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

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

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

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

Foiling Information Thieves 
Discover the targets professional 

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

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

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

HAVE YOUR 
VISA or MC CARD 

AVAILABLE 

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

Stolen Information 
The open taps from where the informa- 

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

RADIO- ELECTRONICS VIDEO OFFER PE 
500 -B Bi- County Blvd. 
Farmingdale, NY 11735 

Please rush my copy of the Countersurveillance Techniques 
Video VHS Cassette for $49.95 plus $4.00 for postage and 

handling. 

No. of Cassettes ordered 

Amount of payment $ 

Bill my El VISA MasterCard 
Card No 
Expire Date / 

Signature 
Name 
Address 

City State ZIP 

All payments in U.S.A. funds. Canadians add $4.00 per 

VHS cassette. No foreign orders. New York State residents 
add applicable sales tax. 

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

Bugs of a very small size are easy to 
build and they can be placed quickly in a 
matter of seconds, in any object or room. 
Today you may have used a telephone 
handset that was bugged. It probably 
contained three bugs. One was a phony 
bug to fool you into believing you found a 
bug and secured the telephone. The sec- 
ond bug placates the investigator when 
he finds the real thing! And the third bug 
is found only by the professional, who 
continued to search just in case there were 
more bugs. 

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

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

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

The Dollars You Save 
To obtain the information contained in 

the video VHS cassette, you would attend 
a professional seminar costing $350 -750 
and possibly pay hundreds of dollars more 
if you had to travel to a distant city to 
attend. Now, for only $49.95 (plus 
$4.00 P &H) you can view Counters r- 
veillance Techniques at home and take 
refresher views often. To obtain your 
copy, complete the coupon below or Ball 

toll free. 
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A QUESTION OF BALANCE 
Putting together an issue of Popular Electronics is somewhat 
akin to walking a circus tightrope: You have to watch your 
balance if you want to avoid a disastrous fall. 

Just as in walking that tightrope, balance is the key to our 
success, or failure. Each issue we try to come up with a story 
lineup that looks at as many different aspects of the 
electronics hobby as possible. 

Take this issue. As you leaf through its pages, you'll find 
articles covering audio, radio, photography, computers, 
communications, and more. And that's all in addition to our 
consumer -electronics reviews and the coverage given to the 
various specialized segments of our hobby in our regular 
columns. 

But there is another important aspect to our search for 
balance: We try to balance the serious side of electronics with 
the fun side that any enjoyable hobby must have. For those of 
a more serious bent, there's the X4 Logic Probe -a four - 
channel logic tester that can make testing and troubleshooting 
digital circuits a lot easier. 

And we haven't forgotten those who just wanna have fun: For 
you there's the Lava Lamp. That relic from the psychedelic 
1960's is as much fun to build as it is to watch. 

No matter what your interest in-or attitude toward - 
electronics is, we think you'll find something you'll like in this, 
and every issue of Popular Electronics. 

Carl Laron 
Editor 



LIGHT DIMMER KIT 

Ordering information for the 
light- dimmer circuit used in the 
"Electronic Novelty Light" (Pop- 
ular Electronics, December 
1990) was inadvertently omitted 
from the article. The light dim- 
mer is available in kit form 
(Catalog # C4655) for $5.95 
from The Electronic Goldmine, 
P.O. Box 5408, Scottsdale, AZ 
85261; Tel: 602 -451 -7454. The 
kit includes an etched -and- 
drilled PC board and all compo- 
nents, including an AC line cord 
and plug. The company re- 
quires a $10.00 minimum order 
and has a flat $3.00 fee for 
shipping and handling.- Editor 

SSB /CW ADAPTER 

I was in the process of convert- 
ing an AM citizen band 
transceiver to the 10 -meter 
band (a Radio Shack Navaho 
23B that needed a BFO for SSB 
reception), when the May 1990 
issue of Popular Electronics 
came out. The adapter for SSB/ 

LETTERS 

CW was just the ticket. I added 
a product detector along with 
the adapter on the same 11/2 by 
3 -inch board, and everything 
mounted with plenty of space. 
When I hooked up the product 
detector, I didn't use any par- 
ticular precautions in lead 
length. I can assure you that it 
works! 

I've been a reader of Popular 
Electronics for more years than 
I can remember, and have built 
various items through the years. 
The magazine makes a good 
reference library for electronics 
buffs like me. 

B.U. 
Ponoka, Alberta, Canada 

PRODUCTS FOR THE 
BLIND 

In reference to the letter in the 

December issue of Popular 
Electronics, concerning visu- 
ally- impaired people being 
frustrated by technology, I found 
a product years ago in a com- 
puter magazine that might be a 
small help. It's a low -tech, peel - 
and -stick bump that can be 
stuck on to the "home" buttons 
of calculators, PC keyboards, 
microwave ovens, and on things 
like the identical lock/unlock 
buttons on certain car doors. 
They are manufactured by Pro- 
digy Products Company (864 
Cambridge Road, Cleveland 
Heights, OH 44121, Tel: 
216 -381 -0500). I bought a box - 
full and handed them out elderly 
relatives and blind friends, who 
give them rave reviews. 

Moving up the high -tech lad- 
der, I'd love to see some maker 
of telephone- answering ma- 
chines tie the "messages" light 

with an AC socket on the back. 
Blind folks could put a tiny fan, 
for instance, into such an outlet. 
/ would love to plug in a 60 -watt 
lamp for a message light that I 

could easily see, instead of 
peering dimly into the night - 
stand's gloom. 

J.H.T. 
Chicago, IL 

HAVES AND NEEDS 

I'm looking for an owner's man- 
ual for my Realistic Comp -100 
(Radio Shack catalog No. 
20 -110), which I purchased sec- 
ond -hand. Radio Shack no 
longer has information available 
on it. If anyone can help me 
with this I will gladly pay any 
copying and mailing costs. 

Keith Tonn 
P.O. Box 103 

Coleman, WI 54112 

Train at Home to be an 
Electronics Technician! 

Professional training and equipment can help 
you qualify for a dynamic, high -paying career 
in your spare time. 

As the demand for computers and micro- 
processors in business and manufacturing 
continues to grow, so does the need for 
qualified technicians. It's not unusual for ex- 
perienced technicians to earn from $35,000 
to more than $40,000 a year.* Now there's 
a way you can train for this exciting field 
without interrupting your job or home life. 

Choose From These Programs of Study 

Electronics & Microprocessor Technology 

Industrial Electronics & Microprocessor 
Technology 

Computer Servicing & Electronics 
Technology 

Specialized Associate Degree In 
Electronics Technology 

You Get Professional Equipment 
For Professional Training 

Depending on the program you select, you'll 
perfect your skills using this advanced equip- 
ment, included in the price of tuition: 

P Source- U.S. Bureau iil Labor St,ubo, 

IBM -Compatible 
Personal Computer 

Digital Multimeter 
Digital Logic Probe 
Elenco Oscilloscope 

Exclusive Extras 
That Enhance Your Training 

Peoples College introduces some training firsts 
to make your learning experience more 
complete: 

Accelerated Learning System - a scien- 
tifically proven study system that lets you 
learn faster and easier than ever before. 
Optional One -Week Seminar - available 
with our advanced programs. Conducted 
on our campus near Orlando, Fla. Not 
required for graduation, buta valuable 
opportunity to fine tune your skills with 
personal guidance. 

Video Tutor Training Tapes - give you a 

permanent, visual record of informative 
lectures and close -up demonstrations. 

Experience Labs - professionally 
designed experiments that give you hands - 
on "bench" experience. 

Industry Certification Training Guide - 
provided with three of our programs. 
Gives you first -hand insight into the 
examination you may take for your 
professional I icense. 

For COLOR CATALOG Mail 
Coupon or Call TOLL FREE 

1 -800- 765 -7247 
Prngnans offered only in United States. Canada. Puerto Rico 
and Virgin Islands. No Obligation. No sales person will call. 

Our programs are accredited by the Accrediting 
Commission of the National Home Study Council 

r n< 
I 

YES! i would like to know more about your I 

training programs. Send a catalog to: I 

Name 

Address 

City I 

State Zip 

PEOPLES COLLEGE 
OF I N D E P E N D E N T S I J D I E S 

233 Academy Drive P.O. Box 421768 
Kissimmee, FL 34742 -1768 

S1emhrr. D.1.. People, croup E0391 
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COMMUNICATIONS 

AOR Scanners. 
Great Performance. Great Service. Great Value. 
Free Freight 
25 -Day Money -Back Guarantee 
Toll -Free Service and Support 
No Credit Card Surcharge 
One Year Warranty 

ÁR1000 $499 
1000 Channels. 8- 600MHz, 805- 1300MHz 
Standard Features: 

Extremely compact size. 
Continuous coverage (except UHF TV 600 -805) 
Antenna attenuator switch, 10db. 
Manual tuning knob. 
Earphone jack, 3.5mm. 
AM, FM and wide band FM tuning modes. 
Backlighted LCD display. 
10 Scan Banks, 10 Search Banks. 
Selectable Priority Channel. 
Delay, Hold Features. 
Selectable Search Increments, 5- 955KHz. 
Permanent memory backup. 
4 AA Ni Cad batteries included. 
AC adaptor /charger. 
Carry Case. 
Cigarette Lighter Charger. 
Belt Clip. 
Earphone. 

Options: 
External Speaker. Mobile Mount. 
Extended Warranty. 2/3 yrs 

Specifications: 
Coverage: 
Sensitivity: 
Speed: 
IF: 
Increments: 
Audio: 
Power: 
Antenna: 
Display: 
Dimensions: 

MS190 $19.50 
$45/$55 

8 -600, 805,1300MHz 
.35uV NFM,1.0uV WFM, I.OAM 
20 ch /sec. scan. 40 ch /sec. search 
561.225, 58.075, 455KHz or 10.7MHz 
5 to 955KHz selectable/ 5 or 12.5 steps. 
.4 Watts 
Input 9 -13.8 V. DC 
BNC 
LCD 
6 7/8H x 1 3/4D x 21 /2W. 12oz wt. 

AR950 $239 

100 Channels. Low, Air, High, UHF & 
800MHz. 
Standard Features: 

Extremely compact size. 
Unrestricted 800MHz coverage. 
100 channels permanent memory. 
Earphone Jack & Attenuator. 
Delay, Hold features. 
Channel 1 Priority. 
5 Scan Banks, 5 Search Banks. 
Telescopic and Flexible Antennas 
w/ BNC connector. 
AC & DC Power cords w/ mtng hardware. 
One Year Limited Warranty. 

Options: 
Base type antenna 

25 to 1000MHz w 50'coax. AS300 
Mag Mnt Mobile Antenna. 15' coax. MA100 
Cigarette Lighter power adaptor. CP100 
External Speaker 

with mobile mount. MS100 
Extended Warranty. 2/3 yrs 

Specifications: 
Coverage: 
Sensitivity: 

Scan Speed: 
IF: 
Increments: 
Audio: 
Power: 
Antenna: 
Display: 
Dimensions: 

$59.95 
$25.00 
$4.00 

$19.50 
$40/$55 

27 -54, 108- 174, 406 -512, 830- 950MHz 
.4uV Lo,Hi. .8uV Air. .5uV 
UHF. 1.0uV 800 
15 ch /sec. 
21.4MHz, 455KHz 
10,12.5,25,30 
1W 
12.8VDC, 200MA 
BNC 
LCD w /backlight 
21 /4H x 5 5/8W x 61 /2D. 14oz wt. 

We offer 100's of communications products. 
CIRCLE 19 ON FREE INFORMATION CARD 



COMMUNICATIONS 

AR2500 $499 

2016 Channels. 1 MHz to 1500 MHz 
Standard Features 

Continuous coverage 
AM, FM, wide band FM, & BFO for SSB, CW. 
64 Scan Banks. 
16 Search Banks. 
RS232 port built in. 

Includes AC /DC pwr crd. Antenna, Mntng Brckt. 
One Year Limited Warranty. 

Options: 
Earphone. EP200 $2.00 
External Speaker. Mobile Mount. MS190 $19.50 
Extended Warranty. 2/3 yrs. $65/75 
Mobile Mounting Bracket. MM1 $14.90 
RS232 Control Package SCS2 $295.00 

AR3000 $995 

400 Channels. 100KHz to 2036MHz. 
Standard Features: 

Extremely compact size. 
Continuous coverage 
Attenuation Programmable by Channel. 
Manual tuning knob. 
Tuning increments down to 50Hz. 
AM, FM, wide band FM, LSB, USB, CW modes. 
Backlighted LCD display. 
4 Scan and Search Banks, Lockout in Search. 
4 Priority Channels. 
RS232 control through DB25 connector. 
Delay, Hold Features. 
15 band pass filters, GaAsFET RF amp. 
Sleep and Alarm Features. 

AC adaptor /charger. DC power cord. 
Telescopic Antenna. 

Options: 
Earphone. 
External Speaker. Mobile Mount. 
Extended Warranty. 2/3 yrs. 
Mobile Mounting Bracket. MMl 
RS232 Control Package SCS3 

(software & cable) offers spectrum display 
and database. 

EP200 $2.00 
MS190 $19.50 

$65/75 
$14.90 
$295.00 

(software & cable) offers spectrum display 
and database. Specifications: 

Coverage: 100KHz - 2036MHz 
Specifications: 

Coverage: 1 MHz - 1500MHz 
Sensitivity: .35uV NFM, 1.0uV WFM, 

1.0AM /SSB /CW 
Sensitivity: .35uV NFM, 1.0uV WFM, 

1.0AM /SSB /CW 
Speed: 
IF: 

20 ch /sec. scan. 20ch /sec. search 
736.23, (352.23) (198.63) 45.0275, 455KHz 

Speed: 38 ch /sec. scan. 38 ch /sec. search Increments: 50Hz and greater 
IF: 750.00, 45.0275, 5.5MHz 455KHz Selectivity: 2.4Khz /-6db (SSB) 12KHz / -6db 
Increments: 5,12,5,25 KHz (NFM /AM) 
Audio: 1.2 Watts at 4 ohms Audio: 1.2 Watts at 4 ohms 
Power: Input 13.8 V. DC 300mA Power: Input 13.8 V. DC 500mA 
Antenna: BNC Antenna: BNC 
Display: LCD, backlighted. Display: LCD 
Dimensions: 21/4Hx55/8W x 6 1/2D Wt. 11b. Dimensions: 3 1/7H x 5 2/5W x 7 7/8D Wt. 21b 10oz. 

To Order Call l 800.445.7717 
In All 50 States and Canada. 24 Hours a Day. Fax Orders: 1- 800 -448 -1084, 24 Hours a Day. 

ACE Communications Monitor Division 10707 E. 106th Street, Fishers, IN 46038 
Int'l Voice# 317 -842 -7115. Int'l Fax# 317 -849 -8794. 

Service and Support Lines: Mon -Fri 9a.m. to 9p.m., Saturday 10-4. EST 
MasterCard, Visa, American Express, Checks, Approved P.O.'s. & C.O.D. (add 5.00) 

Prices and specifications subject to change. 

CIRCLE 19 ON FREE INFORMATION CARD 5 



6 

Video 
Lighting and 

Special 
Effects 

by James R. Caruso 
and Mavis E. Arthur 

ELECTRONICS 
LIBRARY 

One of the most effective 
ways to give any home video a 

professional look is to use light- 

ing that enhances the mood 

and style of the production. This 

book provides a practical intro- 

duction to lighting, explaining in 

plain English the fundamental 
technological principles and ex- 

ploring all the basic techniques 
needed to achieve the desired 

effects. More than 200 pho- 
tographs and illustrations depict 
the do's and don'ts of video 
lighting, and step -by -step direc- 
tions explain how to determine 

what to light, what type of light 
to use, how to place lights effec- 
tively, and how to prepare a 

"lighting plot " -a script for light- 
ing your video production. 

Hands -on exercises walk the 
reader through first -time experi- 
ences such as observing light 
and shadows, determining light- 
ing ratios, using filters, 
arranging basic lighting setups, 
and even how to light particular 
styles of films -a soap opera 
and a news broadcast. 

In addition, the book demon- 
strates how to create more than 
100 special effects. Inexpensive 
props -dry ice, miniatures, 
etc. -are used to add drama 
and realism to home video pro- 
ductions. As with the lighting 
directions, the special effects 
are presented clearly, with an 

emphasis on having fun while 
learning. 

Video Lighting and Special 
Effects is available for $24.95 
from Prentice Hall, Englewood 
Cliffs, NJ 07632; Tel: 

201 -767 -5937. 

CIRCLE 99 ON FREE 

INFORMATION CARD 

THE "TOP SECRET" 
REGISTRY OF U.S. 
GOVERNMENT 
RADIO FREQUENCIES: 
25 to 470 MHz 
by Tom Kneitel, K2AES 

This is the seventh edition of 

the standard registry of VHF/ 
UHF federal- agency frequen- 
cies, a popular reference source 
for scanner owners, and for the 
news media, law- enforcement 
agencies, the communications 
industry, and even federal -gov- 
ernment agencies. The 240 - 
page book provides frequen- 
cies, call signs, tactical ID's, 

locations, frequency usage, air - 
craft/ship rosters, and other 
fascinating information -such 
as agents' buzzwords and 10- 

codes, federal -vehicle license - 
plate codes, and the con- 
fidential codes used on State 
Department license plates to 
identify the nationality of foreign 
diplomats. It explains how to get 
the best results when monitor- 

ing federal frequencies and how 
to discover new stations. Tom 
Kneitel also reveals some back- 
ground information about how 
he managed to obtain some of 
the "top secret" listings. 

The book covers approxi- 
mately 80 agencies, including 
the FBI, Secret Service, 
Customs, DEA, ATF, CIA, NSA, 
U.S. Marshall, federal prisons, 
Department of State, national 
parks and forests, FAA, FCC, 
NASA, Coast Guard, ICC, 
FEMA, Fish & Wildlife, Immigra- 
tion, Border Patrol, NORAD, 
NRC, and Veterans Administra- 
tion, as well as all military 
services. In addition, it covers 
the UHF military- aeronautics 
band (225 -400 MHz) at military 
and civilian airports and FAA 

facilities nationwide, and many 
2 -25 -MHz frequencies are 
listed. Expanded coverage is 

given to Canadian listings. 

The "Top Secret" Registry of 
U.S. Government Radio Fre- 
quencies is available for $19.95 
(plus $2.00 for Book Class mail- 
ing or $3.00 for First Class Mail, 
and $1.50 sales tax for NY 
residents only) from CR6 Re- 
search Books, Inc., P.O. Box 
56, Commack, NY 11725. 

CIRCLE 80 ON FREE 
INFORMATION CARD 

AMERICAN COUNCIL 
OF INDEPENDENT 
LABORATORIES 
1990 -1991 DIRECTORY 
from The American Council of 
Independent Laboratories 

This guide to the leading inde- 
pendent testing, research, and 
inspection labs in the United 
States is a useful reference for 
anyone seeking third -party en- 
gineering or laboratory testing, 
research and development, or 
consulting services. It contains 
348 full -page listings that pro- 
vide key information about each 
company. In addition, com- 



prehensive indexes containing 
more than 300 product/service 
categories and nearly 200 test- 
ing disciplines are 
geographically cross -referenced 
to 1000 facilities nationwide and 
abroad. 

The American Council of In- 
dependent Laboratories 
1990 -1991 Directory is available 
for $25.00 from AGIL, Inc., Attn: 
1990 -91 Directory, 1725 K 
Street, Washington, DC 20006; 
Tel: 202 -887 -5872. 

CIRCLE 81 ON FREE 
INFORMATION CARD 

GUIDE TO HIGH 
PERFORMANCE DMMs 
from John Fluke Mfg. Co., Inc. 

Introducing regular users as 
well as first -time buyers to the 
high -performance functions pro- 
vided by today's digital 
multimeters, this booklet pro- 
vides helpful selection criteria 
and information on how to get 
the most out of the instruments. 
Beginning with a description of 
a high -performance DMM, the 
text explains that it goes far 

beyond the usual volts, ohms, 
and amps measurements. Sec- 
tions are included on extended 
measurement capabilities, re- 

cording modes, special 
features, and accessories. To 

help match the technician and 
application with the best meter, 
there's a chapter on selecting 
true -rms and averaging meters. 

Guide to High Performance 
DMMs is available at no charge 
from more than 600 distributor 
locations in North America or by 

calling John Fluke Mfg. Co., Inc. 
(P.O. Box 9090, Everett, WA 
98206 -9090) at 800 -44- FLUKE. 

CIRCLE 82 ON FREE 
INFORMATION CARD 

DOS: THE COMPLETE 
REFERENCE 
Second Edition 
by Kris Jamsa 

Providing the answers to all the 
most common questions users 
of DOS (through version 3.3) 
have, the second edition of this 
comprehensive reference con- 
tains essential information on 
both PC -DOS and MS -DOS. It 

is written for those who need an 
easy -to- understand overview of 
the disk -operating system, as 
well as for those who require 
advanced programming and 
disk- management techniques. 
To facilitate learning, each chap- 
ter begins with a discussion of 
specific applications followed by 
a list of related commands. 
Each chapter also includes re- 
view questions and answers. In 

addition to fundamental infor- 
mation needed to understand 

how DOS and personal comput- 
ers work, the book covers such 
subjects as international DOS 
concerns, EDLIN (the DOS line 
editor), customizing DOS, pro- 
gramming DOS, and Microsoft 
Windows. All of the routines in 

the book are available optionally 
on diskette, in a package that 
also includes utilities such as an 
on -line help feature that pro- 
vides help for all of the DOS 
commands. 

DOS: The Complete Refer- 
ence (Second Edition) is 
available for $26.95, and the 
diskette package for $17.95 
plus $2.00 U.S. shipping and 
handling ($5.00 foreign), from 
Osborne McGraw -Hill, 2600 
Tenth Street, Berkeley, CA 
94710. 

CIRCLE 84 ON FREE 
INFORMATION CARD 

PROCEEDINGS 1990 
from Fine Tuning 
Special Publications 

Fine Tuning, a non -profit organi- 
zation of senior radio hobbyists 

(Continued on page 12) 

Parts Express 
2 -1/2" SANYO TWEETER 
Paper cone with gold tone 
dust cap. 8 oz. magnet. 
8 ohm. 1/2" ferro fluid 
voice coil. Power 
handling: 50W RMS, 
70W max. Frequency re- 
sponse: 3K- 20KHz. 

#PD- 271 -020 $195 $175 95c 
(1 -9) (10 -59) (60 -up) 

SUPER HORN TWEETER 
Original piezo tweeter 
made by Motorola. 
SPL =94 dB 2.83V/1 M. 
Response: 4KHz- 
27KHz. Handles ap- 
proximately 50 watts. 

#PD- 270 -010 

15" SUBWOOFER 

Dual voice coil. 40 oz. magnet. 6 ohm 
imp. 100W RMS, 140W max. Response: 
20- 1.2KHz. Resonant frequency: 21 Hz. 
SPL =93 dB 1W/1M. 

(If? PIONEER' 
#PD-290-190 

$5450 
3) 

2" DOME MIDRANGE 

Textile dome 
midrange made by 
Philips. 8 ohm. 
SPL =90 dB 1W /1M. 
30W RMS, 40W 
max. Response: 
550 -5KHz. 

#PD- 280 -210 

340 E. Fust St, Dayton, Ohio 45402 
Local: 1-513- 222.0173 
FAX: 513- 222.4644 

$2730 $2570 
(4-UP) 

$4990 
N-w) 

SUBWOOFER XOVER 

200W RMS crossover designed 
specfically for use with dual voice coil sub 
woofers. 12 dB per octave roll -off at 
150Hz. 

#PD- 260 -220 $2880 $244° 

15 day money back guarantee $15.00 minimum order We accept 
Mastercard, Visa, Discover. and C.O.D. orders. 24 tour shipping 
Shipping charge - UPS chart rate u $1.00(53.00 minimum charge) 
Hours 8:30 am- 7:00 pm EST, Monday - Friday Mail order custom- 
ers, please call for shipping estimate on orders exceeding 5 lbs. 
Foreign customers please send $5.00 U.S. funds for catalog postage. 

10" POLY WOOFER 
Medium 
duty. 60W 
RMS, 80W 
max. 14 oz. 
magnet. 
Response: 
25- 2.5KHz. 
fs =28Hz. 

#PD -290 -096 
S1859 $1690 

14w1 

TITANIUM COMPOSITE 
TWEETER 
The advantages of 
both hard and sott 
dome technologies. 
6 ohm. Ferro fluid 
cooled voice coil. 
SPL =90 dB 1W /1M. 
50W RMS, 70W 
max. 4" round. 
Polydax 
#DTW 1007125. 

potycia 
#PD-270-047 

12" CAST FRAME 
WOOFER 

äC -; 

EMINENCE 
12" woofer made in the USA by Eminence. 
Paper cone and dust cap with treated cloth 
surround. 80 oz. magnet. 2 -112" vented 
voice coil. 8 ohm. 170W RMS, 235W max. 
40- 4.5KHz response. 

