household, and I 

wish I had a penny for 
every foot of double -cot- 
ton- covered wire that was 
wrapped around one dur- 
ing the early days of the 
radio craze! 

CHECKING THE 
QUAKER OATS 
ARCHIVES 

I'd heard somewhere 
that the Quaker Oats Com- 
pany, having become 
aware of this very popular 
secondary use for its pack- 
aging, once published 
some crystal- set -making in- 
structions as an advertising 
ploy. Thinking that those in- 
structions would make a 
very good basis for a mod- 
em crystal -set reconstruc- 
tion, I contacted the 
Quaker Oats Archivist to see 
what she could find out. 

No such instructions 
turned up, but what I found 
out was just as interesting. 
Back in the early 1920's, 

Quaker Oats manufactured 
a self- contained crystal set, 
using a "Quick Oats" can- 
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Here's an actual "Quick 
Oats" set, complete with the 
original instruction book, as 
pictured on the cover of the 
1991 Antique Electronic 
Supply catalog. 

ister not only as a coil form 
but also as a chassis for the 
crystal detector, binding 
posts, and tuning mecha- 
nism. The archivist sent me 
a copy of a full -page news- 
paper ad from a Chicago 
newspaper of the period 
(which I'm running with this 
column) offering such a set 
as a Christmas promotion. 

That particular offer was 
local on Anyone desiring 
a set had to present himself 
at the downtown offices of 
the Quaker Oats Company, 
bringing along a dollar and 
proof -of- purchase seals 
from two Quaker Oats con- 
tainers. Five bucks would 
buy the complete outfit, in- 
cluding not only the radio 
but a set of 2400 -ohm 
phones, 100 feet of 
stranded antenna wire, a 
couple of insulators, and a 
50 -foot insulated lead -in 
wire. Not a bad deal, even 
considering the more valu- 
able currency of the time! 

As soon as I looked at the 
ad, I realized that I'd seen 
the set before. Eventually, I 

figured out where: An excel- 
lent photo of the radio, 67 
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complete with the original 
instruction book, appears 
on the cover of the 1991 

Antique Electronic Supply 
catalog. I'm reproducing it 

here with the kind permis- 
sion of that organization. 
You'll notice that the tuning 
coil is not visible, being lo- 
cated under the Quaker 
Oats label so as not to 
obscure the artwork. 

Although I'd certainly un- 
covered an interesting bit 
of crystal -set lore, I was no 
closer to finding a good 
construction project for this 
column. However, since 
Quaker Oats still sells its 

product in those neat cylin- 
drical containers, I was 
determined that whatever 
project I published would 
use one of them as a coil 
form. 

TUNING THE SIGNAL 
I eventually found what I 

wanted in How to Build Your 

Radio Receiver, a 1924 
handbook for experimen- 
ters published by Popular 
Radio, Inc. It's a set that was 
designed for home con- 
struction by the Bureau of 
Standards of the U.S. De- 
partment of Commerce. 
We'll get into the details of 
that radio next month, but 
I'd like to devote the re- 
mainder of this column to a 
brief discussion of crystal - 
set theory. 

The construction article 
for the Bureau of Standards 
receiver didn't include a 
schematic diagram, just 
mechanical drawings. That 
wasn't uncommon for the 
era, when the mechanical 
details of a radio were 
often more complicated 
than the electrical ones. 
However, the diagram I'm 
presenting with this column, 
taken from a 1922 publica- 
tion, is virtually identical to 
that of the set we'll be 
building. Notice that it in- 

cludes both schematic and 
pictorial representations of 
the parts layout. 

First, let's take a look at 
the tuning circuit; see Fig. 1. 

It consists only of a coil with 
two sets of taps. The varia- 
ble capacitor, shown by 
broken lines in two possible 
positions on the schematic, 
is optional and wasn't used 
in the Bureau of Standards 
set. When wound in accor- 
dance with the 
specifications given for that 
set, the coil will tune to the 
broadcast band with no 
capacitance other than 
that inherent in its mechan- 
ical construction. 

One might think that an 
external capacitor might 
be necessary to make fine - 
tuning adjustments, but on 
this set such adjustments 
were made by manipulat- 
ing the two tap switches. 
One of those selects the 
number of coil turns in 

groups of six; the other, in 

groups of Iwo. The "six" 

switch was used to set the 
receiver near the wave- 
length desired; fine 
adjustments could then be 
made with the 'two" switch. 

Instead of tap switches, 
some crystal -set designs (in- 
cluding the Quaker Oats 
Christmas radio) used a 
sliding contact that moved 
across the surface of the 
coil, selecting one turn at a 
time and making it possible 
to achieve even finer ad- 
justments. However, such an 
arrangement was a little 
harder for the home con- 
structor to put together. 