#PD- 290 -147 $7290 $6950 
31 (4w) 

SPEAKER BUILDING 
BOOK 
Revised edition 
of David Weems' 
best selling book. 
Learn to build low 
cost speakers 
that rival the high 
priced models 

#PD- 500 -021 

ua'. 
.PI IAi l[,FnI V 

$1695 

CALL TOLL FREE 

1 -800- 338 -0531 
CIRCLE 6 ON FREE INFORMATION CARD 
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Join 
the Electronics and 

Control Engineers' 
Book 
Club® 

TROUBLESHOOTING ELECTRONIC 
EQUIPMENT WITHOUT SERVICE 
DATA, Second Edition. By R.G. 
Middleton. 320 pp., illus. This indispen- 
sable new edition features all the informa- 
tion that made the first edition so suc- 
cessful, plus the latest developments in 
digital testing, phase checks, IC 
trouleshooting, and repair of VCRs, ste- 
reos, TVs, tape recorders, and much, 
much more. 
585092 -3 Pub. Pr., $30.00 Club Pr., $22.50 

PRINTED CIRCUITS HANDBOOK, 
Third Edition. By C. F. Coombs, Jr. 960 
pp., 556 illus. Here in one handy volume 
is all the information you need to design, 
manufacture, test, and repair printed wir- 
ing boards and assemblies. This new 
edition features ten all -new chapters, 
including three on SMT. 
126'097 Pub. Pr.. $64.95 Club Pr., $45.50 

PRACTICAL ELECTRICAL WIRING. 
Fifteenth Ed. By H. P. Richter & W. C. 
Schwan. 672 pp., Illus. The latest edition 
of the classic guide to electrical wiring. 
Updated to cover 1990 Code, this compre- 
hensive reference explains the how and 
why of each operation -all without ad- 
vanced mathematics. 
523/932 Pub. Pr., $32.95 Club Pr., $24.95 

MCGRAW -HILL ENCYCLOPEDIA OF 
ELECTRONICS AND COMPUTERS, 
Second Edition. S. Parker Editor-in- 
Chief 1,047 pp., 1,250 illus. Featuring 160 
new and revised articles, this new edition 
treats the entire spectrum of applications, 
devices, systems, and theory in areas 
ranging from the flow of electricity to 
hardware, software, robotics, and IC 
fabrication. 
454/99X Pub. Pr., $79.50 Club Pr., $54.95 

COMMUNICATIONS RECEIVERS: 
Principles and Design. By Ulrich L. 
Rohde and T.T.N. Bucher. 608 pp., 402 
illus. Everything you need to know if you 
design or work with communications 
receivers, from theory to practical design 
approaches. Coverage includes all types 
of receivers: shortwave, broadcast, radar, 
military, marine, aeronautical, and more. 
535/701 Pub. Pr., $64.95 Club Pr., $44.50 
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Cable 
Television 

Technology á operations 
HDTV AND NISC',SLEDS 

MOM 

your one source for engineering books 
from over 100 different publishers 
the latest and best information in your field 
discounts of up to 40% off 
publishers' list prices 

New Members! 
Take any one of these great 

professional 
books $2 89 

for only 
as a premium with your 

first selection! 

Spectacular values up to $197.90 
MCGRAW- HILL'S NATIONAL ELEC- 
TRICAL CODE HANDBOOK. Twen- 
tieth Ed. By J. F. McPartland & B. J. 
McPartland. 1,264 pp., 1,150 illus. The 
latest edition of this definitive sourcebook 
clearly and completely incorporates all 
new and reworked sections, including 
special requirements for conductor impac- 
ity, branch circuits, grounding, and more. 
458/146 Pub. Pr., $49.50 Club Pr., $37.50 

ENGINEERING 
FORMULAS, 
Sixth Edition 
By Kurt Gieck and Reiner Gieck 

568 pp., 4 x 6, illus., 234/558 
This new edition of the classic engi- 
neers' pocket guide has been fully 
updated to include new material on 
differential equations, integral and 
vector calculus, electrical engineering, 
and more. Logically arranged and 
just the right size, ENGINEERING 
FORMULAS is better than ever ... 
and it's yours ABSOLUTELY FREE! 

Kurt Gieck 
Reiner Gieck 

Engineering 
Formulas 
6th Edition 

A $25.95 
Value -Yours 
ABSOLUTELY 

FREE 
I 

DESIGNING WITH HELD-EFFECT 
TRANSISTORS, Second Ed. By 
Siliconix Inc., Revised by E. Oxner. 320 
pp., illus. This on- the -job guide provides 
page after page of practical data, tables, 
examples, and design and specification 
strategies to help you capitalize on recent 
breakthroughs in MOSFET design. Cover- 
age includes FET operating principles and 
procedures ... step -by -step fabrication 
methods ... how to bias FETs for desired 
performance ... and much more. 
575/371 Pub. Pr., $39.95 Club Pr., $29.95 

PORTABLE ELECTRONICS DATA 
BOOK. By J. Douglas- Young. 360 pp., 
illus.. softcover. A -to -Z coverage of all the 
essential facts, figures, and formulas you 
need in a format that's easy to use and 
easy to carry. Includes equations, algo- 
rithms, and BASIC programs in areas 
ranging from alternating current to wave - 
guides and cavities. 
585390 -6 Pub. Pr., $33.00 Club Pr., $24.95 

CABLE TELEVISION TECHNOLOGY 
AND OPERATIONS: HDTV and NTSC 
Systems. By E. R. Bartlett. 400 pp., 
illus. From practical troubleshooting to 
large -scale system upgrades, get step -by- 
step guidance on the design, manufac- 
ture, and maintenance of today's cable TV 
systems. 
039/577 Pub. Pr.. $49.50 Club Pr.. $37.50 

MOBILE CELLULAR TELECOM- 
MUNICATIONS SYSTEMS. By W.C.Y. 
Lee. 442 pp., 215 illus. A to Z coverage of 
state -of -the -art cellular systems, from de- 
sign to implementation and troubleshoot- 
ing. Clearly explains spectrum efficiency, 
propagation models and prediction, inter- 
ference treatment, and more. 

370/303 Pub. Pr., $62.95 Club Pr., $44.50 

EASY AutOCAD: A Tutorial Ap- 
proach. Second Ed. By J. D. Hood. 
296 pp., illus. Now you can teach yourself 
all the techniques you need to apply Auto - 
CAD to all your drafting projects. Updated 
through Release 10, this best -selling tuto- 
rial takes you from booting up through 
three -dimensional drafting and advanced 
topics. 
297/509 Pub. Pr., $39.95 Club Pr., $27.50 

INTERNATIONAL ENCYCLOPEDIA 
OF INTEGRATED CIRCUITS. Edited by 
S. Gibilisco. 1,063 pp., illus. Instant ac- 
cess to over 1,000 ICs from the world over, 
with complete practical details on each 
circuit, including what it is, what it does, 
how it does it, and its relationship to other 
ICs and their uses. 
585263.2 Pub. Pr., $75.00 Club Pr., $52.50 

PRACTICAL ELECTRONIC TROU- 
BLESHOOTING. By J. D. Lenk. 394 pp., 
illus. A clear, no- nonsense guide to identi- 
fying and correcting faults in industrial 
machinery, military equipment, and con- 
sumer products. Includes valuable 
pointers on using manuals and data 
sheets, localizing the problem, break- 
downs in more than one circuit, and more. 
585439 -2 Pub. Pr., $37.00 Club Pr., $28.95 

SURFACE -MOUNT TECHNOLOGY 
FOR PC BOARD DESIGN. By J.K. Hol- 
lomon, Jr. 504 pp., illus., softcover. Get a 

real working understanding of SMT. This 
up -to -date guide provides a proven, step - 
by -step approach to SMT design as it thor- 
oughly covers components, methods, and 
techniques for maximizing quality, re- 
liability, and profitability. 
585235-7 Pub. Pr., $49.95 Club Pr., $36.50 



INDUSTRIAL ELECTRONICS, Third 
Ed. By J.T. Humphries and L.P. Sheets. 
651 pp., illus. A clear, convenient guide to 
the components and systems used in 
modern industry. Included is an extensive 
collection of manufacturers' data sheets, 
along with many quick- access tables and 
charts. 
585226 -8 Pub. Pr., $41.95 Club Pr., $31.95 

MORE C TOOLS FOR SCIENTISTS 
AND ENGINEERS. By L. Baker. 308 pp., 
illus. Now you can apply the C program- 
ming language to problems in statistics, 
graphics, mathematics, linear systems, 
and more. Coverage includes sparse sys- 
tems, multivariate statistics, contour plot- 
ting, sorting: . . all presented in state -of- 
the -art algorithms. 
033/587 Pub. Pr., $29.95 Club Pr., $22.95 

Digital Filters 
and 

Signal Processing 

SECOND EDITION 

DIGITAL FILTERS AND SIGNAL PRO- 
CESSING, Second Ed. By L.B. Jack- 
son. 410 pp., illus. An acclaimed guide to 
signal processing theory, design 
methods, and implementation strategies. 
Using an intuitive approach, the author 
covers state -space representation, A/D 
and D/A conversion, the DFT, FFT, and 
much more. 
585269 -1 Pub. Pr., $52.50 Club Pr. $39.50 

SWITCHGEAR AND CONTROL 
HANDBOOK, Second Ed. Edited by 
R. W. Smeaton. 1,056 pp., 789 illus. The 
only handbook that treats all aspects of 
switchgear control, including design, ap- 
plications, safety, and maintenance. Up- 
dated to reflect the changes brought about 
by the use of computers, solid -state 
devices, and programmable controls. 
584/494 Pub. Pr., $85.00 Club Pr., $59.95 

PRACTICA!.. 
ELKTRON:C 
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ANTENNA APPLICATIONS REFER- 
ENCE GUIDE. Edited by R. C. Johnson 
and H. Jasik. 496 pp., 368 illus. and 
tables. Covers the major applications of 
antenna technology in all areas of commu- 
nications and their design methods. Em- 
phasizes important new applications such 
as earth station, satellite, seeker, aircraft, 
and microwave -relay antennas. 

322/848 Pub. Pr., $59.95 Club Pr., $42.50 

C: The Complete Reference. Sec- 
ond Ed. By H. Schildt. 823 pp., illus., 
softcover. This acclaimed reference is now 
updated to include the ANSI C standard 
and all new material on C++ program- 
ming. Now you'll have the answer to vir- 
tually any question on C at your fingertips. 
881538 -X Pub. Pr., $28.95 Club Pr., $21.95 

AUDIO ENGINEERING HANDBOOK. 
Edited by K. B. Benson. 1056 pp., 722 il- 
lus. The ideal on- the -job reference for pro- 
fessionals who design, operate, and ser- 
vice audio equipment. It's a one -volume 
source of fundamental audio acoustics en- 
gineering information and practical how -to 
source book covering generation, trans- 
mission, storage, and reproduction of the 
audio signal. 
047/774 Pub. Pr., $86.95 Club Pr., $59.95 

JOHN D. LENK 

SECOND EDITION 

Here's how the Club works to 
serve YOU: 

IMPORTANT INFORMATION ...WE MAKE IT EASY TO GET! 
In our rapidly changing world, those who perform best are those who are best 
informed. Designed exclusively for the practicing engineer, the Electronics and 
Control Engineers' Book Club provides you with information that is relevant, 
reliable, and specific enough to meet your needs. Each Club bulletin comes your 
way 14 -16 times a year and offers you more than 30 books to choose from - the 
best and newest books from all publishers! 

DEPENDABLE SERVICE ...WE'RE HERE TO HELP! 
Whether you want information about a book or have a question about your 
membership, our qualified staff is here to help. Just call us toll free or write to our 
Customer Service. We also make sure you get only the books you want. All you do 
is simply tell us your choice on the Reply Card and return it to us by the specified 
date. If you want the Main Selection, do nothing - it will be sent to you 
automatically. (A small shipping and handling charge is added to each shipment.) 

CLUB CONVENIENCE ...WE DO THE WORK! 
Beyond the benefit of timely information, Club membership offers many other 
benefits. For example, you get a wide choice of books that cannot be matched by 
any bookstore - anywhere. And all your books are conveniently delivered right to 
your door. You also get the luxury of 10 full days to decide whether you want the 
Main Selection. If you should ever receive a Main Selection you don't want because 
the Club bulletin came late, just return it for credit at our expense. 

SUBSTANTIAL SAVINGS ...AND A BONUS PROGRAM TOO! 
In keeping with our goal to provide you with the best information at the greatest 
possible savings, you will enjoy substantial discounts - up to 40% ! - on every book 
you buy. Plus, you're automatically eligible for our Bonus Book Plan which allows 
you savings up to 70% on a wide selection of books. 

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

rir 
1:11 

Be sure to 
consider these 
important 
titles as well! 
ASSEMBLY LANGUAGE PROGRAMMING 
FOR THE 80386. By J. N. Fernandez and R. 
Ashley 
205/752 Pub. Pr., $24.95 Club Pr., $18.95 

LENK'S VIDEO HANDBOOK: Operation 
and Troubleshooting. By J. D. Lenk. 
372/918 Pub. Pr., $39.95 Club Pr., $29.95 

ESSENTIAL CIRCUITS REFERENCE GUIDE. 
By J. Markus 8 C. Weston. 

404/623 Pub. Pr., $59.95 Club Pr., $47.50 

THE PROGRAMMABLE LOGIC DEVICE 
HANDBOOK. By V. L. Burton. 
595568.2 Pub. Pr., 549.95 Club Pr., $34.95 

ENGINEERING FUNDAMENTALS FOR THE 
PROFESSIONAL ENGINEERS' EXAM, Third 
Ed. By L.M. Polentz. 
503/931 Pub. Pr., $39.50 Club Pr., $27.95 

DIGITAL BUS HANDBOOK. Edited by J. 
DiGiacomo. 
189/233 Pub. Pr., $84.50 Club R., $48.50 

COMPLETE GUIDE TO ACTIVE FILTER DE- 
SIGN, OP AMPS, AND PASSIVE COMPO- 
NENTS. By Z. H. Meiksin. 
585454 -9 Pub. R., $35.00 Club Pr., $27.50 

PRINTED CIRCUITS DESIGN: Featuring 
Computer -Aided Technologies. By G. L. 
Ginsberg. 
233/098 Pub. Pr., $39.95 Club Pr., $29.95 

DIGITAL AND MICROPROCESSOR TECH- 
NOLOGY, Second Ed. By P J. O'Connor. 
585184 -9 Pub. Pr., $42.00 Club Pr., $33.50 

ELECTROSTATIC DISCHARGE CONTROL: 
Principles and Practice. By O. J. McAteer. 
448 358 Pub. Pr., $59.50 Club Pr., $44.50 

MAIL THIS COUPON TODAY 

McGraw -Hill Book Clubs 
Electronics and Control Engineers' 
Book Club® 
P.O. Box 582, Hightstown, NJ 08520 -9959 

Please enroll me as a member and send me the two 
books indicated, plus ENGINEERING FORMULAS, 6 /e. I 

am to receive one book for just $2.89, the other Mille 
discounted member's price, plus local tax, shipping 
and handling charges. I agree to purchase a minimum 
of one additional book during my first year of member- 
ship as outlined under the Club plan described in this 
ad. I understand that a shipping and handling charge is 
added to all shipments. 

Your FREE Book 

234/558 

Write Code No. of the 
$2.89 selection here 

Write Code No. for the 
First selection here 

Signature 

Name 

Address/Apt # 

City 

State Zip 

This order subject to acceptance by McGraw -Hill. All 
prices subject to change without notice. Offer good 
only to new members. Foreign member acceptance 
subject to special conditions. 

ECGB-041 
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Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 41st year, is highly ex- 
perienced in "distance education" - 
teaching by correspondence- through 
printed materials, computer materials, 
fax, and phone. 

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

Our Computer B.S. Degree Pro- 
gram includes courses in the BASIC, 
PASCAL, and C languages - as well 
Assembly Language, MS DOS, CADD, 
and more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Robotics, Analog/ Digital Com- 
munications, and 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 

ELECTRONICS BOOKS 
(Continued from page 7) 

who specialize in shortwave 
broadcast (SWBC) DX'ing, has 
put together this collection of in- 

depth reviews, articles, and fea- 
tures for the SWBC DX'er. The 
book is intended as a reference 
tool for anyone who wants to 
increase their enjoyment of and 
expertise in the hobby. Every 
article is expertly written by 
leading radio hobbyists and 
thoroughly examined by a re- 

view panel of DX'ers. The result 
is a collection of highly infor- 
mative pieces that are clear 
enough for beginners to under- 
stand, even though about half of 
the material is broadly technical 
in nature. Some of the articles 
include an extensive collection 
of modifications for the Sony 
ICF2010/2001D receiver, a 

guide to using major libraries as 
a DX'er's tool, in-depth features 
on DX'ing Central America and 
Africa's Sahara and Sahel re- 

gions, equipment reviews, and 
a 60 -page study of tropical band 
propagation that challenges de- 
cades -old theories. 

Proceedings 1990 is available 
for $19.50 plus $2.00 shipping 
in the U.S. (outside the U.S., 

$3.00 surface book rate, which 
takes three to four months, or 
$15.00) from Fine Tuning Spe- 
cial Publications, c/o John 
Bryant, RRT #5 Box 14, Still- 
water, OK 74074. 

CIRCLE 85 ON FREE 
INFORMATION CARD 

SPY TECH VIDEO 
CATALOG 
from Executive Protection 
Products, Inc. 

This "video catalog" features 
dozens of items available in the 
personal protection and security 
equipment field. Besides de- 
scriptions and prices, the 
videotape contains little -known 
details used by people in the 
protection and security busi- 
ness. Some of the devices 
shown include surveillance 
equipment, such as room 
monitors, and all kinds of listen- 
ing and detection devices. 
Recorders, transmitters, bullet- 
proof vests, body wires, and 
microcameras are featured. The 
videotape comes with a printed 
catalog and a $20.00 discount 

coupon good for future pur- 
chases. 

The Spy Tech Video Catalog 
is available for $14.95 
(postpaid) from Executive Pro- 
tection Products, Inc., 1325 
Imola Avenue West #504, 
Napa, CA 94559. 

CIRCLE 86 ON FREE 
INFORMATION CARD 

PUBLIC ADDRESS 
LOUDSPEAKER 
SYSTEMS 
by Vivian Capel 

Although it is a critical part of 

any public- address installation, 
the loudspeaker system is often 
inadequate, resulting in poor in- 
telligibility and unnatural sound 
reproduction. This book ex- 
plains how the fault frequently 
lies with unsuitable micro- 
phones or poorly designed 
speaker systems, and shows 

Public Address 
Loudspeaker 

Systems 

readers how the problem can 
be remedied. Various systems 
and their advantages and draw- 
backs are examined. The Line - 
Source Ceiling Array, or LISCA, 
is covered in detail, with full 
step -by -step construction and 
installation information. LISCA 
is a system that provides small - 
to medium -sized halls with clar- 
ity, even coverage, reduced 
feedback, natural source loca- 
tion, and a pseudo- stereo 
effect. The book also covers 
low- impedance matching, 100 - 
volt systems, transmission lines, 
and how to design and install 
inductive hearing -aid loops. 

Public Address Loudspeaker 
Systems (order number BP292) 
is available for $8.95 (including 
shipping and handling) from 
Electronics Technology Today 



Inc., P,O. Box 240, Massapequa 
Park, NY 11762 -0240. 
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AutoLISP IN PLAIN 
ENGLISH: A 
Practical Guide for 
Non -Programmers 
(Third Edition) 
by George O. Head 

There are plenty of AutoCAD 
users out there who don't have 
any desire to become expert in 

AutoLISP, but just want to know 
enough to become more pro- 
ductive in their daily work. This 
book, revised and expanded for 
releases 10 and 11, gives read- 
ers the tools they need to begin 
using AutoCAD's powerful inter- 
nal programming language. It 

provides detailed but easy -to- 
follow information on AutoLISP 
commands and how to use 
them and how AutoLISP works 
with AutoCAD's database. It 

provides tips and tricks for writ- 
ing basic AutoLISP programs, 
and presents sample programs 
with line -by -line explanations. 
The book helps readers learn to 
write simple, useful AutoLISP 
programs to automate repetitive 
drawing tasks, create simple 
geometric constructions, and al- 
ter the drawing database to suit 
specific applications. A new 
chapter on file manipulation ex- 
plains how to read and write 
files in AutoLISP. 

AutoLISP in Plain English: A 
Practical Guide for Non -Pro- 
grammers (Third Edition) is 
available for $19.95 from Ven- 
tana Press, P.O. Box 2468, 
Chapel Hill, NC 27515; Tel: 

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

CIRCLE 88 ON FREE 
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"No, this is the whole kit- 
that's the kahoodle." 

UNDERSTANDING PC 
SPECIFICATIONS 
by R.A. Penfold 

IBM PC and compatibles are 
popular choices for those who 
require a computer for business 
applications or for use at 
home -partially because of the 
wide selection of applications 
programs and hardware add - 
ons that are available for those 
PC's. But it's difficult for the 
u- initiated to determine which 
of those specifications best suit 

their particular needs. Buying a 

PC that is inadequate for the 
required applications is just as 

wasteful as paying top dollar for 
one that does much more than 
is needed. 

This book explains PC speci- 
fications in detail. It covers 
several important topics, includ- 
ing the differences between 
types of PC (XT, AT, 80386, 
etc.); math coprocessors; input 
devices such as keyboards, 
mice, and digitizers; memory; 
RAM disks; floppy -disk drive for- 

mats and compatibility; hard 
drives, including interleave fac- 
tors and access times; and all 

standard types of display adapt- 
ors, including CGA, VGA, 
Hercules, and more. 

Understanding PC Specifica- 
tions (order number BP 282) is 
available for $8.95 (including 
shipping and handling) from 
Electronics Technology Today 
Inc., P.O. Box 240, Massapequa 
Park, NY 11762 -0240. 
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ELENCO & HITACHI PRODUCTS 
AT DISCOUNT PRICES 

RSOs (Real -Time & Storage Oscilloscopes) From HITACHI 
The RSO - Its the new solution 

View. Acqulle, Test. Transfer and Document Your Waveform Data 

NFis7 

1001.4SS (25MS.S on 4 cnannels 'OCMHZ, akw r ch 2kw a 2:n Ikw s acn. VC-6145 S 4.695.00 

40MS5, 100MHZ. 4kw r Icn., 2kw s 2011 

20MSh, SOMHZ, 2kw s 2011 

VC-6045 

VC-6025 

s 3,049.00 

S 2,295.00 

20MS9, 50MHz. 20. 5 2o-0 VC5024 S 2,049.00 

201ASs. 20MHz. 2kw x 225 VC -6025 S 1,749.00 

RSOSeoe HM..Ile.tm auch functions as roll node, averaging, saw memory. mooning. interpdalion.patrg9erin9, 
arson measurements, plotter intedece, and RS-232C interlace. Weh the comlon of smog and the power of digital. 

V -212 Hitachi Portable Scopes 
r DC to 50MHS, 2- Channel, DC offset t e'er- a. á 

function, Alternate magnifier function 
DC 

.à - - ' ' -' ' Du) chan.) 4325 CRT Readopt. Cursor Mess . s1,025 

V -523 Delayed Swap 8995 

! 5-422 40MHz Dual $795 V-522 Bak Model 3695 

20MHz Elenco Oscilloscope 
$375 

MO -1251 
Du) Trace 
Component Tesler 

6' CRT 

X-Y Operation 
TV Syrie 

2 p-1 Probes 

FREE DMM 
;Mr, purchase of 

ANY SCOPE 

SCOPE PROBES 
P-1 65M1a. Ix. 10e 519.95 

P-2 100MHz, 1x. 10x $23.95 

Compact Series Scopes 

Delayed Sweep 
Lightweight 11310s' 
2mV Sens 

3 Yr wanly 

Model 4.1065 
Shown 

This series provides many new functions such as CRT 
Readout, Cursor measurements (V. 1085/1065!665), 
Frequency Or (V- 1085), Sweeprime Autoranging and 

Trigger Lock using a 6 -inch CRT. You dons feel the 
compactness in terms of performance and operation. 

V -660 60MHz Dual Trace 
V -665 60MHz Dual Trace w/Cursor 
v -1060 100MHz Dual Trace 
V -1065 100MHz Dual Trace w/Cursor 
V -1085 100MHz Quad Trace w/Cursor 
V -1100A 100MHz Quad Trace w/Cursor 
V -1150 150MHz Quad Trace w/Cursor 

$1,195 
$1,345 
$1,425 
$1,695 

$2,045 
02,295 
$2,775 

Elenco 35MHz Dual Trace 
Good to 50MHz $495 

MO -1252 
High Nmar%e 6' CRT 

Iota Sensitivity 
e(VAwWrlian Vollage 

ion Rise Tim. 
/C-V Operation 2 Pan 
NW* Triggering Sweep 
Includes 2 P -1 Probes 

All scopes Include probes, schematics. operators manual, and 3 y ar (2 yrs for Elenco scopes) world wide warranty on pans B labor. Many accessories available for all 

Hitachi scopes. Call or write for complete specifications on these nd many other fine oscilloscopes. 

WE NOW 
CARRY 

COMPLETE LINE 
OF 

FLUKE 
MULTIMETERS 

Models 
21F 83 
23F 85 
25F 87 
27F 6050A 
73 8060A 
75 8062A 
77F . More 

CALL FOR 

SPECIAL PRICING 

True /MS 4 1/2 
Dlge MudYne . 

M -7000 

$135 
.05% DC Aaurmy 

.1% Restsenn / Free. Counter 
d deluse tase 

Function Generator 
Blox 
/9600 

$28.95 

Provid.5 sirre. trwçM, square 
eve hoot 04, to 1MHz 

w AM or FN cepabnilr 

Soldering Station 
Temperable Controlled 

51 -30 $99 
Dw9iryalthspMy 

300E-0INF 
(rounded lip 
Osaheat muted 

C Curren Meter A r 

ST -1 010 

$69.95 

1000 Aries 
Data 4 Peak hold 

8 Funti.,. 
Deluse Case 

10 Function 
Muakneter 

CM -365 

$65 
AC e DC Voltage a Amps 

Resistance to 2000MO 

Diode, Logg, I Tran IM 
Capacitance lo 200uF 

Triple Power Supply XP-620 
Assembled $65 

Kit $45 
2 to 15Va IA. 

-2 Io 1SVM IA 
for 4 ro 30V It Iel 

owl SVet SA 

Coleae )I tir desired Names la doing neon.. 
Famines shot wove protection. all .applos. 

Decode Elm 
119610 or 

/9620 

$18.95 
89610 Resina Sloe 

47 ohm 1o1M6t00Kpot 
09620 Capacaar Rio. 

47pt to tOMFO 

Digital Triple Power Supply XP -765 

$249 
0 -20V a 1 A 

O 2AV al 1A 

5V at SA 

Fuly regulated. Short cirait p'11,11ed ugh 

2 lied control. 3 separate supplies 

OP-660 .lth Analog Meters 0175 

Digital Copac8ance Meter 
CM -1550 

$58.95 
9 Ranges 

Ipl- 20.000uM 
5% basic say 

Zero coded 
nm cow 

Dlgdal LCR Meter 
LC-1R01 

$125 
Measures 

Coils IuH 2OOH 

Caps tpI200u1 
Res 01.2018 

Wide Band Signal Generators 
SG -9000 

$129 
RF Free 101314d50MMz 

AM Modul.. of I KHz 

Venal. RF output 

SG -9500 e Digital Display and 150MHz bullt-In Counter $249 

10MHz Oscilloscope 
$ -3000 

15M DCor AC 
TMr'yppepeedd Sweep 
Car&wed Ven 6 Har 
PaMS Volts 6 Free 

Quad Power Supply XP -5$10 

$59.95 
220V al 2A 

12VeIA 
SVS3A 

.5V d .5A 

Fully regulated ,00 ,hon came protected 

TP.575 without maters $39.95 

GF -8016 Function Generator 
with Freq. Counter 

$249 
Sine. Square. TOa39 

Pulsa. Ramp. .218 2MHa 
Free Counter .1 - 10Mhz 

so7.7.0 
knolam 

GF -8015 without Freq. Meter $179 

Temperature Probe - M -110CF 

$29.95 

Fns mass 

dgnalmultimeNn -SS 32F 

Autoranging DMM 
M 5000 

$45 
9 Functions 
Memory and 

hold 

basic ace 

LEARN TO BUILD AND PROGRAM 
COMPUTERS WITH THIS Km 

INCLUDES: AH Porte, Aeeembep and Leeson Manual 

Model 
MM -8000 

$129.00 

Swag Awe sore. you nut pore.. uptown Our wore MeeM 
tonerwdreer,0bwritetabRAM. ROMandrun ae08ómiaw,wta. 
awe Much owes amity erode. Iarausge as ION PC You we was e. 
tai W inaudore to we the YOBS pro°eeaw b ppl stared and sae eeee 

a,agors In pennant. mat, In a 2816 Es PROM. Teaches you M 
eó,0, input and output pals, w. puler wrrra. Buell your own anyhow, 
and Sera how b 5ree' Nrbod and deçny M. pmwe owner, 
korA.ee tweeed. Smote ewe to undertone nonagon leachos you 

burro, in macho. language 

ROSoTICS KIT FOR ABOVE (MM -8010) 571.95 

WE WILL NOT BE UNDERSOLD! C & S SALES INC. 15 Day Money Back Guarantee 
UPS Shipping: 48 States 5°. 1245 Rosewood, Deerfield, II. 61X1.5 2 Year Warranty 
($10 Maxi IL Res., 7% Tax_ (8001 292 -7711 1708) 541-0710 WRITE FOR FREE CATALOG 
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Tandy 
Personal 

Computer 

NEW PRODUCTS 
Designed for business 
and home -office use, 

the Tandy 4020 SX is a 20- 
MHz, 80386SX -based PC 
with super -VGA graphics. 
Combining 32 -bit perfor- 
mance with 16 -bit hardware 
compatibility, it can be used 
as a stand -alone system or 
as a workstation on a net- 
work. Two megabytes of 
memory are standard, and 
the 4020 SX can be ex- 
panded to 16MB. Built -in 
super -VGA graphics provide 
photographic clarity with 

256 colors in 640 x 400 
resolution. The video memo- 
ry is also expandable, to a 
maximum of either 256 col- 
ors with 640 x 480 
resolution, or 16 colors with 
1024 x 768 resolution. 

The 4020 SX comes with 
a 1.44 -MB 31/2-inch floppy 
drive and a 16 -bit 
SmartDrive IDE connector 
that makes it easy to add 
SmartDrive hard -disk drives 
without using a separate 
controller or an expansion 
slot. It also supports small 
computer device interface 
(SCSI) hard drives and 
tape- backup systems. Other 

standard features include 
three 16 -bit, full -size AT ex- 
pansion slots; a 101 -key 
enhanced keyboard; a sock- 
et for an optional 80387SX 
math coprocessor; one each 
serial, parallel, and mouse 
ports; a realtime clock with 
battery backup; and a 100 - 
watt power supply. The com- 
puter has a small footprint 
and a unique hinged bay 
that swings open for easy 
access to expansion and 
device slots. 

The Tandy 4020 SX per- 
sonal computer sells for 
$2,499 at more than 7,000 
participating Radio Shack 
Computer Centers, Radio 
Shack Stores, and dealers 
nationwide. For more infor- 
mation, contact Radio 
Shack, 700 One Tandy Cen- 
ter, Fort Worth, TX 76102. 

CIRCLE 102 ON FREE 
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CORDLESS INFRARED 
HEADPHONES 

A lightweight headset/receiver 
and an infrared transmitter/ 
headset stand make up Arkon 
Resources' Arkor IR -500 Infra - 
sound headphone system. 
Designed for use with audio or 
video components, a micro- 
phone adapter is included for 
use with older television sets 
that don't have an audio -output/ 
headphone jack. The headset, 
which is powered by two AAA 
batteries, features an on /off /vol- 
ume control. The transmitter 

provides a combination vertical/ 
horizontal array for improved 
reception of the infrared signal 
throughout a wide coverage 
area. 

The Arkor IR -500 Infrasound 
headset system has a sug- 
gested retail price of $99.95. 
For additional information, con- 
tact Arkon Resources, Inc., 
11627 Clark Street, Suite 101, 

Arcadia, CA 91006; Tel: 
818 -358 -1133; Fax: 
818 -303 -6157. 

CIRCLE 103 ON FREE 
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MOBILE TRANSCEIVER 

Part of Kenwood line of super - 
compact FM mobile trans- 
ceivers, the TM -241A features 
wide -band receiver coverage, 
from 118 to 173.995 MHz. Its 
transmit frequency range is 144 
to 148 MHz, and the unit can be 
modified for MARS and CAP 
operation (permits required). 
The compact unit is easy to 
install, and the RC -20 remote - 
control option allows custom in- 
stallation for a professional look. 

Other features include 20 full - 
function memory channels, mul- 
tiple scanning functions, and a 
large LCD readout with four - 
step dimmer control. It comes 
with a mounting bracket, a DC 
cable, fuses, and a multi -func- 
tion DTMF microphone. 

The TM -241A FM mobile 
transceiver has a suggested re- 
tail price of $469.95. For more 
information, contact Kenwood 
U.S.A. Corporation, Communi- 
cations & Test Equipment 
Group, 2201 East Dominguez 
Street, Long Beach, CA 90810. 

CIRCLE 104 ON FREE 
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(Continued on page 18) 



CIE Gives You The Training You Need to Succeed... 
At Your Own Pace...& In Your Own Home! 

Discover Your Career Potential In The 
Fast- Growing Field Of High -Tech Electronics! 

If you're anxious to get ahead ...and 

build a real career...you owe it to 

yourself to find out about the Cleveland 
Institute of Electronics! 

CIE can help you discover your 
career potential in the fast growing 
field of high -tech electronics. A career 
that will challenge and excite you 
every day...reward you with a powerful 
feeling of personal accomplishment... 
and deliver a level of financial security 
you may have only dreamed of before! 

As the leading school in home-study 
electronics, CIE has helped over 
150,000 students in the U.S.A. and 

over 70 foreign countries get started in 

this exciting field. To find out how CIE 

could be helping you...read on...then 
send for a CIE catalog TODAY! 

A Growing Need For 
Trained Professionals! 

The career opportunities shown here 

are only a few of the challenging, high - 

paying careers you could enjoy as an 

electronics technician, 
You could be the "brains" behind the 

scenes of an exciting TV broadcast... 
trouble -shoot life- saving medical equip - 
ment...design exotic new aeronautics 
systems...CIE's job -oriented programs 
offer you the quickest possible path to 
the career of your dreams! And CIE also features 

military and union re- training, to build on what 
you already know. 

Dozens Of Fascinating 
Careers To Choose From! 

Even if you aren't sure which career is best for 
you, CIE can get you started with core lessons 

applicable to all areas of electronics. As you 
advance, CIE makes job opportunities available 
to you through the bimonthly school paper, 
The Electron. 

Data Communications Automotive Electronics 

Avionics Computer -Assisted Manufacturing 

Consumer Electronics Military Electronics 

Personal Training From 
Renowned Faculty. 

Unlike the impersonal approach of large class- 
room study, CIE offers you one-on-one instructional 
help 6 days a week, toll -free. Each CIE lesson is 

authored by an independent specialist, backed by 
CIE instructors who work directly with you to 

answer your questions and provide technical assis- 

ED 
SOS 

lance when you need it. 

A 

r 

Practical Training... 
At Your Own Pace. 

Through CIE, you can train for your 
new career while you keep your pres- 

ent job. Each course allows a gener- 

ous completion time, and there are 
no limitations on how fast you can 

study. Should you already have some 

electronics experience, CIE offers 
several courses which start at the 
intermediate level. 

"State -Of- The -Art" 
Facilities & Equipment. 

In 1969, CIE pioneered the first elec- 
tronics laboratory course, and in 1984, 
the first Microprocessor Laboratory. 
Today, no other home study school can 
match CIEs state -of- the -art equipment. 
And all your laboratory equipment is 

included in your tuition cost. There is 

no extra charge -it's yours to use while 
you study at home and on the job after 
you complete your course! 

Earn Your Degree To 
Become A Professional 

In Electronics! 
Every CIE course you take earns you 

credit towards the completion of your 
Associate in Applied Science Degree, so 

you can work towards your degree in 

stages. And CIE is the only school that awards you 
for fast study, which can save you thousands of 
dollars in obtaining the same electronics education 
found in four -year Bachelor's Degree programs! 

Send For Your 
Catalog Today! 

CIE World Headquarters 
I Cleveland Institute of Electronics, Inc. 

I 1776 East 17th St., Cleveland, Ohio 44114 

' O YES! Please send me your independent study catalog (For your convenience, 

CIE will have a representative contact you -there is no obligation.) 

Print Name 

Address 

City /State /Zip 

Age Area Code /Phone No 

Check box for G.I. Bill bulletin on educational benefits: Veteran Active Duty = 

LMa1I 
This Coupon Today! AH03 

J1 

Apt rr 
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Courteous i Service Discount Prices Fast Shipping 

P.O. Box 567 Van Nuys, CA 91408 

* New ' FLASH UNIT 

This NEW compact flash ' A 
,, 

unit comes from a U.S. v - 
manufacturer of cameras. Irl ë' ' 
Unit operates on 3 Vdc 
and measures 2 1/2' X 1 1/4. t' 2111" 
Ideal for use as a strobe, warning light or attention get- 
ter. Cornplete with Instruction on how to wire. 

CAT* FSH -1 $3.75 each 10 for $35.00 

Special New Reduced Price 
PHOTOFLASH CAPACITOR 

Rubicon CE photoflash capacitor. 
0.77 dia. X 1.1 high. These are 
new capacitors that have been 
prepped with 1.4 black and 
red wire leads soldered to the terminals. 
210 Mfd 330 Volt CAT* PPC -210 
$1.25 each 10 for $11.00. 100 for $100.00 

Large quantities available. Call for pricing. 

FLASHING L.E.D. 

Diffused L.E.D. with built in flashing unit. PULSE 
RATE: 3 Hz @ 5 Volt/20 ma. Unit continually flashes 
when 5 Vohs is applied. Operates between 4.5 Volts 

and 5.5 Volts. T 1 3/4 size. IDEAL AS AN INDICATOR. 
RED CAT* LED - 

ßaFFN CAT* LED -4G 
YELLOW CAT* LED31. -- 

$1.00 each 10 for $9.50 100 for $90.00 

HEAVY -DUTY NICKEL 
CADMIUM "C" BATTERY 

Yuasa 1800C 
Special purchase of new, rechargeable 
nickel-cad batteries. 1.2 volts, 1800 mAH. 

PRICE REDUCED ON 10 OR MORE. 
CAT* HONCB -C 

10 pieces for $42.50 ($4.25 each) 
100 pieces for $375.00 ($3.75 each) 

0.1 
%, 

SI V 

POWER SUPPLIES 

5Vdc 3 AMP t 
ACDC Electronics #51,13 -1 I 
New, prepped power supply 
with wires and connectors 
soldered to the inputs and 

11 ¡ 
outputs. Open frame style. 4.94 X 4.03' X 7. 
Input: 115 Vac. UL and CSA listed. Regulated. 

CAT* PS-53 $10.00 each 

12 Vdc 5 AMP 
ACDC Electronics * 12N5 or equiv. 

Input: 100 -240 Vac (wired for 115 Vac) 
Output: 12 Vdc @ 5 amps. Open frame style. 

7' X 4 3/4' X 7 high. Regulated. 
CAT* PS -125 $37.50 each 

24 Vdc 2.4 AMP 
Power -One Inc. *HC- 24 -2.4 

Input: 115/230 Vac (wired for 115 Vac) 
Output: 24 Vdc @ 2.4 amps. Open frame style. 

5.67 X 4.87' X 2.50' CSA listed. 
CAT* PS -2424 $30.00 each 

LL FREt ORDER LINES 
7- 800 -826 -5432 ; ;.. 

iMi'i1RCEORD rs,fg1ly lMufsrCerd or IsbiésivI : 

TERMS: Minimum order S 10.00. Shpping and handling 
for the 48 continental U.S.A. $3.50 per order. All others 
k,chidirg AK, H1, PR or Canada must pay lull shpping. 
AI orders delvemd in CALFORNIA must include stare 

sales tax (6 16, 6 12 % 7 %) .Quant*ies Lénled. 
NO C.O.D. Prices subject to change without notice. 

Call Toll Free, or clip this coupon 

FREE 60 Page Catalog 
Containing over 4,000 ITEMS 

ALL ELECTRONICS CORP. 
P.O. Box 567 Van Nuys, CA 91408 

Name 

Address 

City PE», Sete Dp 
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NEW PRODUCTS 
(Continued from page 14) 

SOLDERING -IRON 
CONTROLLER 

To change any fixed- tempera- 
ture soldering iron into a fully 
adjustable one, M.M. Newman 
Corporation has introduced the 
Dial -Temp soldering -iron con- 
troller. The compact device 
plugs into a 117 -VAC wall outlet 
and accepts any three -prong 

fixed -temperature iron ranging 
from 15 to 1600 watts. The dial 
on top is used to adjust temper- 
atures from 150 °F to full heat. 

The Dial -Temp soldering -iron 
controller has a list price of 
$29.95. For further information, 
contact M.M Newman Corpora- 
tion, 24 Tioga Way, P.O. Box 
615, Marblehead, MA 01945; 
Tel: 617 -631 -7100; Fax: 
617 -631 -8887. 
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AUTOMATIC VOLTAGE 
REGULATORS 

A line of automatic voltage -reg- 
ulating power conditioners from 
Perma Power protect computers 
and peripherals from more than 
95% of power -line problems - 
including over -voltage, under - 
voltage, spikes, surges, and 
RFI /EMI noise. Each of the 
three regulators in the AVR Se- 
ries features an advanced tap - 
changing design that provides 
accurate voltage regulation 

(± 5% of 117 VAC), and com- 
pensates for input voltages as 
low as 93 VAC and as high as 
143 VAC. Five levels of regula- 
tion are provided. The units are 
always connected to the load, 
providing continuous clean 

power even during switching in- 
tervals, to eliminate data errors 
or accidental re- booting that can 
occur when a load is discon- 
nected from the power line 
during switching. The AVR Se- 
ries regulators provide 99% 
efficiency, with cool and quiet 
operation, regardless of the 
amount of power being drawn. 

Three sizes are available: 
600, 1200, and 1800 watts. The 
1200- and 1800 -watt units fea- 
ture a system of front -panel 
LED voltage indicators and a 

warning buzzer that sounds 
when dangerously high or low 
voltages are sensed. They also 
monitor the power -line wiring for 
inadequate grounding and /or re- 
verse polarity, and LED's warn if 

either condition is present. 
Models AV 600, AV 1200, and 

AV 1800 have suggested user 
prices of $149.00, $249.00, and 
$339.00, respectively. For addi- 
tional information, contact 
Perma Power Electronics, 5601 
West Howard Avenue, Chicago, 
IL 60648; Tel: 312 -763 -0763; 
Fax: 312-763-8330. 
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ROMAN -NUMERAL 
DIGITAL CLOCK KIT 

Displaying hours, minutes, and 
seconds in Roman numerals, 
Landis Electronics digital clock 
kit makes a unique timepiece. 
The display uses 177 bright -red 
LED's that can be easily seen in 

daylight or darkness, and its 
case is hand -finished ma- 
hogany. The kit includes all 
necessary parts, including the 

power supply, low -power CMOS 
logic, LED's, a double -sided PC 
board, and the case. Complete 



instructions are provided, and 
the clock can be assembled in a 
couple of evenings. 

The Roman -Numeral Digital 
Clock costs $89.95 in kit form 
(or $139.00 fully assembled and 
tested), plus $6.00 shipping and 
handling. For additional infor- 
mation, contact Landis 
Electronics, 207 Oak Street, 
Norton, MA 02766. 
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TVRO -ANALYSIS/ 
ANTENNA -AIMING 
SOFTWARE 

Tailored for use by professionals 
and dealers as well as tech- 
nically- oriented TVRO owners, 
TVRO System Analysis and 
Satellite Locator Version 1.1 can 
be instrumental in system anal- 
ysis and antenna aiming. The 
software, from Baylin Publica- 
tions, includes a system - 
configure screen that can be 
used to set a number of factors 
that refine program operation - 
including the cutoff angle above 
the horizon below which satel- 
lites cannot be detected; and 
the noise -weighted, the pre -em- 
phasis, the peak -to -peak 
conversion, and the video -noise 
bandwidth factors, which vary 
between NTSC, PAL, and 
SECAM broadcasts. The analy- 
sis section is useful for 

predicting performance when 
viewing signals from a weak 
satellite, and accurately calcu- 
lates picture quality from user - 
entered system parameters 
such as LNB noise temperature, 
satellite EIRP, and antenna di- 
ameter. The user is prompted to 
enter 10 required parameters 
and then choose one of those 
to be varied while the others are 
held constant. The variables are 
used to calculate slant distance, 
path loss, antenna gain, and 
other factors. The antenna -aim- 
ing section calculates azimuth 
and elevation angles, and range 
to all satellites within "view" of a 

TVRO. The names and latitudes 
of all C and Ku -band broadcast 
satellites worldwide are listed. 

The software is available on 

either a 51/4- or 31/2-inch dis- 
kette. 

TVRO System Analysis and 

Satellite Locator Version 1.1 

costs $49.95 plus $2.00 ship- 
ping and handling. For more 

information, contact Baylin Pub- 

lications, 1905 Mariposa, 
Boulder, CO 80302. 
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TWO -WAY 
LOUDSPEAKER 

Design Acoustics' PS -8C two - 
way loudspeaker uses a ferro- 
cooled one -inch tweeter with a 

crossover point at 2,800 Hz, for 
superior power -handling capaci- 
ty. An eight -inch woofer yields 
an accurate frequency response 
down to 50 Hz. The company 
recommends using the speaker 

with amplifiers delivering up to 
200 watts per channel. The 
PS-8C comes in a choice of oak 
or black ash finishes. 

The PS -8C loudspeaker has 
a suggested price of $189.95 
per speaker. For additional infor- 
mation, contact Design 
Acoustics, division of Audio - 
Technica U.S., Inc., 1225 Com- 
merce Drive, Stow, OH 44224; 
Tel: 216 -686 -2600. 
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EMI FILTER MODULE 

Providing an easy, effective way 
for users to eliminate the prob- 
lems of stray electromagnetic 
interference (EMI) in signal ca- 
bles running between poorly 
filtered equipment, Coilcrafts 
EMI Filter Module has two 
DB -9 -type connectors (one 
male and one female) and 
plugs between an RS -232 cable 
and an input or output port. 

DIGITAL VIDEO STABILIZER 
ELIMINATES ALL VIDEO COPY 
PROTECTIONS 

While watching rental 
movies, you will notice an- 
noying periodic color 
darkentn9, color shift, un- 
wanted lines, flashing or 
jagged edges. This is 
caused by the copy protec- 
tion jamming sl9nals em- 
bedded In the video tape, 
such as Macrovision copy 
protection. Digital Video 
Stabilizer. RXII completely 
eliminates all copy protec- 
tions and jamming signals 
and brings you crystal clear 
pictures. 

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

100% automatic - no 
need for any 
troublesome adjust- 
ments 
Compatible to all types 
of VCRs and Ns 

The best and most excit- 
ing Video Stabilizer in 
the market 
Light weight (8 ounces) 
and Compact (1x3.5x5 ) 
Beautiful deluxe gift box 
Uses a standard 9 Volt 
battery which will last 1- 
2 years. 

WARNING : 

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

( Dealers Welcome ) 

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING 

1- 800 -445 -9285 or 516 -568 -9850 
Visa, M/C, COD M -F: 9 -6 (battery not Included) 

SCO ELECTRONICS INC. 

Dept. CPE.3 581 W. Merrick Rd. Valley Stream NY 11580 
Unconditional 30 days Money Back Guarantee 
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CABLE TV 
DESCRAMBLER 

How You Can Save Money 
on Cable Rental Fees 

1 Unit 5+ 
Jerrold SB w/Fri-Bi $99 $70 
Super'fri -Bi (TBM) $109....$75 
Jerrold 450 combo $189..3139 
Scientific Atlanta. $109....$75 
SA 8536. 5250....5195 
Pioneer 8109....579 
Oak ICN12 (w/VS) $109...565 
Hamlin ML bb 1200 $89 $59 
Tocom 8169....5129 
Stargate converter S89 $69 
PanasonicTZPC145 $99 $79 

30 Days Money Back Guarantee 
Free 16 page Catalog 

Visa, M /C, COD or send money order to: 

US Cable TV Inc. Dept. KPE3 
4100 N.Powerline Rd., Bldg F -4 

Pompano Beach, FL 33073 

1- 800 -445 -9285 
For Our Record 

I, the undersigned, do hereby declare under penalty of per - 
jury that all products purchased, now and in the future, will 
only be used on Cable TV systems with proper authorization 
from local officials or cable company officials in accordance 
with all applicable federal and state laws. FEDERAL AND 
VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL 
CRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZED 
USE. 
Date: 

US Cable will 
Beat Anyone's 

Price 
Advertised in 

this Magazine! 

Signed: 

No Florida Sales! 
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Common -mode magnetics filter 
all lines including the frame 
ground, attenuating EMI as 
much as 19 dB over the critical 
30-300 -MHz range. Data sig- 
nals are left completely 
undisturbed. 

The EMI Filter Module costs 
$25.95 plus shipping. For fur- 
ther information, contact 
Coilcraft, 1102 Silver Lake 
Road, Cary, IL 60013; Tel: 
708- 639 -6400. 
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OPTO- ISOLATION 
MODULE 

Providing a communications link 
from one port to the other with 
no electrical connections, 
Telebyte Technology's model 
268 Opto- Isolation Module acts 
as a filter to block unwanted 
electrical disturbances. Isolation 
is important in systems that use 
different power sources, have 
noisy signals, or operate at dif- 
ferent ground potentials. Non - 
isolated devices provide a path 
for RF noise and allow voltage 
spikes to appear on data lines, 
increasing the chance of data 
errors and system faults. 

The model 268 provides two 
full -duplex, optically isolated 
signal paths, one dedicated to 

TD and RD Data and the other 
for a control signal pair. Internal 
jumpers select any proper com- 
bination of CTS, RRTS, DCD, 
or DTR. The module also uses 
micro -power DC -to -DC convert- 

ers that generate the required 
operating voltages. Two sets of 
those circuits, one for each port, 
ensure that the module will work 
even if only TD and RD are 
connected. The model 268 can 
be plugged directly into a termi- 
nal or similar device. 