A tuning capacitor, if 

used, might certainly im- 
prove the selectivity of the 
Bureau of Standards set 
and also extend its tuning 
range. In the position indi- 
cated by Cl, the capacitor 
would enable the radio to 
tune to lower frequencies 
than those possible with just 
the bare coil; in the position 
indicated by C2, higher fre- 
quencies would be 
available. However, at least 
for starters, we'll build the 
set as designed. 

DETECTING THE 
SIGNAL 

An amplitude -modulated 
(AM) signal such as the 
crystal set is designed to 
receive consists of an audio 
component (the voice and/ 
or music being transmitted) 
superimposed on a radio - 
frequency signal known as 
the carrier. The amplitude, 
or strength, of the carrier 
varies in accordance with 
the pattern of the audio 
signal impressed upon it. In 

the graphic representation 
shown in Fig. 2(a), the car- 
rier is represented by the 
alternating current repeat- 
edly varying between plus 
and minus values. The au- 
dio signal is represented by 
the more gentle variations 
impressed on the carrier. 

The carrier enables the 
signal to travel through the 
space between the radio 
transmitter and your re- 
ceiver at the speed of light. 

tion and silence in the 
headphones. 

If you look at the crystal 
radio schematic, however, 
you'll see that no signal can 
pass through the head- 
phones without passing 
through the crystal detec- 
tor. The characteristics of 
the crystal are such that it 

acts as a one -way valve. 
The net effect is repre- 
sented in Fig. 2(b), where 
the negative parts of the 
signal have been com- 
pletely cut off with only the 
positive parts reaching the 
headphones. However, the 
rapid variations of the radio 
carrier can still be seen 
within the envelope of the 
audio signal. 

Now notice the fixed ca- 
pacitor shown connected 
in parallel with the head- 
phones. A capacitor is an 
energy storage device that 
becomes charged when 
the voltage across it rises, 

Fig. I. Here are the schematic and pictorial diagrams of the 
Bureau of Standards crystal set. It is very similar to the one that 
we'll be building next month. 

However, once at the re- 
ceiver, it must be removed 
because its presence 
makes it impossible to hear 
the audio. Looking at (a) 

again, notice that every 
positive point in the signal is 

balanced by an equal and 
opposite negative point. 
The result is signal cancella- 

then discharges back into 
the circuit as the voltage 
falls again. The net result is 

that the radio carrier varia- 
tions are smoothed out 
(filtered) and effectively dis- 
appear, as shown in Fig. 

2(c), leaving only the audio 
signal -which is now audi- 
ble in the phones. 
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Fig. 2. Here we show (a) a radio carrier (a); (b) the carrier after 
passing through the crystal detector; and (c) subsequent filtering 
by a headphone capacitor. 

The fact that the varia- 
tions of the audio signal are 
not also smoothed out and 
canceled has to do with 
the size of the capacitor. It's 

large enough to handle the 
rapid changes in the radio 
signal, but too small to han- 
dle the much slower ones in 
the audio. 

MECHANICS OF THE 
CRYSTAL DETECTOR 

Now that you know how 
a crystal detector works, ifs 
a little easier to explain 
what it is. Those of you with 
some electronic back- 
ground have recognized 
that in likening the action of 
a crystal detector to that of 
a one -way valve, we've 
really identified it as a crys- 
tal diode. In fact, this device 
really was the first solid -state 
diode to be commonly 
used in electronic circuits. 
But where its more modern 
counterparts were based 
on germanium and silicon 
compounds, the crystal de- 
tector used in the 1920's 
and 1930's employed a 
mineral called galena., oth- 
erwise known as lead ore. 

A small chunk of this min- 
eral, embedded in a 
cylindrical metal holder, is 

held in a metal cup 
mounted on a base made 
of insulating material. Also 
mounted on the base is a 
rod held in a ball- and -sock- 
et type universal joint so 
that it can be pivoted in 

any direction. At one end of 

the rod is an insulated han- 
dle and at the other is a 
spring loaded phosphor - 
bronze contact wire famil- 
iarly known as the "cat's 
whisker." The metal cup and 
rod are wired to electrical 
connectors on the base so 
that the detector can be 
hooked up to the rest of the 
receiver circuit. 

In order to make the de- 
tector work, the cat's 
whisker is placed in contact 
with the galena ore. But the 
sensitivity of the detector, 
and therefore the strength 
of the received signal, var- 
ies greatly depending on 
exactly where the cat's 
whisker is placed. Operat- 
ing a crystal radio involves 
a constant search for the 
ever -changing "sweet 
spot," the point where re- 
ception is maximized. 

See you next month, 
when we'll unveil the Bu- 
reau of Standards crystal - 
set project, complete with 
Quaker Oats coil! Until then, 
write to me do Antique 
Radio, Popular Electronics, 
500 -B Bi- County Blvd., Farm- 
ingdale, NY 11735. 
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