The model 268 opto- isolation 
module costs $126, with signifi- 
cant discounts available for 
quantity. For further information, 
contact Telebyte Technology, 
Inc., 270 East Pulaski Road, 
Greenlawn, NY 11740; Tel: 

800 -835 -3298 or 516-423-3232; 
Fax: 516 -385 -8184 or 
516- 385 -7060. 
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HIGH -RESOLUTION VGA 
CARD 

Providing graphics resolution 
comparable to those of the IBM 
8514/A and adapters based on 
the Texas Instruments TIGA in- 
terface specification, a VGA 
card from Definicon is dubbed 
CAD RACE (Resolution And 
Color Enhanced). The board al- 
lows the AutoCAD user to 
achieve equivalent high- resolu- 
tion lines and colors on 
standard, low -cost VGA 
monitors. 

CAD RACE uses an intel- 
ligent RAMDAC (digital /analog 
converter) for anti -aliasing, a 

technique used to smooth the 
jagged edges of lines, circles, 
and other non -rectangular ob- 
jects drawn on the CRT screen. 
The board produces flicker -free, 
near -photographic -quality 
graphics in true color. A soft- 
ware -based Display List 
Processing feature allows Auto - 
CAD users to re -draw three to 
ten times faster than under 
standard AutoCAD operation. In 

addition to AutoCAD releases 9 

and 10 and AutoCAD 386, the 
CAD RACE supports any soft- 

ware- including specialized 
applications like desktop pub- 
lishing as well as general -use 
programs -that observes the 
requirements of the IBM 8514/A 
high -resolution graphics board. 

The CAD RACE VGA board 
with one megabyte of on -board 
memory (the standard config- 
uration for CAD uses) costs 
$495. For further information, 
contact Definicon International, 
181 -B West Orangethorpe, Pla- 
centia, CA 92670; Tel: 
714 -961 -0438; Fax: 
714 -961 -9052. 
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440 -MHz ANTENNA 
TUNER 

The MFJ -924 440 -MHz tuner 
with built -in SWR /wattmeter 
handles power up to 200 watts, 
and its compact (8 x 2Y2 x 3- 
inch) size and wide impedance - 
matching range make it well - 
suited for mobile and /or base 
operation. The UHF tuner also 
features SO -239 input and out- 
put connectors and a wing -nut 
post for ground. The built -in 

SWR /wattmeter displays power 
on 30- or 300 -watt scales and 
SWR. 

The The MFJ -924 antenna 
tuner, including a one -year un- 
conditional guarantee, has a 

suggested price of $69.95. For 
more information, contact MFJ 
Enterprises, Inc., P.O. Box 494, 
Mississippi State, MS 39762; 
Tel: 601 -323 -5869 or 
800 -647 -1800; Fax: 
601 -323 -6551. 
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TOOL MAGNETIZER/ 
DEMAGNETIZER 

Bondhus Corporation's Wiha 
40010 tool magnetizer /demag- 
netizer has a powerful 
permanent magnet on one side 
to magnetize tools and small 
parts, and the other side de- 
magnetizes items. The device 

comes in a compact (2.1 x 2 x 
1.1- inch), shatter -proof plastic 
box. Tools are magnetized or 
demagnetized simply by sliding 
them through the box. 

The Wiha 40010 magnetizer/ 
demagnetizer has a suggested 
list price of $7.65. For further 
information, contact Bondhus 
Corporation, 1400 East Broad- 
way, Monticello, MN 55362; Tel: 
800- 328 -8310 or 612 -295 -5500. 
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DIGITAL -NOISE 
ABSORBERS 

Designed to reduce electro- 
magnetic interference (EMI) 
caused by digital circuits in CD 
players and DAT recorders, 
TDKs NF -009B digital -noise 
absorbers are compact, passive 
filters that snap easily onto sig- 
nal cables and power cords up 
to 9mm in diameter. A high - 
density ferrite core absorbs 
high- frequency energy to elimi- 
nate the high -range distortion 

associated with EMI. The sonic 
effects are heard as increased 
clarity and reduced distortion 
when the digital -noise absorber 
is attached to the CD player's 
interconnect cables, as close as 
possible to the source deck. 

The NF -009B digital -noise 
absorbers cost $10.00 for a 
package of two. For additional 
information, contact TDK Elec- 
tronics Corporation, 12 Harbor 
Park Drive, Port Washington, 
NY 11050. 

CIRCLE 115 ON FREE 
INFORMATION CARD 



NOW. AT-compatible computer, 20 meg hard drive, 
and new diagnostic hardware and software! 

Learn to troubleshoot and service 
today's computer systems as you build 

a fully ATcompatible micro 
Train the NRI way - and learn to 
service all computers as you build 
your own fully AT- compatible 
micro, now with 1 meg RAM, 20 meg 
hard drive, and exciting new 
diagnostic hardware and software! 

Jobs for computer service techni- 
cians will almost double in the next 
10 years according to Department of 
Labor statistics, making computer 
service one of the top 10 growth 
fields in the nation. 

Now you can cash in on this 
exciting opportunity -either as a 
full -time industry technician or in a 
computer service business of your 
own -once you've mastered elec- 
tronics and computers the NRI way. 

NRI's practical combination of 
"reason -why" theory and hands -on 
building skills starts you out with 
the fundamentals of electronics, 
then guides you through more 
sophisticated circuitry all the way 
up to the latest advances in 
computer technology. You even learn to 
program in BASIC and machine language, 
the essential language for troubleshooting 
and repair. 

Get real -world skills as you train with 
and keep a powerful AT- compatible 
computer system plus popular Microsoft® 
Works software 

Your NRI computer training includes all this: Discovery Lab', digital 
multimeter and digital logic probe; AT- compatible computer with 1 

meg RAM, 1.2 meg floppy drive, and high- resolution monitor; 20 meg 
hard drive; MS -DOS, GW- BASIC, and Microsoft Works software; 
R.A.C.E.R. plug -in diagnostic card and DuickTech diagnostic software 

Only NRI gives you hands -on training with 
the finest example of state -of -the -art 
technology: the powerful new West Coast 
1010ES computer. As you assemble this 
fully IBM PC /AT- compatible computer from 
the keyboard up, you actually see for 
yourself how each section of your computer 
works. 

You assemble and test your computer's 
"intelligent" keyboard, install the power 
supply and 5 -1/4" floppy disk drive, then 
interface the high -resolution monitor. 

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

Plus you now work with today's most 
popular integrated software package, 
Microsoft Works, learning to use its word 
processing, spreadsheet, database, and 
communications utilities for your own 
personal and professional applications. But 
that's not all. 

NEW! Training now includes Ultra -X 

diagnostic hardware and software for 
quick, accurate troubleshooting 

Now you train with and keep the latest in 
diagnostic hardware and software: the 
extraordinary R.A.C.E.R. plug -in diagnostic 
card and QuickTech diagnostic software, 
both from Ultra -X. Using these state- of -the- 

art tools, you learn to quickly identify and 
service virtually any computer problem on 
XT, AT 80286/80386, and compatible 
machines. 

You discover how to use the 
R.A.C.E.R. diagnostic card to identify 
individual defective RAM chips, locate 
interfacing problems, and pinpoint 
defective support chips. Plus you learn to 
use your QuickTech software to test the 
system RAM and such peripheral adapters 
as parallel printer ports, serial communica- 
tions ports, video display memory, floppy 
drives, and hard disk drives. 

Only NRI gives you such confidence - 
building, real -world experience. Only NRI 
gives you both the knowledge and the 
professional tools to succeed as today's in- 
demand computer service technician. 

No experience needed, NRI builds it in 

With NRI training, you learn at your own 
convenience in your own home. No 
classroom pressures, no night school, no 
need to quit your present job until you're 

ready to make your move. NRI starts you 
with the basics, building on that founda- 
tion step by step until you have the 
knowledge and skills you need for success. 

And all throughout your training 
you've got the full support of your personal 
NRI instructor and the entire NRI 
technical staff, always ready to answer 
your questions and help you achieve your 
training goals. 

FREE catalog tells more 

Send today for NRI's big, free catalog that 
describes every aspect of NRI's innovative 
computer training, as well as hands -on 
training in other growing high -tech career 
fields. 

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

IBM and AT are registered trademarks of International 
Business Machines Corporation R.A.C.E.R. and 
QuickTech are registered trademarks of Ultra -X, Inc. 

SEND CARD TODAY FOR FREE NRI CATALOG 

N?/scnovis 
McGraw -Hiïl Continuing Education Center 
4401 Connecticut Avenue, NW, Washington, DC 20008 

!CHECK ONE FREE CATALOG ONLY 
Microcomputer Servicing Computer Programming 
TV/Video /Audio Servicing PC Systems Analysis 
Automotive Servicing Electrician 
Telecommunications Desktop Publishing & Design 
Security Electronics Locksmithing 
Electronic Music Technology Bookkeeping & Accounting 
Basic Electronics Fiction/Nonfiction Writing 

I:e 

For career courses 
approved under GI Bill 
check for details. 

PC Software Engineering Using C 
Industrial Electronics & Robotics 
Building Construction 

E Small Engine Repair 
E Word Processing Home Business 

Paralegal 
1 _ Air Conditioning, Heating & Refrigeration 

Name (please print) Age 

Address 

City /State/Zip Accredited Member, National Home Study Council 18 -031 J 
23 



24 

By Byron G. Wels, K2AVB 

Changing Of 
The Guard 

F1 

10A 
+12.5V -----cTp-- 

THINK TANK 
Over the years, it has 
given me great plea- 

sure to write this column 
and share with you the ex- 
periences that I've had...to 
review your circuits, and 
share your experiences. But 
alas, as with all things, the 
old must give way to the 
new. To paraphrase a bibli- 
cal passage, "the young 
are called because they 
are strong, and the old be- 
cause they know the way." 
And so it is with great sad- 
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Fig. I. The water -level control is built around u 4081 quad 2- 
input AND gate (only three gates of which are used), and a few 
other readily available components (four transistors, an SCR, a 
relay. etc.). 
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BYPASS 

ness that I must inform you 
that I will no longer write this 
column -my other duties 
around here have become 
such that they take up all of 
my time. So, with this col- 
umn I pass the helm to my 
successor. I hope that you'll 
be as faithful to him as you 
have been to me. 

With the farewells out of 
the way, let's see what the 
mailbag has to offer this 
month. 

WATER -LEVEL 
CONTROL 

I needed a circuit that 
would power up a water 
pump when the water 
reached a predetermined 
level, and then turn itself off 
when the water had re- 
ceded to another 
predetermined point. So I 

set about to design just 
such a circuit. I came up 
with the circuit in Fig. 1. The 
circuit is built around a 4081 
quad 2 -input AND gate (only 
three gates of which are 
used), and a few other 
readily available compo- 
nents (four transistors, an 
SCR, a relay, etc.). 

Gates U1 -a through U1 -c 
each have their two inputs 
tied together, and serve as 
probes. The probes are 
then placed at various lev- 
els to trigger a particular 
function at a predeter- 
mined time. The ground 
side of the circuit is placed 
below the minimum water 
level. The inputs to each 
gate are tied high through 
a 100k resistor connected 
to the + 12.5 -volt bus. 

As the water level slowly 
rises to probe 1, the input to 
U1 -a is pulled low by the 
conduction of current 
through the water to the 
ground probe. That turns Q1 
off and Q2 on. With Q2 
turned on, the circuit is 

placed in the standby 
mode, ready to activate 
the pump when conditions 
are right. 

Probe 2 is placed at the 
maximum water level. If the 
water level reaches probe 
2, the input of U1 -b is 

brought low turning Q3 on, 
which, in turn, causes cur- 
rent to be applied to the 
gate of SCR1, turning it on. 
The circuit through Kl, Q2, 
and SCR1 is now complete 
to ground, and the water 
pump is now turned on 
causing the water level to 
recede. When the water 
level falls below probe 2, 

U1 -b goes back to logic 
high. However, due to the 
latching nature of SCR1, the 
pump continues to run until 
the water level falls below 
probe 1; at that point, the 
ground circuit opens and 
de- energizes Kl, turning the 
pump off. The pump will not 
turn on again until the 
water level again rises 
above probe 2. 

Probe 3 was added as a 
warning. Should the water 
level reach probe 3, LED2 
indicates that the pump is 

not working for some rea- 
son. Switch S2 was added 
as a manual override, while 
S1 powers the sensing cir- 
cuit. LED3 is used to 
indicate that power has 
been applied to the pump. 
LEDI is used to indicate that 
power has been applied to 
the sensor. 

I made the probes out of 
chrome -plated sewing 
needles to help resist corro- 
sion. The probes are placed 
near the pump, while the 
circuitry is housed in a small 
remotely located enclosure. 

That particular arrange- 
ment is used to control a 
boat's bilge pump, which 
draws about 7 amps under 
full load. However, the com- 



ponent values can be 
changed to accommodate 
whatever task you have for 
the circuit. 

-Jerry Mercks, Huntsville, 
AL 

Good Jerry, and thank 
you. I'm sure this circuit 
could easily be adapted to 
any sump pump and with a 
little imagination, to lots of 
other applications. 

PILOT LIGHT 
Many electronic circuits 

need an indication that 
they're under power; for 
most AC circuits, a neon 
lamp is the device of 
choice (it will operate on 
anything above 70 volts or 
so). In this era of semicon- 
ductors, it's hard to find the 
necessary operating volt- 
age for a neon lamp. 
However, a bidirectional tri- 
color LED can be used if a 
capacitor is connected in 

series with the LED to limit 
the current through the LED. 

Refer to see Fig. 2. 

The reactance of a ca- 
pacitor depends on the 

CONNECT 
ACROSS 

AC LINE 

C1 I. 
1 

250V 

LEO1 

BIPOLAR r 
R1 

470 TO 10012 

Fig. 2. This simple power - 
indicator configuration, built 
around an LED and a 
capacitor, can take the place 
of neon pilot lamps in AC 
circuits. 

frequency of the line and 
the unit's capacitance. We 
can put a 1 -µE 250 -WVDC 
capacitor, which has a re- 
actance of 2,650 ohms at 
60 Hz, in series with an LED 

to limit the current through 
the unit to 43 mA. The im- 
pedance of the LED is low 
compared with the reac- 
tance of the capacitor, so 
nearly all the impedance 
will be due to the capacitor 
with the added advantage 

of no energy loss caused 
by the capacitor. 

The power of the LED is 

1.175V x 0.43A = 75mW 
compared to an NE -2 at 58 
mW or an NE -2H at 250 mW, 

which is not so bad! For 230 
volts, we can use a 0.47 -µE 
400 -WVDC capacitor to do 
the job. 

Just remember that 
you're dealing with a high - 
voltage circuit and observe 
the necessary precautions 
for safety's sake. Since some 
capacitors can be shorted 
by line transients, add a 47- 
to 100 -ohm 1/4 -watt resistor 
in series as a fuse, just to be 
on the safe side. 

-Juan J. Martinez, Mexi- 
co, DF 

Thanks, Juan. A handy cir- 
cuit indeed. We like getting 
mail from you, as my boss 
collects stamps. Those Mex- 
ican stamps are mighty 
colorful, too. 

SELF -TEST IN'TERFACE 
By, I wanted an interface 

circuit that would allow me 
to connect my Franklin 1200 
computer to my Ford Bron- 
co ll's EEC -IV Self -Test read- 
out. I'm sure that by apply- 
ing the principles outlined 
here, other applications will 
become self evident. See 
Fig. 3. 

The self -test codes are 
sent via a series of 1/2 -sec- 
ond pulses (+ 12 volts to 0 

volts) to indicate digits with 
2 and 4 second delays sep- 
arating digits and codes. Of 
course, the Ford service 
manual is required for any 
use of this information. Not 
knowing what's in the Ford 
"black box" I elected to use 
a transistor to drive a reed 
relay, thereby limiting the 
current draw to 1 mA or less. 

The relay contacts simu- 
late pushing a button on 
the game paddle and a 
program I wrote deciphers 
the pulses and prints out 
the code with a brief de- 
scription. The LED and S1 

activate the self test and 
indicate the circuit is armed 
and ready to go when the 

Safety, 
Security, 

Convenience, 
Entertainment 

and Energy 
Management 

Home Automation 
from Heath, 
the catalog 

that has it all... 
Enter the world of 

Home Automation. Remote 
lighting and appliance controls. 

Security alarms and lighting. 
Automated thermostats. 

Video monitoring systems. 
Whole -house security systems. 
They're all yours in the Heath 
Home Automation Catalog. To 

receive your FREE copy, 
call today toll -free. 

1- 800- 44-HEATH 
( 1- 800 -444 -3284) 
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a.nw rouOwous T.,0o..,Ea ,, 

TT III 
en nn 

1.1 II 1.PJ1JI 

ìiIì 
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mPanY 
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Heath Company 
Marketing Dept. 10 7 -0 3 4 
Benton Harbor, MI 49022 
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o TO SIGNAL RETURN 
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Fig. 3. This circuit when placed between the vehicle's EEC -/V 
Self -Test read -out and a Franklin 1200 computer acts as an 
interface. 

Bronco key is turned on. 
Diode D1 protects Q1 from 
any inductive kick caused 
by the relay. 

I prepared a wiring har- 
ness-consisting of 1/4-inch 
male push connectors and 
alligator clips for battery 

Protel Easytrax 2'M 

Outstanding value in Printed Circuit Board /CAD 
for your Macintosh and PC 

Protel Easytrax 2 is a new, low -cost design package for PC and 
Macintosh users that includes everything required to produce 

professional quality Printed Circuit Board artwork. 

Our easy -to -learn menu -driven design system breaks the 'expert 
harrier'- you'll he designing in minutes, not hours. Our 
comprehensive tutorials guide you through the program's extensive 

features that take the tedium out of hoard layout. 

Comprehensive library of Through -hole devices 
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connections -to mate with 
the connector on the Bron- 
co. 

Rather than open the 
computer each time to use 
the DIP plug as with the 
game paddle, I cut the 
paddle cable and inserted 
8 -pin DIN jack and plugs. 

-Bob Lovdahl, An- 
chorage, AK 

Good shot, Bob! And 
readers, if you have a use 
for an interface such as this, 

check the service manual 
for your own car and see if 
you can adapt Bob's circuit. 

MORE MAGIC 
I saw the magic light box 

in your November, 1990 col- 
umn, and it brought back a 
rush of memories. I made a 
few of those things for my 
own use. 

Starting with all switches 
off or open (see Fig. 4), 

explain that only one switch 
will light the light. Show (by 
pressing the switch) that the 
left -most switch won't do it, 

nor will the right -most switch 
turn on the light. It's always 
the center button. Press it 

and the light will turn on. 
You can now press the 

center button several times, 
showing that it turns the 
light on and off. The left 
and right buttons do 
nothing. Press them to turn 
the light off, and hand the 
box to a friend. He'll press 
the center button, to no 
avail. Tell them they now 
have a 50/50 chance with 
one of the other buttons. 
They'll press one, again, no 

o o o-o o- 
S1 S2 S3 

R1 

- 33052 

LED1 Sl -S3 
SEE TEXT 

B1 

+3V + 
-- 

Fig. 4. The magic light 
circuit is nothing more than 
three push -to -make, push -to- 
break switches, an LED, and 
two AA batteries connected 
in series. All three switches 
must be on in order to light 
the LED. 

help! Take the box back 
and show that it's the other 
button that lights the light. 
You press it, and Bingo! 

Okay, now that I let the 
bunny out of the bag, I'm 
lying low to escape all the 
people who couldn't light 
the light! 

-Christopher Dunn, Chi- 
cago, IL 

Chris, score one for our 
side! I'm sure our readers 
are going to have lots of 
fun with this one. 

RELAY ACTUATOR 
I've seen relay actuators 

using a single, normally - 
open pushbutton switch 
and a 4069 hex inverter, but 
here's an even simpler cir- 
cuit (see Fig. 5). 

Switch S1 is a normally - 
open pushbutton switch (oil), 
while S2 is a normally - 
closed pushbutton switch 
(oFF or reset). Pressing S1 

completes the circuit to 
activate and latch the relay. 
The only way to de- actuate 
the relay is to press switch 
S2. 

Because the normally- 

+V 

TO DEVICE o O TOBE 
SWITCHED o o ¡ 

S2 S1 

OFF ON y K1 

Fig. 5. Using two switches 
(one a normally -open 
pushbutton and the other a 
normally- closed pushbutton), 
this simple circuit can be 
used to replace others that 
use more complicated and 
expensive hardware. 

open contacts of the relay 
are being used, the relay 
should be a double -pole, 
double -throw type. 

-Ian Skinner, Victoria, 
B.C., Canada. 

Sometimes, Ian, we 
electronics types do things 
the hard way, I like your 
circuit for its simplicity and 
obvious low cost. 
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The Importance 
Of Setting 
Standards. 

Without standardization in electronics, 
television wouldn't be seen, radio wouldn't be heard, computers 

wouldn't share information. 
Fortunately the Electronic Industries Association (EIA) has been setting 
electronics standards since ] 924 for everything from early tube radios 

to today's cellular telephones and stereo TV's. 
Standards create markets and jobs. Today EIA, an internationally accred- 

ited standards making body, is helping to make HDTV a reality by working 
with the federal government and other industry organizations, to develop a 
timely, uniquely American transmission standard. For home automation, 

EIA also is close to completing a standard which will permit all home 
electronic products to communicate with each other. 

Our more than 1,000 member companies are manufacturers representing 
every facet of the American electronics industry -from defense 

to consumer products. 
EIA is proud of the contributions it has made through its standards making 

process toward the growth and vitality of the U.S. electronics industries. 

Setting the standard for more than 66 years. 

ELECTRONIC INDUSTRIES ASSOCIATION 
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Watching the hypnotic 
motion of a Lava Lamp 
is fun, but did you ever 
wonder how one works.? 

Here's the answer, and 
a guide that shows you 
how you can build one 
yourself. 

BY RALPH HUBSCHER 

While hiking in the mountains 
this past summer, I stopped at 
a small restaurant fora spot of 

refreshment. I wound up with more, 
however; I left with an idea. 

The owner had a unique decorating 
scheme, but what caught my attention 
were the decorative, table -lamp like 
devices that occupied each -able in 
the establishment. They consisted of a 
cylinder- shaped bottle with a very 
short neck. In it, one red liquid moved 
leisurely up and down in a second, col- 
orless liquid. The bottle was mounted 
on a stand and illuminated, and a dec- 
orative roof -like cap hid the bottle cap. 

The red liquid bulged, formed bub- 
bles and balls which rose very slowly 
and changed shape. Near the surface 
they sometimes coalesced wilt other 
balls, but always sank, onli to go 
through the routine again. It was quite a 
spectacle and, like watching fish in an 
aquarium, you could look for hours. 

Of course, the lamps were versions of 
the "Lava Lamp" that was so popular in 
the late 1960's and early 197C's. But as 
that psychedelic age faded, so did the 
lamp's popularity. Eventually, they were 
consigned to the farthest corners of 
closets or dark recesses of mLsty curio 
shops. 

While Lava Lamps have made a bit 
of a comeback of late, why buy some- 
thing when building one presents more 
of a challenge, and a lot more fun? I 
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decided that I'd try to figure out how 
they were made and build my own. 

What's Inside a Lava Lamp? 
Examining the lamp, a few facts be- 
came clear. Obviously two immiscible 
fluids had been poured together, one 
of them dyed for contrast, and heat 
was applied at the bottom to make the 
bottom liquid warm up and expand. 
When expanded, that liquid's specific 
gravity is lower, and therefore it tends to 
move upward to where it is cooler. 
Once the liquid reaches the top of the 
container, it cools off, becomes heavier 
again, and starts sinking towards the 
bottom and the source of heat. The 
source of heat is the light bulb that il- 

luminates the vessel containing the Iwo 
fluids. 

The first thing that must be deter- 
mined is the nature of the liquids. I start- 
ed out assuming the transparent fluid 
was water. The second fluid looked like 
SAE 50 motor oil, but oils float on water 
while this liquid sank, so it had to be 
something else. I remembered reading 
about some imported devices of this 
type and that they contained poi- 
sonous and dangerous chlorinated hy- 
drocarbons. I looked through the 
Handbook of Chemistry to get alter- 
nate ideas, and made a list of require- 
ments. 

Assuming fluid 1 is water, the second 
fluid should: 

be insoluble in water, so the liquids 
remain separate 

be heavier than water, but not too 
heavy, in order to just sink 

not be emulsifiable in water so that it 
separates rapidly 

be non -flammable (for safety) 
be compatible with water (some 

substances will react) 
be stable in air (an air bubble re- 

mains on top) 

WARNING!! This article deals with and 
involves subject matter and the use of 
materials and substances that may be 
hazardous to health and life. Do not at- 
tempt to implement or use the information 
contained herein unless you are experi- 
enced and skilled with respect to such 
subject matter, materials and substances. 
Neither the publisher nor the author make 
any representations as for the com- 
pleteness or the accuracy of the informa- 
tion contained herein and disclaim any 
liability for damages or injuries, whether 
caused by or arising from the lack of com- 
pleteness, inaccuracies of the informa- 
tion, misinterpretation of the directions, 
misapplication of the information or other- 
wise. 

FAN 

(OPTIONAL) 

GLASS 
BEVERAGE BOTTLE 

(SEE TEXT) 

FOAM- RUBBER GASKET 

40 -WATT LIGHT 
BULB 

TIN CAN 

TO DIMMER 
(OPTIONAL) 

WOOD BASE 

CERAMIC LIGHT FIXTURE 

Fig. I. Here are the major components of the Laar Latnp. Heat from the light bulb vtarms 
the hen:yl alcohol in the glass container, causing bubbles to rice to the top, there they 
cool and eventually drift downward again. 



 not be very poisonous (in case of 
breakage) 

not be chlorinated (in case of break- 
age) 

have a high boiling point (in case of 
breakage) 

be somewhat viscous so as to form 
"oily" bubbles 

be reasonably priced 
have a greater coefficient of expan- 

sion than water 
That list of requirements is quite de- 

manding. In fact, as any chemists out 
there will quickly realize, it eliminates 
about 999 out of 1000 possible com- 
pounds. After a thorough search, I 

came up with five chemicals which 
might be worth a try, but none of them 
were without a question mark. The list 

can be found in Table 1. 

MATERIALS LIST 
FOR THE LAVA LAMP 

Benzyl alcohol 
Water 
Table salt 
Glass beverage bottle, 10- inches or taller 
Tin can, pint -size or larger 
Plywood (see text) 
Foam rubber, 1/4-inch (approximate; 
thickness 
Ceramic light fixture 
Light bulb, 40 watts 
Rubber grommet, AC plug with line 

cord, small fan (optional, see text). 
light dimmer (optional, see text), 
hardware, etc. 

PARTS LIST FOR THE LIGHT 
DIMMER 

TR1 -ECG 5603, NTE 5603, 2N6071, 
or, equivalent Triac 

Dl -ECG 6408, NTE 6408, or 
equivalent Diac 

R1 -3000 -ohm, %a -watt, 5% resistor 
R2- 500,000 -ohm potentiometer 
CI-0.1 -11,F. ceramic -disc capacitor 
SOI -AC socket 
PLI -AC plug with line cord 
F1-5-amp fuse 
SI -SPST switch 
Wire, solder, hardware, etc. 

Looking that list over, I decided to try 
benzyl alcohol. That substance, as well 
as the rest of the chemicals mentioned 
in this article, can be obtained through 
just about any reasonably stocked 
chemical supply house (check your lo- 
cal telephone book). Although benzyl 
alcohol is a little more soluble in water 
than the rest of the chemicals that are 

TABLE 1- CHEMICAL CHARACTERISTICS 

Specific Boiling Solubility 
Chemical Gravity Point ( °C) in Water 

Benzyl alcohol 1.043 204.7 slightly soluble 
Cinnamyl alcohol 1.04 257.5 slightly soluble 
Diethyl phthalate 1.121 298 insoluble 
Ethyl salicylate 1.13 233 insoluble 
Nitrobenzene 1.205 210.9 very slightly soluble 

TABLE 2- 
SALT CONCENTRATIONS 

Salt 
Specific 
Gravity 

1 1.0053 
2 1.0125 
4 1.0268 
5 1.0341 
6 1.0413 

listed in Table 1, it seemed to work well 
so I stayed with it. 

Before we proceed, some words of 
caution are in order: While benzyl al- 
cohol is a relatively harmless chemi- 
cal, all chemicals are poisonous to 
one degree or another -you can kill 
yourself with salt. Of course, you must 
not drink it and skin contact should 
be avoided, if possible. Further, if 
benzyl alcohol should get into your 
eyes, wash it out with plenty of water 
while you hold your eye open using 
both hands, and then call a physi- 
cian immediately! Finally, breathing 
benzyl alcohol should be avoided, 
(although it has such a high boiling 
point that hardly any of it evapo- 

TR1 

ECG5603 MT1 

Fig. 2. Using a light dimmer is one way to 
control the amount of heat applied to the 
Lava Lamp. Nearly any dimmer circuit, 
including the one shown here, can be 

used. 

rates). By the way, the oxidation prod- 
ucts of benzyl alcohol -beuzaldehyde 
and beuzoic acid -are used as food 
additives, specifically as artificial al- 
mond flavoring and as a preservative, 
respectively. 

A suitable red oil- soluble dye was 
found quickly. An old red felt pen was 
cut up (without spillage) and the dye - 
containing felt strip in it was placed in a 
jar with some benzyl alcohol. The dye 
was an excellent choice. It was stable in 

air and light, and insoluble in water - 
just perfect. 

The red -dyed benzyl alcohol was 
then poured into a heat -resistant 
beaker, water was added, and the 
blend was heated on a hot plate. 
Nothing happened! Apparently, the 
specific gravities of the two liquids were 
too far apart and the liquids simply 
stayed where they were originally. I de- 
cided to try adding sodium chloride 
(table salt) to the water to increase its 

specific gravity. Table salt's affect on the 
specific gravity of water is shown in Ta- 

ble 2. 

My initial tests showed that 5% and 
6% salt concentrations were too high - 
the benzyl alcohol just floats to the top 
when heated and stays there. But a 
4.8% salt solution worked fine. To get 
that concentration, I dissolved 48 
grams of salt and filled up a container 
to 1 liter. 

I now had all the components for my 
Lava Lamp. Benzyl alcohol (specific 
gravity 1.043 g /cm3) settles on the bot- 
tom of the vessel filled with a 4.8% salt- 
water (brine) solution (specific gravity 
approximately 1.032g /cm3). When the 
vessel is heated, the benzyl alcohol ex- 
pands enough to become lighter than 
the brine and red bubbles rise to the 
top. There, the bubbles cool off, be- 
come heavier than the brine again, 
and sink. The cycle then repeats. 

Construction Details. The first step is 

to find a suitable vessel. Use a glass 
beverage bottle shaped roughly as 

(Continued on page 102) 
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Iknow a young man who had inher- 
ited some speakers from his 
girlfriend and decided that they 

would make a great addition to his car's 
stereo system. Shoving all the empty 
Coke cans aside, he squeezed the 
boxes into his back seat (which they 
filled). Naturally any speaker that big 
must be able to handle lots of power, so 

he didn't hesitate to connect the leads 
to his 200 -watt power booster. Almost 
immediately after cranking the volume 
up until no lyrics were distinguishable, a 
"pop" occurred. It was barely audible 
over the music, but after that the speak- 
ers didn't sound so good. 

squawker, because of its sound quality 
if used alone. For some reason, the 
name didn't appeal to Madison Ave- 
nue. Since the introduction of the third 
speaker, four- and five -way systems 
have been introduced, though, as Paul 
Klipsch pointed out, "with no resulting 
additions to the nomenclature." 

What these systems really needed 
was a crossover network. The job of a 
"crossover" is to split the electrical ener- 
gy among the various speakers. A 
woofer is fed through a low -pass filter 
that, as you might guess, passes low 
frequencies and rejects highs. The 
tweeter is fed through a high -pass filter 

are more sensitive to high frequencies 
than to lows, low- frequency sounds 
(and signals) must be endowed with 
more energy to be heard. The extra 
power given to the lows can be easily 
handled by a woofer, since it has a 
characteristicly high mass, but it could 
damage smaller midrange and 
tweeter drivers. 

The final reason is to improve the fre- 
quency response as much as possible. 
Many drivers have very irregular re- 
sponse, sometimes with large peaks in 
response outside their desired frequen- 
cy range. For example, many woofers 
have large peaks at around 1500 to 

He opened up one of the speaker 
cabinets and exclaimed "Hey, what's 
this fuzzy stuff all over the inside of my 
speaker cabinet, and why doesn't the 
little speaker work ?" Well, the fuzzy stuff 
was the remains of a crossover capaci- 
tor whose voltage rating had been se- 
riously exceeded. By exploding, it had in 

fact nobly saved the tweeters. Whether 
they were worth saving is another ques- 
tion. 

The capacitor was used as a simple 
"crossover network" (commonly called 
just a crossover.) In this article we'll ex- 
plore why crossovers are used and how 
you can design one of your own to suit 
your specific needs. Hopefully by the 
end, you'll be able to avoid the catas- 
trophe my young friend experienced. 

Why Use Crossovers? It was dis- 
covered very early that a wide range of 
frequencies can be reproduced more 
effectively if that range is split up 
among several different speakers, 
each optimized for its particular 
portion of the range. The first genera- 
tion of speakers taking advantage of 
the concept contained a woofer for 
low frequencies and a tweeter for 
highs. Next, a midrange driver was add- 
ed. That driver was sometimes called a 

that rejects low frequencies. If one or 
more midrange speakers are used, 
they are fed through band -pass filters 
that pass only a certain band of fre- 
quencies, rejecting higher and lower 
ones. Usually, a band -pass filter is just a 
high -pass filter followed by a low -pass 
filter, so there are really only two types of 
circuits that we need examine. 

There are three reasons why a 
crossover is needed: The first is simple 
efficiency -why waste high- frequency 
power by applying it to a speaker that 
can't reproduce highs? 

The second, and more important 
reason, is to protect the midrange and 
tweeter from damage. Since our ears 

TWEETER 

WOOFER 

Fig. 1. A simple capacitive crossover can 
protect a tweeter from damage. 

3000 Hz. A crossover can ensure that 
energy above, say, 1200 Hz will be deliv- 
ered to a midrange or tweeter, but not 
to the woofer. 

The Simplest Crossover. A crossover 
usually consists of very simple circuitry. 
The simplest crossover network uses no 
low -pass filter at all, and only a capaci- 
tor for the high -pass filter. Such a net- 
work is shown in Fig. 1. My friend's freebie 
speakers were of this kind. A capacitor's 
reactance is inversely proportional to 
frequency, according to the formula: 

1 

Xc 27tfC 

where f is the frequency and C is the 
capacitance in farads. Since reac- 
tance limits the alternating current, and 
capacitors have a high reactance at 
low frequencies, the capacitor does 
not allow much low- frequency current 
to flow to the tweeter. The so- called 
"crossover frequency" is the frequency 
at which the capacitive reactance 
equals the tweeter's impedance. Thus 

we can find the needed capacitor val- 
ue by substituting the tweeter imped- 
ance ZT into the previous equation and 
solving for C as follows: 
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C = 
2nfZT 

You can use this equation to find the 
size capacitor you need, or you can use 
the graph shown in Fig. 2. 

There is a "gotcha ", though, even in 

this simple design, and we may as well 
deal with it now. Speaker impedance is 

not constant with frequency. Therefore, 
your "8 -ohm" speaker may have an im- 
pedance of 10 or 12 ohms or more at 
the crossover frequency. Thus you must 
determine the speaker's impedance at 
that frequency. 

Fortunately, there's an easy way to 
measure the speaker's impedance. All 

you need is a signal generator, a volt- 
meter, and an ammeter. If you don't 
have an ammeter you can use a 1k 

resistor and a voltmeter instead. 
The test setup with the ammeter is 

shown in Fig. 3A. After wiring up the cir- 
cuit, you adjust the audio generator to 
produce the desired crossover fre- 
quency, and read the voltage and cur- 
rent from the meters. The impedance 
will be the voltage divided by the cur- 
rent. 

The setup without the ammeter is 

shown in Fig. 3B. You adjust the audio 
generator as before and read the volt- 

ages as shown. To determine the im- 
pedance divide the value of the 
voltage across the speaker (Vs) by the 
resistor voltage (Vr) and multiply by 
1000. 

We are not quite through yet: When 
you go looking for capacitors at your 
local electronic emporium, you'll find 
that you need to know more than just 
the value. There's a voltage rating to be 
reckoned with, too. The rating you 
choose will determine the maximum 
power that your system can handle. The 
voltage can be calculated by using: 

V= V2PZ 

where P is the maximum power your 
amplifier can produce, and Z is the 
highest speaker impedance into which 
the amplifier can produce full power 
(usually 8 ohms for home stereos and 4 

ohms for car units). Alternatively, you 
can read the voltage from Fig. 4. I al- 
ways buy at least 100 -WVDC capaci- 
tors, allowing a theoretical maximum of 
a 600-waft amplifier. That provides a 
comfortable safety margin. 

Another choice you'll have is the type 
of capacitor. The cheapest way to go is 

to use a non -polar electrolytic. Stan- 
dard electrolytics, including Tantalums, 
require a DC polarizing voltage, but a 

non -polar electrolytic has two standard 
units inside, connected "back -to- back" 
(i.e. the Iwo positive leads connected 
together). 

Many smaller stores have only polar- 
ized units, especially in values above 
about 2 µF but you can make a non - 
polar capacitor by wiring two polarized 
capacitors back to back as mentioned. 
Each capacitor must have twice the 
capacitance that you want the non - 
polar unit to have. 

While electrolytic capacitors can be 
used in crossovers, they do have a 
tendency to soak up some of the 
speakers power at high frequencies, so 

that you don't get maximum perfor- 
mance from the tweeter. The technical 
name for that fault is "dielectric absorp- 
tion." 

Polyester film capacitors, or better 
yet, polypropylene film units, have al- 
most no dielectric absorption in the au- 
dio range. The difference between 
electrolytics and film capacitors is audi- 
ble, unless you've sacrificed your hear- 
ing to too much loud stuff. 

They are available in values up to 
about 12 µF and they can be wired in 

parallel to obtain larger values. (Ca- 
pacitor values add when capacitors 
are wired parallel to one another.) In 

fact, if the values you need are over 6 
µF it's often cheaper to buy smaller ca- 
pacitors and parallel them than to buy 
a single large unit. 

Adding a Low -Pass Filter. If you 
choose to add a low -pass filter for the 
woofer, it can be just a simple coil (or 
inductor). A coil's reactance is propor- 
tional to the frequency it handles: 

XL= 2nfL 

where L is the inductance in henrys. 
Putting a coil in series with the woofer 
causes the woofer to get progressively 
less power as the frequency is in- 
creased. The correct coil inductance 
can be found by using: 

L= 
2nf 

where Zw is the woofer impedance 
at the crossover frequency. Alter- 
natively, you can use the chart in Fig. 5. 

The circuit with the coil added is shown 
in Fig. 6. 

Coils can be bought at many elec- 
tronics stores and from mail -order 
houses. Again, you have some choices 
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Fig. 2. Select capacitor values Jor neu -ivay speaker systems from this easy-to-use graph. 
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Fig. 3. Measuring speaker impedance is 
easy. You only need a signal generator, a 
voltmeter, and an altimeter (A). If you 
don't have an ammeter, you can use a 
resistor and voltmeter instead (B). 

to make, the first of which is whether you 
want to use an iron- or air -core coil. 
Iron -core coils are commonly available 
because it takes fewer turns of wire to 
make them. Unfortunately, the magnet- 
ic characteristics of iron are not very 
linear, so those coils introduce some 
distortion. However, in a well- designed 
iron -core coil the distortion will usually 

be under 1% or so, as long as you do not 
exceed the rated power. However, at 
excessive power levels, an iron -core 
coil will make your system sound really 
raunchy. 

Your other choice is to use an air -core 
coil. They do not introduce distortion, 
but unless large enough wire is used to 
wind them, they can degrade your sys- 

tem's damping factor. (For a discussion 
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20 

of damping factor, check out a copy of 
Howard Tremaine's Audio Cyclopedia, 
published by Howard W. Sams, from 
your local library.) Figure 7 indicates the 
minimum wire gauge that is suitable for 
coils of various inductances, assuming 
a nominal 8 -ohm speaker. For a 4 -ohm 
speaker, use coils wound with wire three 
sizes larger. The graph is based on a coil 
resistance that is not over 5% of the 
speaker's DC resistance (e.g. 0.3 ohm 
for an 8 -ohm speaker with a 6 -ohm DC 
resistance). 

Unlike the capacitor (unless you're 
really adventurous), a coil is a compo- 
nent that you can make from scratch. 
Being able to "roll your own" is only an 
advantage if you can't find the value 
you need; it may not be a good way to 
save money. You see, copper "magnet 
wire" for winding coils costs roughly 
one -fifth as much when bought in 50 -lb 
bails as it does when bought a pound 
at a time. So a coil maker can sell you a 
prewound, tested coil at a healthy prof- 
it while still charging you no more than 
you would have to pay for the wire 
alone, unless you have a friend who's 
into motor rewinding. (Those are the 
guys who buy most of the 50 -lb bails.) 
How to wind crossover coils is a subject 
for another article, though. 

The frequency response of a simple 
coil- and -capacitor crossover network is 

shown in Fig. 8. Notice that at frequen- 
cies a little beyond the crossover fre- 
quency, the response falls off at a rate 
of 6 -dB -per- octave (an octave is a dou- 
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Fig. 4. You can determine the capacitor voltage rating if you knows' your amplifier's 
maximum output power by using this graph. 
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bling or halving of frequency). That is 

characteristic of "first -order filters," 
which are filters that have only one re- 

active device (whether it's a coil or ca- 
pacitor). Since the woofer's low -pass 
filter has only the coil, and the tweeter's 
high -pass filter has only the capacitor, 
each is a first -order filter, and this is a 
first -order network. 

Adding a Midrange. We could add a 
midrange speaker to our system, using 
another coil and capacitor as shown in 

Fig. 9. The additional components form 
a band -pass filter. The values of the 
components can be determined from: 

1 

C1- 
2V-2nfHZT 

C2- fH -fL 
TrZMLf2M 

L1= ZMH 

4n(fH - fL) 

2Zw 
L2 - 

2nf 
L 

where the various impedances are 
indicated by a subscript: W for woofer, T 

for tweeter, and M for midrange, and L 

and H denote the values at the low and 

high crossover -frequencies, respec- 
tively. (For example, two impedances 
are needed for the midrange driver: 
ZML at the low crossover frequency, and 
ZMH at the high frequency.) The frequen- 
cy fm is the "geometrical center fre- 
quency" of the midrange section, and 
it is given by fM = . A peculiar 
feature of many 3 -way crossovers is that 
they boost the midrange about 2 dB 
above the woofer and tweeter. That is 

no real problem, but it does mean that 
the midrange should be made about 2 

dB less sensitive than the other two 
speakers (more on that later). 

A Two -way, Second -Order Cross- 
over. Figure 10A shows a 2 -way sec- 
ond -order crossover network and Fig. 

10B contains its response curves. Notice 
that at frequencies a little distance from 
the crossover frequency, each of its 

curves falls off at a rate of 12 dB per 
octave. The first -order filter's response is 

also shown (dashed lines) for com- 
parison. 

You might be wondering why you 
would want to use a second -order filter, 

since it requires twice as many compo- 
nents. There are two possible reasons: In 

high -power systems, the woofers can 
often stand 200 watts or more. 
Tweeters, however, can only handle a 

small fraction of that power. Thus it be- 
comes very important to cut off the 
high -energy low frequencies as sharply 
as possible. 

For example, let's say a first -order sys- 

tem is built with a crossover frequency 
of 1000 Hz, and a 100 -watt, 500 -Hz sine - 

wave is fed into the system. The tweeter 
will have to handle about 50 watts. With 

a second -order crossover, the tweeter 
would only have to handle about 25 

watts. 
The second reason for using a high- 

er -order crossover is that whenever two 
speakers are reproducing the same 
frequency at roughly the same levels, 

Fig. 6. This is a simple two -way first - 
order crossover. It prevents the woofer 
from receiving a significant amount of 
high frequency energy. 

there will be interference between 
them, reinforcing some frequencies 
and cancelling others. By using a high- 
er -order crossover, you can reduce the 
range of frequencies in which such 
overlap is possible. To choose the val- 
ues for a 2 -way second -order crossover, 

use these equations: 

C1 - 
4nZTfH 

1 

1 

C2 = 
4nZwfL 

L1= 
Z r 

n fH 

L2=ZA1 
nfL 

Notice that the tweeter in Fig. 10A is 

connected with opposite polarity than 
the one in Fig 6. This is necessary be- 
cause of the phase shift introduced by 
the second -order network. In order for 
the woofer and tweeter to pump air in 

phase at the crossover frequency 
(where they're both working), they have 
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to be connected as shown. Otherwise, 
their outputs will cancel and produce a 
response dip at the crossover point. 

A Three -Way, Second -Order Cross- 
over. Figure 11 shows a 3 -way second - 
order crossover network. Note the 
tweeter is wired with the same polarity 
as the woofer, but now the midrange is 

reversed. Calculate the parts value as 
follows: 

1 

Cl = 
4nZTfH 

C2 fH-fL 
2 V LJLZMLf2M 

1 

C3 = 
2 V nZMH(fH - fL) 

1 

C4 - 
4nZwfL 

Z 
L1 = 

n fH 

ZMH L2-VIn(fH-fL) 

L3 - ZML (fH - fL) 

V Lnf2M 

L4=Zw 
nfL 

A Practical example. As an example, 
let's see what components we would 
need to make a typical speaker sys- 

tem. We'll use a 12 -inch woofer and a 
horn tweeter with stated impedances 
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Fig. 10. A two -way second -order network is a more frequency- selective circuit (A). As you 

can see the response declines at 12 dB per octave (B). 

of 8 ohms. We'll choose a 2 -kHz 
crossover frequency. Measuring the ac- 
tual speaker impedances, we find that 
Zw is 20 ohms and the ZT is 9 ohms at 2 

kHz. If we only use a simple capacitor 
crossover, the capacitor's value would 
be: 

1 1 

C 2nfZT 2 x n x 2000Hz x 952 -8,8µF 

Moving on to a two -way first -order 
crossover will require adding a coil 
whose inductance is: 

Zw 2052 

L 2nf 2 x n x 2000Hz 
-1.bmH 

If we decide to improve perfor- 
mance and increase tweeter protec- 
tion by using a second -order network, 
we'll cut the capacitor value in half and 
double the inductor value. Thus we will 
need two 4.4 -0,F capacitors and two 
3.2 -mH coils. 

Perhaps, after looking more closely 
at the response curves for our woofer 
and tweeter, we decide that our system 
could be improved if we used a mid- 

5K 

range speaker also. We decide on =7µF 
crossover frequencies of 500 and 4,000 
Hz. Measuring impedances, let's say we 
find that the woofer presents 18 ohms at 
500 Hz, the midrange has 8.9 ohms at 
500 Hz and 12.6 ohms at 4,000 Hz, and 
the tweeter has a load of 9.8 ohms at 
4,000 Hz. Plugging those numbers into 
the equations for a second -order, 
three -way network, we find: 

fm= V4000Hz x 500Hz =1414Hz 

1 1 

C1=4nZTfH 
4xnx9.852x4,000Hz 

= 2µF 

fH -fl 
C2 - 

2VLX71ZMLf2M 

4000Hz - 500Hz 
- 22.1µF 

2V-n x 8.952 x (1414Hz)2 

1 

C3 - 
2V 2nZMHfH - fl 

1 

2V2 x n x 12.652 x (4,000Hz- 500Hz) 

1 

C4 = 

10K 20K 

FREQUENCY (Hz) 

1 

43TZ,,,fL 4xnx1852x500Hz 

= 8.9µF 

L1= ZT = 
9.852 

0.78mH 
nfH n x 4,000Hz 

ZMH 
L2 - 

V Ln(fH - fL) 

12,652 

/2 x n x (4000Hz - 500Hz) 

ZML(fH - fL) 

- .9mH 

L3 - 
V Lnf2M 

12.652 x (4000Hz - 500Hz) 
_ -1.2mH \/ x n x (1414Hz)2 

cw 1852 
L4 = = - 11.4mH 4 n x 500Hz 

Many years ago, I built a three -way 
speaker system using prime -quality 

(Continued on page 100) 
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Build a time -delay, flash-trigger circuit that 
lets you capture shots that would be 

next to impossible otherwise. 

BY JAMES R BAILEY 

If you are like me, you hone been 
amazed at he simple, ye, classic 
beady of tI e familiar "mtk drop' 

photos. Tley are among the thousands 
of well- known images created by fam- 
ed inver-tor and educator, Dr Harold 
Ecgerior. Now, 'you can shoot',our own 
"aassic" using your own camera and 
tic sh, cc _pled with this easy -io -mcke 
time clay flash trigger. 

How It Works. The schermic di- 
agram Or the -ime delay circuit is 

sown in =ig.1. The circuit is built cround 
a angle 4093 qu:d 2 -input NAN Schmitt 
trigger TN..o gates from that quad pack- 
age (L1 -a and L' -b) are configu-ed a: 
a set -reset flip ̀ bp, which is trggered 
by a pactotransstor (Q1). As long as Q 
is lurrincrted by a beam of light, one 
input of U1 -a is Held high. Wien the 
beam is ìterruped, say by a falirg milt 
drop, he input to U1 -a is pullec low via 
resistor R-. 

That causes U` -a's output to go high 
thereby forcing Lri -b's output l. Attha 
point. C2 (which in conjunctior with R2 
are R3, ieterm nes the 'ength of he 
t rie delay) begins to disci -arge 
through R2 and R3. The actual delay 
tine it seconds is given by: 

td =Cx (R2 + R3) 

When C2 has discharged sulficientl}. 
L4c's output goes high, triggering SCR - 
ard fir ng your flash. Now C1 begins to 
cl-arge through R4, which takes abou- 
a half second. When that ti-n3 has 
elapsed, U1 -d's output goes lo-.v, reset- 



ding U1 -a and U1 -b to their initial state. 
Capacitor C2 then quickly recharges 
through D1, so that it's ready for the next 
shot. The half- second delay produced 
by C1 prevents double exposing your 
shots. 

Construction. The author's prototype 
of the trigger -delay circuit was butt on 
a printed- circuit board (see Fig. 2) 
measuring 11/2 by 21/2 inches. After etch- 
ing your circuit board, install the com- 
ponents using Fig. 3 as a guide. Be 
careful when handling U1. It's a CMOS 
device and can be damaged by static 
discharges. Also, when installing C1 and 
C2, be sure to observe the proper po- 
larity. 

Mount the phototransistor, Q1, near 
one end of the circuit board. The lead 
nearest to the flattened edge o= the 
phototransistor is the collector, and 
should be connected to the +9 -volt 
bus (as shown). Before installing Q1 
bend the ends of its leads to form a 90° 
angle to line up with a hole that will be 
drilled in one end of the circuit's en- 
closure (more on that in a moment). 
Just about any phototransistor will work 
for Q1. Both infrared and visible light 
types are acceptable. 

You'll need a short length of black 
plastic tubing to fit over Q1 to help keep 
it lined up with the hole. The author 
used a section cut from an old disposa- 
ble ballpoint -pen housing. A 'note 
about Y,c inch was drilled in the sealed 
upper end of the pen housing to allow 
light to get to Q1. Be careful not to make 
the hole too large; if you do, a drop of 
milk may be too small to block ail the 
light. 

GE C106D SCR's come both with and 
without heat -sink tabs. For this project 
the tab is unnecessary, so you can cut it 
off if desired to prevent shorting You 
can also use Teccor T106D's. Do not sub- 
stitute any other SCR for SCR1; either 
version of the 106D is inexpensive and 
have been used successfully on many 
flash and control projects. 

Next prepare the enclosure thct will 
house the time -delay circuit by drilling 
holes for S1, R2, Q1, and the flash cord. 
The author's circuit was housed in an 
enclosure measuring about 53/4e by 2s /8 

by 1% inches. The author drilled a hole 
in one end of the enclosure for Q1. That 
hole should be small enough to fit Q1's 

plastic tubing snugly. Cement the tub- 
ing in place. 

Drill a hole in the side of the enclosure 
for the flash sync cord. For the sync 
cord, cut the male end off of a oho- 
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R1 t 
330K 
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D1 

1N4448 ---1 
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Fig. I. The time -delay trigger circuit is built around a single 4093 quad 2 -input NAND 

Schmitt trigger. Two gares from that quad package (UI -a and UI -b) are configured as a 

set-reset flip-flop. 

1' /e INCHES --Y1 
Fig. 2. The author's prototype unit Hus 
built on a printed -circuit board measuring 
13 /8 by 21 inches. 

tographic extension cord. Use the 
female end and the wire for this project. 

Attach two adhesive -backed plastic 
cable clamps to the bottom of the 
case along the centerline. They are 
used to attach the delay unit to the 
ringstand. Cut a disc about % -inch in 
diameter from a white, self- adhesive la- 
bel. Make a hole in the center to fit 
around the photocell opening in the 
case. Mount the disc around the hole. 
The disc will serve as a target for lining 
up to take your splash photos. 

Testing. Before mounting the circuit 
board in the enclosure, attach the bat- 
tery and make sure that the circuit is 

functioning correctly. Temporarily sol- 
der the sync cord to the appropriate 
points on the circuit board. The white or 
center lead goes to the anode of SCR1. 

The black lead or outer conductor gees 
to ground. A few flashes have negative- 
polarity sync circuits; if that is the case 
with your unit, it will be necessary to 
reverse those connections. 

To determine if the sync cord is prop- 
erly connected for your flash unit, plug 
the sync cord into your flash unit. If your 
flash unit has a variable -power "man- 
ual "setting, set it to minimum power for 
the quickest recycle time. Turn the lash 
unit on, but leave the delay turned off 
for the moment. Connect a voltmeter 
across the anode and cathode of 
SCR1. The anode should be positive 
and the cathode negative. The voltage 
is unimportant and is likely to be any- 

Just about any phototransistor (infrared or 
visible light type) is fine for Ql. Before 
installing Ql. bend the ends of its leads to 
form a 90° angle (as shown here) so that it 
lines up with the hole in the end of the 
enclosure. 
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Fig. 3. Install the components using this figure as a guide. Be careful when handling UI. 
It's a CMOS device and can be damaged by static discharges. Also, when installing CI 
and C2, be sure to observe the proper polarity. 

Here is the author's set up. Two adhesive- backed plastic cable clamps were used to attach 
the time delay trigger circuit to the ringstand. 

where from 2 to 250 volts-depending 
on the design of the flash. If the anode is 

negative with respect to the cathode, 
unsolder the sync cord leads from the 
board and reverse the connection. 

Attach a 9 -volt battery to the battery 
connector and turn on the power 
switch. Make sure no direct light is shin- 
ing on Q1. The flash should fire every 
second or so. Rotating R2 should 
change the time interval between 
flashes. If the flash does not fire, check 
the battery to make sure ifs fresh. Shine 
a bright pen light on Q1 and the flash- 
ing should stop. Briefly interrupt the 
beam with a pencil or other object and 
the flash should fire a moment later. 

If a fresh battery fails to make the 

flash fire, momentarily place a short 
across the sync cord to see if the flash is 

working. It should fire each time you 
short out the sync cord. Assuming the 
flash is working, check the following 
voltages: with Q1 lit, pin 1 should be at 
8.5 volts and 0 volts when dark; pin 3 

should be at 0 volts with Q1 lit; pin 4 at 
8.5 volts with Q1 lit; pin 10 at 0 volts with 
Q1 lit; pin 11 at 8.5 volts with Q1 lit. With 
the exception of pin 1 of U1, the volt- 
ages should alternate between the 
high and low readings with Q1 dark. 

If the voltages do not check out, then 
SCR1 is probably defective, otherwise 
suspect U1 or that a capacitor is in- 
stalled backwards. 

Once you have everything working, 

PARTS LIST FOR THE 
TIME DELAY FLASH TRIGGER 

SEMICONDUCTORS 
UI- CD41)93 quad 2- input, NAND 

Schmitt -trigger, integrated circuit 
QI -NPN phototransistor, see text 
SCRI - C106D or TIO6D silicon - 

controlled rectifier 
DI- 1N4448 or similar fast -recovery 

silicon diode 

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

units.) 
R1- 330,000 -ohm 
R2- 100,000 -ohm potentiometer 
R3- 300,000 -ohm 
Rd 680,000 -ohm 
R5 -1000 -ohm 
R6 -3300 -ohm 

ADDITIONAL PARTS AND MATERIALS 
Cl, C2 -I -µF, 35 -WVDC, Tantalum 

capacitor 
SI -SPST toggle switch 
Perfboard materials, 5 1/16- x 25 /x- x 

11/4-inch plastic enclosure, cable 
clamps, 9 -volt transistor -radio battery 
and connector, sync cord, knob, wire, 
solder, hardware. etc. 

temporarily disconnect the sync cord 
from the printed -circuit board, feed it 
through the hole in the enclosure, and 
reconnect it to the circuit board at the 
point indicated in Fig. 3. Insert Q1 into its 

tubing and secure the circuit board to 
the bottom of the enclosure with dou- 
ble -sided foam adhesive tape. Mount 
S1 and R2 to the enclosure. 

Add a piece of insulating cardboard 
or foam over the circuit board to isolate 
it from the battery, which will lay above 
it in the case. Close up the enclosure, 
and install a knob on the shaft of R2. 

Taking the Photo. The ideal source for 
falling milk drops is a glass laboratory 
burette. Mount it on a ring stand with its 

tip about eleven inches above the ta- 
ble. Place a dark or brightly colored 
dinner plate below the burette. Clip the 
delay box onto the ring stand (see pho- 
tos). Position the photocell so that it is 

about 1 inch below the tip of the bu- 
rette. Fill the burette with either milk or 
half milk/half water. 

Support a pen light about a foot 
away from the delay box and aim it at 
the photocell. Tape a black pape: 
hood around the pen light to confine 
the beam. It should light the ring 
around the photocell. Connect your 
flash to the delay and set it for minimum 

(Continued on page 101) 
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X Marks 
the Spot 
FISHER M -SCOPE 1280 -X WADER. 
Manufactured by Fisher Research Labo- 
ratories, Dept. P -E, 200 West Wilmott 
Road, Los Banos, CA 93635. Price: 
$549.95 with 8 -inch coil and $559.95 
with 101/2cinch Spider Coil (pictured). 

We've never needed an excuse to head 
down to the beach. And while we enjoy 
basking in the summer sun, there's some- 
thing to be said for a brisk fall day on an 
almost deserted beach, and those still -too- 
cold- for -bathing -suits spring afternoons 
that offer a glimpse of the summer to 
come, and even a bundled -up winter stroll 
along the shore. Actually, even in season 
we tend to prefer the beach in early morn- 
ing or late afternoon- before or after the 
burning rays and heavy crowds. Time 
spent on an empty beach is both calming 
and exhilarating, and has a way of putting 
everyday life into perspective. 

Very often during the off -season and off - 
hours, we've noticed solitary figures pac- 
ing off the sand with metal detectors. 
We'll admit, we always thought they were 
a bit, well, strange. 

Then we came across a couple of issues 
of Fisher World Treasure News, a free 
newsletter for treasure hunters, rather spo- 
radically published by Fisher Research 
Laboratories. Headlines such as 
"$75,000 Coin Cache Found on U.K. 
Farm," "How t Found Gold in Downtown 
Houston," "Beach Hunters Strke it 
Rich," "2,6(X) Year Old Weapons Hoard 
Unearthed in South Wales," and "Guthrie 
Gold Find Sets Metal Detector History" 
piqued our imaginations. We were spend- 
ing time strolling the beaches anyway. 
Why not try to supplement our incomes as 
we soothed our souls? 

We contacted Fisher, the oldest nan- 
ufacturer of metal detectors. The compa- 
ny's founder, Gerhard Fisher, designed 
and patented the first aircraft radio direc- 
tion finder in the 1920's (and received an 
enthusiastic response from Albert Einstein 
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for his invention). Upon learning that the 
direction finders were fouled up when 
planes flew over highly conductive, miner- 
alized areas. Dr. Fisher realized that a por- 
table prospecting instrument based on the 
same principle could be developed. De- 
spite Einstein's opinion that it wasn't very 
useful, the "Metallascope " -a bulky, 
awkward device consisting of two flat 
wooden boxes containing copper coils, 
five vacuum tubes, and a handful of other 
components -was patented by Fisher in 
1937. 

Today's metal detectors are used by 
mining companies, law -enforcement 
agencies, public utilities, archaeologists, 
and professional and amateur treasure 
hunters (proving that even Einstein was 
occasionally wrong). Modern detectors 
are. of course, lighter and more sophisti- 
cated than those of yesterday. They come 
in a variety of different styles. and with 
features to suit all sorts of treasure- hunting 
situations. The 1280 -X is what's called a 

VF/TR or Voice Frequency /Transmit -Re- 
ceive type of detector. It detects metal by 
transmitting a 2.4 kHz signal (a voice fre- 
quency) into the ground. Any metal will 
disturb the electromagnetic field of the 
transmitted signal, which the detector 
sens._s ;is it receives a reflected signal. Not 

all detectors use the same frequencies or 
even the same type of signal. We'll leave 

cut some confusing details about the other 
types. and talk more about the Wader later. 

It was a balmy Indian summer day when 
we decided on the 1280 -X Wader, a metal 
detector that would allow us to search not 
only the shore line, but also under the 
water A less expensive version of the un- 
derwater 1280 -X Aquanaut -used by di- 
vers, archaeologists, and professional 
treasure hinters -the Wader is completely 
submersible except for its headset. (We 
could have opted for metal detectors in- 
tended for gold prospecting, or for search- 
ing in grassy areas (which the Wader also 
handles)-but we'd prefer to spend time 
on the beach and not risk our suburban 
neighbors' wrath by digging up their 
lawns.) 

The 1280 -X metal detector consists of a 

fiberglass shaft that telescopes from 33 to 
49 inches with a search coil at one end 
(ours came with the 8 -inch coil), an ad- 
justable arm rest at the other, and a control 
box attached to a padded hand grip in the 
middle. V rtually no assembly is required; 
most at Ih: setup involves adjustments for 
the us pr's height and arm length. The front 
(top) panel of the control box has an LED 

(Continued on page 7) 
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Number, Please? 
RADIO SHACK IEC -340 DESK-TOP AND 
EC -339 POCKET ROLODEX'" DIREC- 
TORIES. Manufatured by Radio Shack, 
Division of Tardy Cor¡;uration, Fort 
Worth, TX 76102. Price: 5149.9 (desk- 
top) and $99.95 (pocket). 

\\. hale dialing In ormation ti) phone 
uumhcrv. It's a matter of principle: Phone 
rates sue high coma h without our handing 
over an additional tee cac;r time we dial 
411. t. ?nfortunate', we Ir.yacntl find our - 
selves in situations where we don't have 
access to the number we r :ed- trying to 
change a doctor's appointment during 
working hours. for instance, we'll dis- 
cover that his nunher is listed in our phone 
book at home. but not on file in the office_ 
Or wall have to -nakc an attei-ho rs busi- 
ness call to the west coast from home. and 
realiic the numbs is on our desk at work. 

Sor-e mcticul-au, rccorJ- keepe:s man- 
age ?o keep one or two ti r more) phone 
directories up to date_ and .even bring one 
along when travelling. btu[ we don't (all 
into that category. That stack of business 
cards we bring track from each press con- 
ference olden ends up st:: -. ing it :t side 

pocket of a hrich_as..and c, hen a friend or 
relative changes addresse'._ the new one 
tends to get stuck up on he retìigcrator 
insteac of entered into eaclit of our several 
telephone direr'orics. :1nd even those 
changes or additions :hat are mad: to one 

director are r.rcl Iran =.cribec to the 
others. We end up dialing 411 notch too 
often. and our p ions bills etlect .t. 

Rec-t ise we arch inherent;) neat or 
well organized_ neither Life our phone - 
number file. Oar desktop phone directo- 
ries combine harely Ic ihlc hand -scrawled 
cards, haphaiardly clipped -on business 

cards. and scraps r. paper covered with 
quickly lotted name, and numbers. If we 
scroll through too Last. -flings go fling. 
All the crossed -out urics in our personal 
phone hook, retied how Ireyuentk our 
It tends tend to relocate those hook, also 
hold notes about new restaurants to try, 
scraps containing "Few- addresses, busi- 
ness cards that never Made it to the of- 
fice -all held together with rubber hands. 

It's no wonder we were anxious to try a 

new method, like combination of 
electronic Rolodexes, from Radio Shack. 
The desk -top model F -( _340 and the 
pocket -sized EC-33° cu h have 64K mem- 
ory. and phone- dire-ctci; entries can he 

transferred between then in a platter of 
seconds. ASu still have t I input the infor- 
mation once. hut the°1 its a simple thing to 
copy them to the other I(.ilodex. Informa- 
tion is t,\pcd in---keeping it all legible - 
and there's no place for stray business 
cards and scraps of paper to accumulate. 

The EC-340 is designed to resemble a 

miniature PC, with a large LCD readout 
perched atop a Rolodex-,t\ le seroller, and 
a row of "function" chorees spanning the 
top of its QWERTY -st.:k kepad. Those 
functions let you do much more than just 
keep u::ck of addresses and phone num- 
bers ( which fall under 'business -card 
tile'. category) Instead of all those scraps 
of paper, you can us. the "letters -to- 
write" and 'call sheet' categories to store 
reminders of who you ttc.cl to get in touch 
with: entries can he mace) manually or by 
making an " interna transfer" of the ap- 
propriate infbrmaticn 'tun the business 
card tile. "Reminder mires" provides a 

place Um you to manually input and store 

appointments and other things you'd pre- 
fer not to forget. Pressing "monthly calen- 
dar" displays a calendar of the current 
month; pressing the En-ward or reverse 

(Continued on page 7) 



icture Perfect 
CANON EOS REBEL AUTOMATIC SLR 
CAMERA. Manufactured by: Canon 
U.S.A. Inc., One Canon Plaza, Lake Suc- 
cess, NY 11042. Price: $299 (body); 
$180 (35 -80 -mm zoom lens); $300 
(80- 200 -mm zoom lens). 

We have lied memories of our first for- 
ay into photography. Our Kodak Brownie 
box camera was easy to use, ever fix chil- 
dren. Loading the film was the mast diffi- 
cult par . The rest was easy -just point and 
shoot. The result? Pretty good snapshots, 
mostly of people squinting into the ;un. 

Whip the composition could have been 

better, We quality of the pictures was good. 
Images were rarely out of focus -the 
fixed-fi us lens made sure of that, as long 
as we fef lowed the cardinal rule of keeping 
at least four feet from the subject. The 
camera fit us perfectly, although our needs 
were not very sophisticated. 

As we grew olds . however, we began to 
understand and appreciate some of the 
more subtle things a camera could do, and 

wanted to try to wt results that weren't 
possible with a fill d -focus camera. Wi: 
graduated to a 35 -mm range - finder camera 
that gave us control over the focus, shutter 
speed, and lens opening or aperture. An 
electronic light -mater let us know if our 
shots would be ovex -or underexposed. We 
were impressed by the results, and were 

ready to begin being a little more artistic. 
With the adjustable shutter speed, we 

could blur the image to show speed, or get 

stop -action shots if we wanted. With the 

adjustable aperture, we could control the 
depth of field to remove a distracting back- 
ground from a portrait shot, or keep every- 
thing in focus in a landscape scene. 
Granted, it took a while to learn, and each 
picture required a little setup time, but the 
results were usually worth it. 

Once we mastered the techniques, the 
range finder's two drawbacks became ap- 

parent. First was the inability to switch 

lenses, which meant that we couldn't get 

those wide -angle shots. Second was the 

lack of a TTL, or through -the lens, view- 
finder. Usually, the picture we got was the 

picture we wanted. But unless you're look- 
ing through the lens, you can't really be 

sure. 
As you might have guessed, we gradu- 

ated to a 35 -mm SLR, or single -lens re- 

flex, camera that gave us pretty much ev- 

erything we wanted -complete control 
over focusing, aperture, and shutter speed, 
and the ability to try different lenses. It 

even had a semi -automatic aperture -pri- 
ority mode in which, once the aperture is 

set, the camera determines and sets the 

shutter speed for proper exposure. That 
made taking a good picture easy and 
quick -for those who had mastered the 

camera's complexities. For some non- 
technical types, the SLR camera was too 
complicated for point- and -shoot picture 
taking. It seemed that any camera we 
found that gave us the control we required 
for "real photography" was over -qualified 
for such basic tasks as taking candid 
snapshots under the Christmas tree or on 
vacation. 

As silly as it might sound, we found that 
the only solution that let us take creative 
pictures while also letting even the low - 
tech family members in on the picture - 
taking action was to keep an lnstamatic on 
hand for snapshots. Now, however, we've 
found that just as electronics has made our 
lives easier in so many other ways, it's 
made picture taking easier as well. 

That fact was driven home to us by the 
Canon EOS Rebel, the latest entry in Can- 
on's EOS line of auto -focus SLR's. The 
camera is extremely easy to use, even for 
beginners. Yet it allows serious pho- 
tographers to take full control for creative 
photographs. 

Even loading film into the EOS Rebel is 
simple: you just insert a roll of film and 
close the camera back. The film is wound 
onto what is normally called the take -up 
spool. As each picture is shot, the film is 

rewound back into the film canister or cas- 
sette. The advantages are twofold: The 
camera's LCD always shows the number 
of frames left to shoot, and if you acciden- 
tally open the camera back in the middle of 
shooting a roll of film, all of the exposed 
frames will be safely stored in the film 
cassette. 

Like most recent cameras, the Rebel 
automatically sets itself for the proper film 
speed by reading the DX codes (those 
black and silver squares on the side of the 
film cassette) so that it's impossible to 
forget to set the proper speed. It is possi- 
ble. however, to purposely set the canera to 
the incorrect speed for special effects. 

Four Programmed Image Control (PIC) 
and five auto -exposure (AE) modes let be- 
ginners take what Canon's advertisements 
say are not mere snapshots, but pho- 

(Continued on page 8) 
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Mouse Without 
A Tail 
LESTER THE CORDLESS MOUSE. Man- 
ufactured by: Lightwave Technologies, 
Inc., Mundelein, IL 60060 -0599. Price: 
$129.95. 

Until the 1980's, a mouse was simply a 
rodent. But then Apple introduced their 
Macintosh, and it became a computer -in- 
put device. We weren't crazy about the 
idea. We were just coming around to the 
IBM PC, and still defending CP /M as a 
viable computer operating system. The 
mouse, to us, was for "sissies" who didn't 
know anything about computers. 

We always preferred to work from the 
command line -it's quicker. We realize, 
however, that the graphical user interface is 
popular, and it's now entrenched even in 
the MS -DOS world of IBM PC's and 
clones. We like Windows 3.0 (the indus- 
try- standard graphical user interface for 
MS -DOS computers) -especially since it 
lets us quickly exit to the standard DOS 
prompt. 

When our graphics applications re- 
quired a mouse, we decided on a trackball 
instead of a standard mouse. We liked it 
because it doesn't take up that much room 
on the desktop -or we should say that it 
always takes up the same amount of room. 
After using the trackball for a while, we 
decided that it wasn't much of an improve- 
ment. We realized that it wasn't the 
amount of room the mouse required that 
bothered us. It was the mouse's tail -the 
wire that connects the mouse to the com- 
puter's bus or serial port. It always seemed 
to get in the way, or get buried underneath 
papers. 

Still, the trackball seemed to work rea- 
sonably well, and it seemed to us to be a 
more natural way of moving a pointer on 
the computer screen. It had one feature 
that we didn't like, however -it was too 
tall. Even with long fingers, it was not very 
comfortable to use while keeping one's 
wrist on the desktop. Unfortunately, while 
it's possible to make trackballs with lower 
profiles, they're not going to feel very nat- 
ural. That's because a natural feel requires 
a larger roller ball, and the size of the ball 
limits how small the unit can be. 

A mouse, on the other hand, typically 
has a ball less than an inch in diameter, as 
compared to the cue -ball size of a typical 
trackball. A mouse could be easily made 
smaller, but then it would lose its natural 
feel. 

The latest entrant into the mouse game 
is Lester, the Cordless Mouse. We won- 
dered why anyone would call a mouse 
Lester. Well, Lightwave Technologies 
must have worked a long time to come up 
with the name, which is actually an acro- 
nym for Light -Emitting Static- Tracking 
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Extended-Range technology. It doesn't 
make any sense to us, either: After all, a 
static mouse doesn't need to be tracked, 
and we found that the maximum range for 
reliable operation was about six feet -but 
we couldn't read our monitor from that 
distance anyway. 

We tested Lester on an AT -clone corn- 
pule r, although a Macintosh version is also 
available. Installation is reasonably easy, 
even for inexperienced users. 

Lester consists of two units: the wireless 
mouse, and an infrared- receiver snit that 
is wired to the computer's serial port. 
(That's right, the mouse isn't completely 
wireless.) Although the receiver unit has a 
9 -pin connector on the end of its cable, the 
package includes a 9 -to -25 pin adapter, 
along with a second adapter that converts 
the 9 -pin connector to the Mouse Fort con- 
nector used on IBM's PS /I and PS/2 com- 
puters. The hand unit, of course, reeds no 
installation- except for loading the two 
"AAA" batteries that power the transmit - 
ter. (The receiver is powered from the se- 
rial port) 

As with any other mouse, software in- 
stallation is also required. But that, too, is 
quite simple -as simple as -typing 
"MOUSE," or adding one line to your 
AUTOEXEC.BAT file (which runs auto- 
matically each time you boot your comput- 
er) You can select several options; for 
example, MOUSE 2 installs Lester on 
COM2, the computer's second serial port. 

Lester is compatible with the Microsoft 
muse and the Mouse Systems mouse. 

While Microsoft is the default mode, 
switching is as simple as entering the com- 
mand MOUSE 3, which installs the mouse 
in the Mouse Systems mode. Is it really 
compatible? Yes. In fact, after we installed 
the hardware, we ignored the software to 
see whether everything we had configured - 

for our trackball would run. It did, without 
problems. 

We did, of course, want to try out the 
supplied drivers as well. One of the things 
we liked was the "Intelligent Sensing Cir 
cuit" that determines automatically the 
type of mouse for which your software is 
configured, and configures Lester to oper- 
ate in that mode. So if you prefer using one 
of your software packages with a three - 
button (Mouse- Systems -compatible) 
mouse, while you prefer a two -button (Mi- 
crosoft- compatible) mouse for the rest, 
you can set it up once to work that way, and 
never have to think about it again. 

Using Lester was a pleasure. Its move- 
ments caused the cursor or pointer to track 
accurately, and the infrared link added no 
perceptible delay. The default sensitivity 
seemed comfortable and natural. But if 
you prefer smaller mouse movements to 
result in larger cursor movements or vice 
versa, it's a simple matter to adjust 
Lester's sensitivity with a software corn - 
mand from 10 to 1200 dpi, or dots per inch. 
(The default is 300 dpi.) 

We found, however, that Lester's "vari- 
able tracking feature" gave us enough flex- 
ibility that we never needed to adjust the 

(Continued on page 8) 



Fuzzy Logic, 
Clear Picture 
FISHER FVC -880 8mm CAMCORDER. 
Manufactured by: Sanyo Fisher Corp., 
21350 Lassen Street, Chatsworth, CA 
91311 -2329. Price: $1299.95. 

When we first heard of the Fisher 
FVC -880, with its unusual horizontal con- 
figuration and "Fuzzy Logic" circuitry, 
we figured that it was just another case of 
camcorder designers staying up all night to 
come up with something just a little dif- 
ferent to make their camera stand out in a 

crowded market. This camcorder does just 
that. Its horizontal design gives it a unique 
look -and a unique feel. It's held in a way 
that resembles using binoculars or a still 
camera. And, although it's a very light 
camera -l.7- pounds without the bat- 
tery-it's easy to hold steady when two 
hands are used. Its thin line allows it to fit 
easily in a briefcase, and its small size 
means that it can be carried in a: purse or 
even a fanny pack. 

While its looks certainly are the first 
thing you'll notice, what really does set 
the FVC -880 apart from all of its competi- 
tion is the inclusion of "Fuzzy Logic" 
circuitry, which adds a degree of artificial 
intelligence to the control of auto -rocus 
and auto -iris operation. Rather than mak- 
ing focusing and iris adjustments on a 
strict "yes /no" digital basis, fuzzy logic is 
said to add a "maybe" to its list of options. 

In theory, a fuzzy -logic focusing system 
should react in a more "human- like" man- 

ner. For example, if the subject on which 
you're focusing moves out of the center of 
the scene, a standard auto -focus cam- 
corder will focus on the new scene that's in 
the center, while the intended subject be- 
comes blurred. Although other digital 
focusing schemes can break the scene into 
more than one zone to allow for quicker 
auto focusing, they can't always be sure of 
the correct object on which to focus. For 
example, two off -center objects at dif- 
ferent distances might cause the cam - 
corder to oscillate back and forth between 
the two items. Fuzzy logic, however, is 
supposed to be able to determine the most 
logical object on which to focus. It does 
that by monitoring the signal output from 
each of the six segments into which the 
focusing area is broken, and always focus- 
ing on the strongest signal. 

Unfortunately, the strongest signal does 
not always correspond to the object on 
which you want to focus. We found that 
when it made the right choice, focusing 
was quick and accurate. Unfortunately, the 
fuzzy logic didn't always make the right 
choice. For example, when our subject 
went into the shadows, the camcorder 
would shift focus to a different part of the 
scene -even when our subject was at the 
center of the screen. At least it stuck to its 
choice; the FCV -880 never fell into the 
oscillating- between -subjects trap. 

Fuzzy logic is also used to handle the 
camcorder's automatic exposure. In theo- 
ry, it can keep the subject properly ex- 
posed even in difficult lighting conditions, 
for example, shooting a subject indoors in 
front of a brightly lit window, or in the 
shade on a bright, sunny day. We found 
that ,.t did a good job evaluating the light- 
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ing conditions, and we rarely had to man- 
ually adjust the iris. 

None of the other camcorders we've 
used has a horizontal design, and when we 

first saw pictures of the FVC -880 we were 

skeptical. Why, we wondered, would any- 
one want to use a camcorder that required 
the use of two hands? All video cameras 
were designed for one -hand shooting, 
with the opposite hand required only to 
adjust lesser -used functions. From the 
photographs we saw, however, we didn't 
realize how small the FVC -880 is. When 
we picked up the actual camcorder, we 
were surprised to find that it was quite 
comfortable to use. Most of the time, in 
fact, we were able to operate the cam- 
corder using only our right hand. Al- 
though it got tired relatively quickly, we 

had expected it to be worse, because the 
weight of the camera should have been 
creating maximum torque on the hand 
holding it. A small ridge on top of the 
camcorder lets the right hand get a firm, 
comfortable grip on the unit (although we 
did get complaints from users with small 
hands). 

Two- handed operation, of course, was 
even more comfortable. Actually, it's es- 
sential, because important controls must 
be controlled by the left hand. 

Besides fuzzy logic, the FVC -880 pro- 
vides the standard array of features that 
we've come to expect. For example, it 

offers a 6 x variable -speed zoom with 
macro -focus capability, six selectable 
shutter speeds from 1 /100 to 1/4000 sec- 
ond, title insertion, a flying erase head for 
cleaner edits, scene search for in- camera 
editing, and a 4 -lux low -light rating. The 
camera comes equipped with a 1000 -mAh 
battery, a charger /AC adapter, an RF 
adapter /antenna switch, and an IR remote 
control. 

So how do the features that set the 
FVC -880 apart from the camcorder crowd 
stack up? Although we liked the horizontal 
design, there are a few improvements we'd 
like to suggest. First, we'd like to be able 
to reach the main power button with the 
right hand. We'd also prefer some of the 
other controls, perhaps the power zoom. to 
be controlled by the right hand. (Of 
course, left- handed users, who will find 
using the FVC -880 difficult enough, 
would probably not like that idea.) 

As for whether we like fuzzy logic, 
well, we can't give a straight "yes" or 
"no" answer -we'll have to say "may- 
be." While we thought it handled the auto 
exposure quite well, we were somewhat 
less impressed by its auto -focus operation. 
Even though the auto focus performed 
quite well in some situations, we found 
ourselves switching to manual operation 
more than we do when using other camcor- 
ders. We should remember, however, that 
this is the first time that fuzzy -logic tech- 
nology has been applied to a camcorder. 
We're looking forward to advances in the 
years to come. . 
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SEIKO INSTRUMENTS TR -170) JAPA- 
NESE -ENGLISH TRANSLATOR. Man- 
ufactured by: Seiko Instruments JSA, 
Inc., Consumer Products Division, 2990 
W. Lomita Blvd., Torrance, CA 9f505. 
Price: $8939. 

Perhaps it's cur natiorìalistic arrogance. 
Maybe its the short- sightedness of our 
school systems. Were not sure. But like 
most Americans, we don't speak any lan- 
guage other than our native tongue. OK, 
nous parlons Francais un petit rue. But 
only what we can remember from a couple 
of years' worth of high -school French 
classes. 

Since we're not so arrogant to assume 
that everyone knows sonic E-iglish, we're 
usually hesitant about leaving the safety of 
New York to go somewhere where they 
speak languages we don't understand. Re- 
cently, howeve -, we had the opportunity to 
visit Japan -a country about which we 
knew nothing, save for our familiarity with 
the output of their consumer- ele:tronics 
and automotive industries. Although we 
were somewhat apprehensive. we carried 
with us a little security: Seiko Instruments' ments' 
TR -1700 English- Japanese, Japanese -En- 
glish translator All we would have to Jo is 
type in what we wanted to say in English, 
and the translation would pop up imme- 
diately on the 16- character LCD, letting us 
communicate freely with people in Japan. 
At least that's the theory. In practice, 
things weren't always so simple -but 
we'll get to that. 

Since we life to travel light. v12 ere 
happy that the translator is only slightly 
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larger than a credh card, thouth thr_ker 
(about six cards thick). \. c knew :hat the 
"manual " -actually a Il) 14 -inch sicet 
o paper, printed on me side - -swukIii t 

t,ke up much space it our luggage Lillie. 
TheTR- 1700's from pa isl Ic runs; 3tï- 

k.2y membrane kevioard The ettrr 
re arranged alp,iahaticalls -s *I ich 

makes it IrustratinOy di-lìcult ro use for 
those of us who know how to types and 
the eight command keys form tl c Lot two 
columns of the 9 x 4 -key key hoa d. 

To turn the translator on. you he either 
the J -E or E -J key. The appropriate mode 
shows up on the disilrs. an .1 the tr, nslator 
is ready for your input. Al ier you type in 
the input, hitting the TRANI key brings up 
the appropriate translation For example. 
if you wanted to know how to say "Mani, 
you" in Japanese. you would hit E -J then_ 

type in "thank you" and hit T 2:'-Is': th, 
display would show "ari,vunou. ' 

if there is more than one appropriate 
translation, a comma appears after the firs= 

choice. For example, the translation- for 
"Thanks" first shows "arigarou," with 
the comma indicating that another crevice 
is available. Hitting the "TRANS "' key a 
second time brings up the word " karrsha" 
followed by a period to indicate flat it's the 
las: translation available. - 

Since we really don't like keyboards. 
that are alphabetically arranged, and since 
membrane keyboards are also cliff cult to 
use, we are happy that shortcuts are avail - 
ahle. For example, rathe,- than crafty the 
words "Thank you, ' we could criter 
"T-IA" and then enter one of he SRCI-I 
keys to search forward or backward alpha- 
betically through the e rds. " than, 
thank, thankless. thanks_ rlankr to" and 
finally, "thank you." The search Les also 
come in handy for these rI us who ,_an't 
spell too well. If a word isti' recc gaited, a 
suggestion will appear in the dispkw fol- 
lowed by a question mark. For ample, if 
you entered "THANC," the T :`N key 
would bring up "thank?' o the cisplay. 

Then you could either hit the translate key 
again. or use the search keys to scroll to 
the appropriate word. 

The translator is also a calculator. Hit- 
ting the CALC key changes the function of 
the alphabet keys to the numbers and func- 
tions shown in the upper -right corner of 
each key in a small gold -colored box. It's a 

standard 4- function calculator with mem- 
ory, and one added feature: currency con- 
version. Since we were not used to 
thinking in terms of the Japanese Yen. we 
found the conversion feature particularly 
convenient. 

While converting one currency to an- 
other was quite simple, converting from 
one language to another was quite another 
story. The first problem with the translator 
is that it converts words, not phrases. For 
example, if you want to find out how to say 
"How do I get to Tokyo ?" you would have 
to enter each word separately. And since 
many words have more than one transla- 
tion ( "how" has three) you can't he sure it 
you're picking the right one. To add to the 
problem, the word "do" in English can be 
used many different ways. The translator, 
which gives two Japanese equivalents, 
doesn't let you know what meaning it is 
translating. A third problem is that the two 
languages are quite different. Even if you 
translate all of the words correctly, you 
have no way of knowing what order they go 
in, or if they're the appropriate words to 
ask the question. You'd probably have bet- 
ter luck simply saying "Tokyo.'" and 
looking confused. 

There are, however, some multiple - 
word translations available. Sonic exam- 
ples are "Keep in mind," "make an 
effort," and "salve for itch." At least we 
didn't have to worry about getting poison 
ivy and not being able to find calamine 
lotion in Japan! 

Going from Japanese to English is even 
more difficult. People generally speak too 
fast for the translator to be useful, and of 
course, spelling presents another prob- 
lem. The TR- 1700's spelling system re- 
quires you to enter words using a phonetic 
system called Romanji. Each vowel sound 
is consistent. The "ee" sound is always 
represented by the letter "i" and so on. It 
sounds easy, but it isn't necessarily so. For 
example, we all know how to say goodbye 
in Japanese: sigh- oh- nar -ah. But in order 
to translate it, you'd have to spell it cor- 
rectly, or at least come close to .sayounara. 

Although we've been pointing out a lot 
of situations in which we had difficulty 
with the translator, we were impressed 
with it nonetheless. Its vocabulary of more 
than 12,000 words in each language rarely 
left us at a loss for words. And the ability 
to search through the vocabulary allowed 
us to learn new words while sitting on a 
bus or in the back of a taxi. However it 
wasn't suitable for translating on the fly, 
and we're glad we had a companion who 
spoke both languages fluently as we toured 
Japan. 



X MARKS THE SPOT 
(Continued from page l) 

that flashes when a target is detected or 
during battery tests, and three controls - 
power /volume, discrimination, and bat- 
tery test /sensitivity -that we'll discuss 
later. Eight "AA" batteries are housed in 

the rear of the control box and provide 
45 -75 hours of use; a NiCd battery pack 
with a 110-volt recharger and a 12 -volt re- 
charger is optional. The control box can be 
detached and worn clipped to a belt, re- 
moving the weight for added comfort dur- 
ing land or shallow water use. (Because of 
the possibility of wires becoming snared 
on underwater objects, Fisher recom- 
mends leaving the control box on the shaft 
when diving.) 

We didn't have to consider that recom- 
mendation. Unfortunately, the weather 
was less than cooperative, and the day that 
our metal detector arrived heralded the 
onset of cold weather. While that didn't 
keep us off the beach, it did discourage us 
from venturing more than knee -deep into 
the ocean with our Wader. 

Dressed for the cold (the headphones do 
keep one's ears warm!) -but with pants 
legs rolled up for wading -and armed with 
our metal detector, we walked slowly 
across the sand, moving the Wader back 
and forth in front of us. We looked a hit. 
well, strange. 

The Wader is a "motion- discriminate 
all -metal ground -balance" detector. 
"Ground balance" refers to the instru- 
ment's ability to balance out the effects of 
the minerals in the earth, "all- metal" 
means that it accepts all types of metal 
targets, and "discriminate" translates to 
the unit's ability to eliminate junk targets 
such as bottle caps and tin foil. "Motion" 
means that to activate the instrument's 
metal -detecting, ground -balance, and dis- 
crimination features the coil must be kept 
moving. The higher the front -panel dis- 
crimination knob is set, the less junk is 
detected. 

The other front -panel controls are used 
to adjust sensitivity and volume, test the 
batteries, and turn the power on and off. 
Sensitivity refers to the depth at which 
buried objects can be detected; in general, 
the higher the sensitivity, the deeper the 
machine can detect. Sensitivity decreases 
as the discrimination is increased. The bat- 
teries are tested using the same knob, 
clicked in and out of the "battery test" 
position. Fully charged batteries are indi- 
cated by a loud tone and a strong LED 
signal; weak ones generate a faint tone and 
dim light. The volume control lets you 
keep the beeps at a comfortable level of 
loudness while searching. We mistakenly 
kept turning it higher as minute after min- 
ute passed without our finding any trea- 
sure; the result was an ear -piercing beep at 
the first coin we located. 

Patience -not one of our virtues -is an 

important character trait for successful 
metal detecting. Not only can it save your 
eardrums, but searching is a slow, method- 
ical process, not a fast -paced adventure. 
According to the manual (which is a de- 
lightful surprise to anyone accustomed to 
the barely legible booklets included with 
most electronic devices), the best way to 
use the Wader is to walk slowly, swinging 
it in an arc with the coil parallel to the 
ground, and overlapping your sweeps by at 
least 50% to be sure not to miss anything. 
The manual is filled with pointers for "de- 
tectorists" of all levels -particularly help- 
ful for novices- including easy text 
explaining how to search for, pinpoint, and 
recover targeted objects and plenty of il- 
lustrations for added clarity (along with 
advice on how to be a responsible, law - 
abiding treasure hunter). 

On our first treasure -hunting expedi- 
tion, we kept the discrimination level low 
to get a feel for how the Wader responded 
to various objects. In the course of about 
an hour, we unearthed a hair clip, several 
bottle caps and flip tops, a few beer cans, a 

large nail, a cigarette box (the foil lining 
registered), and four quarters. As the man- 
ual indicated, there were different sounds 
for the various types of objects. The small- 
er pieces of junk produced weak or inter- 
mittent audible signals, and would have 
been ignored had we used the recom- 
mended level of discrimination. 

Experience is also an important plus in 
metal detecting, although the controls pro- 
vided by the Wader, and the instructions in 
its manual. give even the unexperienced 
detectorist an edge. With time, we've been 
told, one learns to determine by the 
strength of the signal whether an object is 
worth digging for, and becomes more 
adept at pinpointing the spot to excavate. 
In fact, by the end of our first "treasure 
hunt" we got pretty good at hearing the 
difference between junk and the good 
stuff. We still had problems in the water 
(besides numb toes), because the shifting 
sands and waves set off weak but frequent 
beeps- another situation where experi- 
ence is said to pay off. We won't find out 
for sure until next year, when the water 
starts to warm up. 

For our second beachcombing expedi- 
tion, however, Indian summer had turned 
into winter, with wind chills in the teens. 
It's almost impossible to be patient in 
those conditions, and our find proved it- 
one 1974 Lincoln penny. 

So, we didn't strike it rich. (At the rate 
we're going it will take quite a few more 
trips before we make back the price of the 
Wader.) But those expeditions will be 
pleasurable. Carrying the Wader doesn't 
detract from a walk on the beach -it's very 
lightweight, and you can still hear the 
sound of the surf while wearing the head- 
phones. And, in the back of our minds lies 
the possibility of a big find, which can be 
almost as much fun as the discovery itself. 
In fact, we might be hooked. 

NUMBER PLEASE? 
(Continued from page 2) 

keys displays future or past months. The 
final function key, labeled "morning re- 
view," recalls and scrolls through the in- 
formation you've stored in the "letters to 
write," "call sheet," and "reminder 
notes" categories. In addition, the EC -340 
provides basic calculator and currency - 
conversion functions on -screen instruc- 
tions, and a "privacy" option to safeguard 
confidential information. 

The EC -339 handheld unit provides all 
of the same features. except the Rolodex 
knobs for scrolling, in a compact package. 
Measuring just 21/2 x 4' x 5/s -inch when 
folded. the EC -339 fits easily into a purse 
or pocket. It's encased in metal- heavier 
than a typical, inexpensive pocket cal- 
culator, and able stand up to some abuse in 
overcrowded briefcases. 

Typing in the data is fairly easy on the 
desk -top EC -340. Pressing the "enter" 
key brings up a menu that prompts you to 
press one of the function categories. Press- 
ing "business -card file" calls up a screen 
with prompts that show you exactly where 
you're supposed to type in last name 
(first), first name (second), company 
name, phone, fax, address, city, state, and 
zip code. After that, you have an "un- 
limited" amount of space in which to type 
extra information -home phone number, 
birthday, other names at that company, or 
any other information you deem impor- 
tant. With most of the memory in each of 
the Rolodexes (60K) allocated to the busi- 
ness card file, you have plenty of space. 
While the keys are a bit small and closely 
spaced, their typewriter -style setup sim- 
plifies the process. Typing on the tiny 
EC -339 keyboard is a bit trying, but not 
impossible. The manual provides quite 
clear instructions; the on- screen instruc- 
tions are a bit more confusing, but come in 
handy for refreshing your memory about 
how a specific feature is used. 

Once you have some names and num- 
bers listed in the business -card file, it's 
equally easy to access the infornation. By 
typing the first few letters in the name of 
the person or company that you need, the 
instrument will find the name for you, Or 
you can use the roller to scroll alpha- 
betically through each of the entries, for- 
ward or backward. 

What we liked best about the Radio 
Shack Rolodexes was that once we'd input 
the information from a stack of recently 
acquired business cards to the EC -340, it 
took just seconds to transmit that data to 
the EC -339 (or vice- versa, although we 
highly recommend inputting on the larger 
keyboard!). Almost before you know it, 
the last record sent is displayed on the 
screen, indicating that the transfer is com- 
plete. it's also possible to transfer one 
business -card record at a time. The trans- 
fer capability allows even disorganized 
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people to keep two or more phone directo- 
ries up to date -or at least at the same 
stage of almost up to date. 

The calendar, calculator, and various re- 
minder files are helpful features, and the 
currency converter is particularly conve- 
nient on the portable EC -339. Of course, 
being lazy as well as disorganized, we 
would have liked to be able to transfer 
information from the other categories as 
well -particularly the morning review. 

While we're on the negatives, we might 
as well point out that the screen, though 
large, can be difficult to read. A contrast 
control would help, as would the ability to 
tilt the screen to avoid conflict with am- 
bient lighting. We had a couple of other 
minor complaints. The security code -a 
feature we appreciate because we store our 
long- distance carrier's calling card 
number on our EC- 339 -must be reacti- 
vated before you turn the unit off to be in 
effect the next time you use the directory. 
However, there is no way to manually turn 
the unit off -it shuts itself off automat- 
ically when 31/2 minutes have passed with- 
out a key being pressed- making it easy to 
forget to reactivate the security mode. 
When an entry is changed on one unit, and 
transferred to the other, it doesn't over- 
write the old entry. Instead, a new entry is 
created, and you must remember to erase 
the original one. Of course, the most im- 
portant potential source of trouble is that, 
if you don't remember to type in informa- 
tion, it won't be there when you need it. 

Those drawbacks didn't detract from the 
convenience of finally having the numbers 
we need at our fingertips whether we're at 
home, in the office, or on the road. And 
while they cost the equivalent of quite a 
few phone calls to 411, the EC -340 and 
EC -339 do more than provide the right 
numbers -they also offer the satisfaction 
of having gadgets to show for our dollars, 
instead of higher phone bills. 

PICTURE PERFECT 
(Continued from page 3) 

tographs. The idea is that choosing the 
correct one of those nine modes virtually 
ensures a high -quality photograph. 

The four PIC modes give you the ability 
to get some artistic effects without a lot of 
thought. In Portrait mode, the camera au- 
tomatically sets itself for a shallow depth 
of field to eliminate distracting fore- 
grounds and backgrounds. For example, if 
you focus on a subject's face, the back- 
ground and foreground will be blurred, 
and won't distract from the subject. The 
Landscape mode does the opposite, auto- 
matically setting the exposure for max- 
imum depth of field. The Close -up mode 
tries to make macro photography easier by 
also automatically setting the exposure to 
ensure the largest possible area of accept- 
able focus. In Sports mode, the rebel al- 
ways maintains the fastest shutter speeds 

50 Page 8 /GIZMO 

to keep up with fast- moving action, and 
the camera is put into its continuous -wind 
mode. In addition, the camera offers an 
"Al servo AF" mode that continually 
keeps moving subjects in focus. 

The first auto -exposure, or AE, mode is 
called Green Zone AE. For someone who 
doesn't want to think about any camera 
settings, it's the ideal place to start. The 
Rebel automatically selects the best com- 
bination of shutter speed and aperture val- 
ue for the existing light conditions -and 
even for the lens you're working with. If 
the shutter speed is slow enough to make it 
difficult to hold the camera steady, a small 
lightning bolt -like icon will blink in the 
viewfinder to prompt you to use a flash. 
We found the Green Zone an excellent way 
to get familiar with the camera, and the 
results were, without exception, good pic- 
tures. 

In the Shutter -Priority AE mode, you 
must select the shutter speed you wish to 
use. if you want to freeze fast -moving ac- 
tion, for example, you would select a fast 
shutter speed. The camera will automat- 
ically select the aperture you need for cor- 
rect exposure. If you select a shutter speed 
that will cause the picture to be underex- 
posed or overexposed, the aperture setting 
will start blinking in both the viewfinder's 
LED and in the LCD panel on top of the 
camera to prompt you to set a different 
shutter speed. 

In the Aperture -Priority AE mode, you 
select the aperture you want to use so you 
can control the depth of field. The camera 
will automatically pick the shutter speed 
for correct exposure. All exposure infor- 
mation is displayed in the viewfinder and 
the LCD panel, and the shutter speed will 
blink to show an under - or overexposed 
condition. 

An Intelligent Program AE mode gives 
some creative control to the photographer 
while maintaining virtually all- automatic 
operation. If the selected shutter /aperture 
combination doesn't suit your needs, it 
can be easily adjusted with the Electronic 
Input Dial, a small wheel behind the shut- 
ter button. Turning the wheel in one direc- 
tion opens the lens and speeds up the 
shutter, while turning it in the other direc- 
tion does the opposite. It is impossible to 
adjust the exposure incorrectly. This mode 
cannot be used with a flash. 

A Depth -of -Field auto -exposure mode 
lets you choose a point in the foreground 
and a point in the background to be the 
limits of your depth of field. Everything 
outside those set points will be out of sharp 
focus. Let's say, for example, you want a 
picture of a sports fan in a crowded sta- 
dium. You could eliminate the distraction 
created by fans in front of and behind your 
subject with a narrow depth of field. The 
process requires three steps once the cam- 
era is set to the proper mode. First, you 
place the focus mark in the center of the 
viewfinder) on the first point and press the 
shutter button halfway, and repeat for the 

second point. When the points are set, you 
simply recompose the picture, check the 
exposure settings, and shoot. 

In the past, we stayed away from AF /AE 
cameras because we wanted full control 
over our photographs. We found that Can- 
on's EOS Rebel gave us full control, while 
letting us take some of the more artistic 
shots -and in less time than we normally 
would require. Interestingly, even though 
completely manual operation is possible, 
we hardly used it. The various automatic 
modes were too much fun. We also appre- 
ciated the Rebel's light weight -it's the 
lightest 35 -mm AF SLR camera on the 
market -and the surprisingly small size of 
the motorized 35 -80 and 80 -200 zoom 
lenses. And we liked how the camera 
would emit a small beep when the image 
was in focus -even in the manual -focus 
mode. Most important, however, was the 
consistently high quality of the pictures we 
took under a wide range of conditions. 

MOUSE WITHOUT A TALE 
(Continued from page 4) 

sensitivity any other way. A fourth button, 
on the left side of the mouse, activates the 
variable tracking. If you move the mouse 
slowly with the side button depressed, the 
cursor will move across the screen in small 
steps. But if you move the mouse quickly 
with the side button depressed, the cursor 
will move in much larger steps. The fourth 
button also serves as a "wake -up call" for 
Lester, who, rather thoughtfully, turns 
himself off after about IO minutes to con- 
serve battery power. 

Lester comes equipped with a utility 
program to test the mouse. A menu -maker 
program lets you create mouse- activated 
menus for software that doesn't normally 
allow for mouse control. 

The review package we received also 
included a few extra goodies: a mouse pad, 
a mouse pocket, and a color paint pro- 
gram. At first, we wondered why anyone 
would want to use a mouse pad. After all, 
one of the advantages of a cordless mouse 
is that you don't have to worry about its 
placement: a mouse pad seemed at first to 
defeat the purpose. However, after using 
Lester for a while on our Formica- topped 
desk, we found that the mouse didn't al- 
ways track accurately. It seems that a little 
dust or dirt would cause the roller ball to 
slide instead of roll. The foam mouse pad 
eliminated that problem. The mouse 
pocket, a small plastic holder with a dou- 
ble -stick foam pad, sat unused in the box. 
We're not that neat. The paint program, 
called Visualizer, is a good introductory 
graphics -generating program, but it's cer- 
tainly no match for a program such as PC 
Paintbrush. 

We're not sure whether it's Microsoft 
Windows 3.0 or Lester, but we're begin- 
ning to like using a mouse. Maybe Apple 
had the right idea all along. 
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ELECTRONICS WISH LIST 

Yuppie Headphones 

If you need to buy a gift for a "mobile executive," for whom open -foam 
headphones just won't provide the right image, Philips Consumer Electronics 
(One Philips Drive, P.O. Box 14810, Knoxville, TN 37914 -1810) would suggest 
their model SBC3172A01 portable (foldable) headphones. They're designed spe- 
cifically for use with CD players, CD- Video, and DAT decks and provide a 

frequency -response range of 10- 28,000 Hz. The headphones have a black -an- 
thracite metal finish with silver graphics, a leather -coated adjustable headband, 
and cushioned earpads. The semi -open -back acoustic system lets in some ambient 
sound. The SBC3172A01 folds into a sturdy carrying case for protection while 
traveling. Price: $54.95. 
CIRCLE 56 ON FREE INFORMATION CARD 

Portable Calculator 
To keep your numbers tallied at home, work, school, or in transit, Canon 

U.S.A., inc.s (One Canon Plaza, Lake Success, NY 11042) BS -121 portable 
calculator runs on either batteries or solar power. The 12 -digit LCD readout 
adjusts for easy viewing, and the calculator has a retractable stand. Time -saving 
functions include pre -selection of decimal points, a double -zero key, a delta 
percent key to simplify profit calculations (mark up /mark down), and the ability to 
store cumulative results in memory. Price: $29.95. 
CIRCLE 57 ON FREE INFORMATION CARD 

Two -Line Phone /Clock Radio 

Those whose working days seem to last 24 hours will be able to juggle phone 
calls after turning in for the night with Soundesign's (Harborside Financial Center, 
400 Plaza Two, Jersey City, NJ 07311) model 7474 clock- radio /telephone with 
two -line capability. "Business-like" functions include conference calling, hold, a 

14- number programmable memory, separate ringers for each line, on -hook dial- 
ing. and automatic radio mute. The time is displayed on a bright -red LED readout. 
The phone's keypad and function buttons are positioned on the back of the 
handset, away from the tuning, volume, and selector controls for the AM /FM 
clock radio. Price: $89.99. 
CIRCLE 58 ON FREE INFORMATION CARD 

Programmable Scanner 

One member of Uniden America Corporation's (4700 Amon Carter Blvd.. Ft. 
Worth, TX 76155) line of base scanners is the 16- channel BC 177XL. The fully 
programmable scanner receives 11 bands, including aeronautical, and offers such 
features as WX search, priority, programmable band search, lock out, and 
selectable scan speed. Other features include an LCD frequency readout, memory 
backup, and track tuning. Price: $229.95. 
CIRCLE 59 ON FREE INFORMATION CARD 

Philips Executive Headphone 

Canon Portable Calculator 

Soundesign TwoLine Phone /Clock Radio 

Uniden Bearcat Scanner 
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Sharp Word Processor 

Cobra Timekeeper Answering Machine 

Blaupunkt Car Stereo With CD Changer Controller 

Hal Wrestling Game Boy Cartridge 
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For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

Personal Word Processor 
Some people just can't justify the expense of a PC. even though their type- 

writers no longer meet their writing needs. With 50K of user memory, the PA- 
W1410 word processor from Sharp Electronics Corporation (Sharp Plaza. Mah- 
wah, NJ 07430 -2135) tills the gap. The word processor has an 80- character x 16- 
line, backlit, high -definition LCD readout and an MS- DOS -compatible 31/2-inch 
floppy -disk drive with 720K storage capacity so you can take text files home from 
work or create files at home. A dictionary/thesaurus is built in, as are software 
programs for editing, mail merge, file formats, "desktop- publishing" page and 
line formatting, and basic (indent, centering, tab, etc.) typing functions. Disk - 
drive managament software is also built in. The word processor also features 
proportional spacing, two -line correction memory, three pitches, and a keyboard 
cover. Price: $799.99. 

CIRCLE 60 ON FREE INFORMATION CARD 

Phone- Answering Machine 
We like to know not just who calls us when we're out, but when they call. But 

even people who have gotten used to talking to answering machines often neglect 
to include the time and date in their messages unless specifically prompted to by 
the outgoing message. Someone in Cobra Electronics Group's design department 
must have had the same gripe, and came up with the Timekeeper AN -8537 to deal 
with it. The beeperless answering system includes time /day voice identification, 
along with a voice -prompt system that provides digitally syntehsized spoken 
messages to help the user during answer mode, playback, and remote use. The 
Timekeeper also has a digital call counter, extension -phone control, and a micro - 
cassette- tape system with switchable musical or beep tones after the outgoing 
announcement. Price: $109.95 

CIRCLE 61 ON FREE INFORMATION CARD 

A Little Bit of Country 
Even if your tastes run more toward Mozart than the Oak Ridge Boys. the 

Nashville CM 40 FM /AM cassette receiver with CD changer controller from 
Blaupunkt (Mobile Communications Division, 2800 South 25th Avenue, Broad- 
view, IL 60153) should meet your car stereo needs -particularly if your car has a 
"three -hole dashboard." The Nashville is designed to simplify the addition of a 

CD changer system in a three -hole dash. (It is compatible with Blaupunkt's CDC 
01 changer.) The CD- remote features make it easy to switch from disk to disk and 
track to track, and to activate track -mix, cue, pause, play, review, and scan 
functions. The radio, which can be played while rewinding or fast forwarding 
tapes on the auto -reverse cassette player, has 18 FM, six AM, and six 
"TravelStore" presets. A built -in amplifier can drive two or four external speak- 
ers. Security Code Protection disables the radio until the secret four -digit code is 
entered; a flashing red LED on the front panel lets would -be thieves know that the 
system is armed. Price: $399.95. 

CIRCLE 62 ON FREE INFORMATION CARD 

Game Boy Wrestling 
Many parents we know don't care to have their kids spending hours playing 

video games, or glued to the TV screen watching professional wrestling. Now the 
kids can drive their parents to new heights of despair by doing both at once, with 
Hal Wrestling for the Nintendo Game Boy. Hal America Inc. (7873 S.W. Cirrus 
Drive, 25 -F, Beaverton, OR 97005) promises that players can experience the 
"thrills, spills, pins. and holds" of big -time wrestling for themselves. The game 
can be programmed for one -on -one or four -man team wrestling with a field of 
athletes that includes "King Sampson," "The Big Crusher," and "The Death 
Monster." Players can pit themselves (or their four -man team) against the comput- 
er (or its four -man team), or against another player. Price: $28.95. 

CIRCLE 63 ON FREE INFORMATION CARD 
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ELECTRONICS WISH LIST 

Audio Shelf System 

Sansui USA Inc. (P.O. Box 625, Lyndhurst, NJ 07071) claims that the "Robot" 
CD- changer in its MC -3000 audio system is the world's smallest. The five -disc 
Robot has dual digital -to- analog converters, 4 x oversampling, 16 -track random 
programming, and four -way repeat play. Rather than using a cartridge or a 

carousel mechanism to change discs, a robot -like arm lifts the top disc from the 
storage well and moves it to a second well for play, and then to a third well when 
play is complete. The MC- 3000's mini components -20- watts- per -channel AM/ 
FM stereo receiver, dual auto -reverse cassette deck with Dolby B and C noise 
reduction, and two -way speakers -can be set up vertically or horizontally to fit on 
a shelf or tabletop. The audio system comes with a remote control. The receiver 
has five preset equalizer settings (flat, rock, jazz, classic, and cineria), and 
provides inputs for VCR sound and "mic mixing" with a separate level control for 
adding live sound. Price: $849.95. 
CIRCLE 64 ON FREE INFORMATION CARD 

Phone /Fax Switcher 
To keep your wires from getting crossed, DI International, Inc. (95 East Main 

Street, Huntington, NY 11743) suggests using their model CE -PF01 FonFax 
Switch, which automatically directs incoming calls to your telephone or fax 

machine. Outgoing calls are not affected, and, on incoming calls, the caller is 

spared from hearing the high- pitched fax signal. Built -in "barge -in protection" 
eliminates the possibility of a phone call interrupting fax operation or vice versa. 
The CE -PF01 can be used with an answering machine and a front -panel control 
can be used to manually switch calls from phone to fax or fax to phone. If the 
power goes out, the unit automatically switches to telephone mode. Price: 
$179.95. 
CIRCLE 65 ON FREE INFORMATION CARD 

Computerized Bridge 
You no longer need three friends for a serious game of bridge. A computerized 

bridge game from Saitek Industries Ltd. (2291 West 205th Street, Suite 101, 

Torrance, CA 90501), dubbed Pro Bridge 500 has advanced levels for serious club 
players and a built -in "coaching" feature for beginners and those looking to 
improve their game. It gives hints, suggests which cards to play, and allows the 
player to take back a bid or a card. Both rubber and duplicate bridge can be played 
in the player's choice of five major bidding systems with 11 bidding conventions. 
The 128K program allows the Pro Bridge 500 to act as a partner or an opponent 
with other players, or to play against itself in "autoplay" mode. The laptop -style 
game measures 9 x 9 x 1' inches when folded shut for easy portability. Price: 
$399. 
CIRCLE 66 ON FREE INFORMATION CARD 

Integra Auto -Reverse Cassette Deck 

Onb_v''s (200 Williams Drive, Ramsey, NJ 07446) TA -R500 is the first auto - 
reverse cassette deck in their "Integra" line. It features a three -motor drive system 
with dual flywheels for stable tape transport, an isolated transformer to eliminate 
hum, a silent tape- transport system, and Onkyo's proprietary "Accubias" system 
that lets the user fine -tune the recording bias. The TA -R500 is compatible with 
Onkyo's "Remote Interactive" and, when connected to one of the company's 
receivers, becomes part of their room -to -room remote system, which allows 
remote operation of the tape deck from other rooms. Price: $450. 
CIRCLE 67 ON FREE INFORMATION CARD 

Sansui Audio Shelf System 

D1 International FonFax Switcher 

Saitek 

Onkyo Integra Auto- Reverse Cassette Deck 
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M&K MX-2000 Subwoofer 

Lee Marketing Alarm Light 

Zenion Screen ELF 
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For more information on any 
product in this section, circle 
the appropriate number on 
the Free Information Card. 

A/V Re- Broadcast System 
It's not a good idea to leave the kids playing unsupervised in the yara, or even 

napping indoors while you work in the garden. Now you can keep an eye on the 
kids remotely, using the POW -R -MAX Video Commander from Midland Consum- 
er Products (1690 North Topping, Kansas City, MO 64120) and a video camera. 
The system includes a small transmitter, into which the video source is plugged, 
and one (or more) receiver, which is plugged into a TV. The Video Commander 
can also be used to rebroadcast signals from a VCR, satellite system, camcorder, 
monitor camera, or computer to one (or more) remote TV locations within a 100 - 
foot range. Filters reduce interference in metropolitan areas, and the transmission 
system delivers clear sound and pictures without the need for fine -tuning by the 
user. Price: Not available. 

CIRCLE 68 ON FREE INFORMATION CARD 

Super Subwoofer 
M &K Sound Corporation (10391 Jefferson Blvd., Culver City, CA 90232) has 

introduced a subwoofer for people who are really into bass. The MX -2000 features 
a 300 -watt RMS power amplifier, dual 12 -inch high -performance subwoofer 
drivers, and an innovative harmonic -distortion -reduction technique that uses a 
"push- pull" driver configuration. That configuration -in which one driver is 
mounted conventionally and the other is inverted, so that each cone is always in 
the exact opposite position in its travel relative to the other -is also said to increase 
efficiency and reduce cabinet vibration and the resultant sonic coloration. The 
MX -3000 has a 36 -dB /octave low -pass filter above 125 Hz, and the upper rolloff 
point can be set anywhere between 50 and 125 Hz. (A high -pass filter is available 
separately.) Price: $1695. 

CIRCLE 69 ON FREE INFORMATION CARD 

Alarm Light 
Walking and jogging might be good for your health, but doing so alone at night 

can be dangerous. To provide some peace of mind for people who find themselves 
frequently running into scary situations, Lee Marketing Company (210 Easy 
Street, Suite 17, Mountain View, CA 94043) has come up with the Alarm Light. 
The pocket -size device does double duty as a flashlight and an alarm. When the 
carrying strap is disconnected from the device, the alarm is activated. Price: 
$9.99. 

CIRCLE 70 ON FREE INFORMATION CARD 

Monitor -Radiation Neutralizer 
Medical studies have indicated an array of harmful effects caused by spending 

hours in front of video terminals. Zenion Industries Inc. (5430 Commerce Blvd., 
Rohnert Park, CA 94928) has introduced the Screen ELF (Electronic Limiter of 
Field Radiation), a silent device that generates a continuous flow of negative ions 
(anions) across a CRT screen to offest the potentially dangerous positive ions 
(cations) created by the high voltage required to illuminate the screen." The unit 
creates a "wall" of anion -enriched air that neutralizes the cations in the air around 
the screen and continously replenishes the air within a six -foot area. According to 
Zenion, the ELF "can reduce headaches and other symptoms within hours of 
installation." Needless to say, those symptoms don't include eyestrain (the cause 
of most VDT -induced headaches) or the effects of electromagnetic readiation 
emanating from the VDT. Price: $99.95. 

CIRCLE 71 ON FREE INFORMATION CARD 



Let's face it: the more test instru- 

ments you have on your work- 
bench, the quicker (in general) 

each job will get done. You may not 
need every instrument for every job, but 
you'll always find yourself in need of that 
one thing you don't have. And, while 
special- purpose instruments are often 
the only thing that can be used for a 
particular job, general- purpose instru- 

ments can come in handy for a wide 
variety of tasks. That's why we've de- 
veloped the x 4 Logic Probe, a 4-chan - 
-nel logic indicator. 

The x 4 Logic Probe is built around 
four dual -color LED's, each of which 
can indicate one of four conditions: 
high, low, pulsing, or high impedance 
(or unconnected). The way in which 
they do that is simple. To begin with, 
each LED case actually contains Iwo 
LED's: a red one and a green one. They 

are biased opposite each other, so the 
LED appears green when current flows 
in one direction, and red in the other. 
And the unusual thing is that when you 
apply an AC signal or square wave, an 
orange -like color is generated.. to be 
somewhat more accurate, it looks like a 
half -ripe tomato. The amount of red or 
green depends on the duty cycle of 
the signal. 

So there we have our four conditions. 

A ripe tomato (red) can be a high, a 
green one can be a low, a half -ripe 
(orange -like) indicates a changing sig- 

nal, and, of course, an unlit one indi- 
cates no connection. The only dif- 
ference between the prototype and 
the version presented here is that in the 
prototype red was used to indicate a 
low (and green for a high). That's be- 
cause the original plans for the unit in- 

volved monitoring certain points in a 
circuit for a low, and red is easier to see. 
But you can set up yours however you 
like. 

Another detail on the prototype are 
the four probe tips, which are designed 
to monitor four IC pins at once. We'll 
discuss the details concerning the pro- 
be tips in a little while, but keep in mind 
that you can use whatever you like, 

such as micro clips, alligator clips, a DIP 

clip, bare wires, etc. Also remember 
that, while the prototype contains four 
LED's, the circuit is easily expandable so 

you can build a unit with as many as you 
like. 

TTL vs. CMOS. Before we discuss the 
design of the circuit, a little exploration 
into TTL and CMOS logic levels is in 

order. It'll help explain how the x 4 Log- 
ic Probe deals with both types of de- 
vices. 

Build the 

X4 
Logic 
Probe 

Our hand -held four - 
channel probe can indicate 

whether each of four test 

points is high, low, 

toggling, or open! 

BY MARC SPIWAK AND JOHN YACONO 

As you may know, TTL chips typically 
operate with 5 -volt supplies, and their 
logic -level voltages are rigidly defined 
(0 to 0.8 volts is a low and 2 to 5 volts is a 
high). CMOS circuits, on the other hand, 
can be run at various voltages, so their 
logic levels are determined by per- 
centages of the supply voltage (0 to 
30% is a low and 70 to '100% is a high). 

When we set out to design the probe 
we wanted it to be able to test both 
families of logic (and "tri -state CMOS," 
which we'll discuss later), as well as volt- 
ages not associated with IC's. To test 
CMOS circuits, the probe would have to 
be connected to the power supply for 
the D.U.T (device under test) so it can 
determine what voltages are valid 
highs and lows; as you'll see, it does that 
with a voltage- divider network that pro- 
vides voltages at 30 and 70 %. That 
being true, the probe might as well be 
powered from the supply for the D.U.T., 

and as long as the probe contains all 
CMOS chips (as it must to test CMOS 
devices) that's fine. 

However, a problem arises when we 
want to test TTL logic. The probe's CMOS 
gates will operate fine at the 5 volts 

from the D.U.T.'s power supply but, if they 
were set up only for CMOS, they would 
assume that valid lows range from 0 to 
1.5 volts (30% of 5 volts) and valid highs 
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Fig. I. The x4 Logic Probe is based on 
this strangely symmetric circuit. In the 
actual circuit, LEDI and LED2 are 
replaced by a single dual -color LED. 

run from 3.5 (70% of 5 volts) to 5 volts. If 

the probe was allowed to operate that 
way, a lazy pin on a chip one not go- 
ing low enough -might not be de- 
tected. Also, acceptable logic highs 
between 2 and 3.5 volts could not be 
detected, leading you to suspect that a 
good chip is bad. 

One obvious, but very inelegant, so- 
lution is to reduce the 5 -volt supply to a 

TO 

D.U.T. 

V+ 

V+ 
o 

R2 

11K # TTL -0 
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R3 
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GND 

R1 

33K 
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i 

R5 

16K 

TTL r S1-b 
0410 

CMOS 

R4 

12K 

value such that 2 volts is a high (70 %) 
and 0.8 is a low (30 %). That can actually 
be done by operating the probe at 3 
volts, but its ground must be 0.1 volts 
lower than that of the D.U.T. To produce 
such an offset would require the use of 
a negative or switching power supply, 
programmable regulators, a two -pole 
three -throw switch, and a menagerie 
of support components. As you'll see, 
our design went a different route. 

Under the Hood. The best way to go 
was to use gates that could be "pro- 
grammed" to go high or low at specific 
voltage levels. A voltage comparator is 

the perfect gate for such operation. For 
the less familiar, a comparator output is 

high when its non -inverting input is at a 
higher potential than its inverting input. 
It's low when the reverse is true. 

Take a look at the circuit in Fig. 1. The 
non -inverting input ( +) of U1 is tied to 

V+ 

PROBE 1 o 

7 
R6 

2MEG 6 

VN 

l NV* 
R10 

1.2MEG ,4 

PROBE 2 0 

111 
R7 

2MEG 10 
Wh 

Wh 
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V+ 

PROBE 3 0 

R8 

2MEG 

V+ 

the lowest acceptable voltage repre- 
senting a high. The inverting input ( -) 
of U2 is tied to the highest voltage that 
can represent a low. Their remaining 
inputs are tied together to receive the 
input logic. If the input level is higher 
than the voltage at the non -inverting 
input of U1, U1's output goes low; re- 
member, if the inverting input is higher 
than the non -inverting input, a com- 
parator's output goes low. 

Simultaneously, U2's output is idle at a 
high output. That means current will 
flow through R2 and light LED2, which is 

now forward biased. If the input signal is 

lower than the voltage at the inverting 
input of U2, U2 goes low and UI is high. 
That lights LEDI. If the voltage at the 
input is in the intermediate range 
(which can be achieved with a little 
extra circuitry that overcomes the inter- 
nal biasing of the comparators) both 
LED's will be off. 

+ 
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Fig. 2. The resistor networks (R1 /R2 and R3 /R4, respectively) to the left program the 
comparators with the proper voltage levels. 

W 



Now if LEDI and LED2 are replaced 
by dual -colored LED's, and the circuit is 

multiplied by four, we come up with the 
circuit you see in Fig. 2. 

Resistors R1 -R4 "program" the com- 
parators for the right high and low volt- 
age levels. Switch S1 allows the user to 
select a resistor network that sets either 
TTL- or CMOS -compatible voltage lev- 

els. Resistors R6-R13 bias the probe in- 

puts to prevent the probe from 
indicating a high for open circuits. 
When a probe tip is on an open IC pin, 
the corresponding LED will be off. 

That's an important feature for three 
reasons: it allows you to detect failing 
pins or chips without power, it can keep 
you from incorrectly suspecting a chip 
because you misalligned the probe, 
and it will allow you to test tri -state chips. 
Tri -state chips have three logic levels 

(states): high, low, and high imped- 
ance. When testing such IC's, an off LED 

tells you its corresponding pin is in a 
high -impedance state. What all that 
means is that a single dual -colored LED 

will tell you if a pin is high, low alternat- 
ing, or even high- impedance /malfunc- 
tioning. 

One thing should be mentioned 
about the alternating indication: Many 
computer circuits send out pulses that 
are too brief to light an LED or too brief 
for you to see them. Such test points 
may appear continuously high or low 
because of their lopsided duty cycle. It 

is assumed that the probe will not be 
used on such overwhelmingly fast cir- 

PARTS LIST FOR THE .4 
LOGIC PROBE 

SEMICONDUCTORS 
U I , U2-LM239 (or LM339, see txt), 

integrated circuit 
LEDI LED4 -Dual- colored LED 

RESISTORS 
(All resistors are '/a -watt, 5% units 
unless otherwise specified.) 
R1-33,000-ohm 
R2, R3-11,000-ohm 
R4- 12,000 -ohm 
R5-16,000-ohm 
R6 R9- 2- megohm 
R 10R 13 -1.2- megohm 
RI4 R21- 330 -ohm, 16 -pin, DIP 

resistor network (Digi -key 761- I -R330 
or similar), see text 

ADDITIONAL PARTS AND MATERIAL 
Cl C3-- -0.l -µh; polyester capacitor 
SI -DPDT toggle switch 
Micro -clips, 4- conductor wire, 

perfboard, IC sockets, wire -wrap 
wire, solder, hardware, etc. 

cuits without other test equipment to 
check for such possibilities. 

However, for "hobbyist- speed" cir- 
cuits, the probe shines in this capacity. It 
will emit the half -ripe tomato color for 
duty cycles close to 50 %. Its easy to see 
alterations in current for duty cycles 
from 30 to 70% even at respectable 
frequencies, although the color varies. 

During the initial testing of the dual - 
color LED's, it was a lot of fun adjusting 
the duty cycle of an input signal to 
modulate the LED's color from red to 
orange to yellow to green. 

By the way, if you want to add more 
LED's to the project, ifs a simple matter 
of adding another LM239 for every Iwo 
LED's added (two comparators from 
each quad IC are needed for each 
LED). Just connect the non -inverting 
and inverting inputs of the additional 
comparators to points A and B in Fig. 2 

(non- inverting to A and inverting to B). 

It's also possible to bùild the unit with 
only two LED's and one LM239, but 
when four LED's can be incorporated 
into such a small package, it doesn't 
make much sense not to take full ad- 
vantage of the circuit. 

By the way, if LM239's are hard to 
come by, LM339's are a good substitute. 
Our first prototype unit used LM339's, 

which were replaced with LM239's be- 
cause of their current -handling ca- 
pability. If you consider that overkill, 
LM339's will work fine. Also, the resistor 

network, R14 -R21, can be replaced by 
discrete 330 -ohm, 1/4 -watt, 5% units if 

desired. 

Construction. The x 4 Logic Probe 
was built on a small piece of perfboard 
using wire -wrap techniques. Once the 
size of the cabinet was chosen, the 
components were first test -fitted on the 
board before any assembly began. 
Keep in mind the location of S1 when 
laying out your own unit to provide it 

with some clearance. 
The only thing that complicated the 

otherwise simple job of wire -wrapping 
the circuit was the compactness we 
desired. That meant working in close 
quarters. If you don't need the unit to be 
as small as the prototype, or if you are 
using more than four LED's, use a bigger 
piece of perfboard and a larger cab- 
inet to make your job easier. You might 
want to make a table -top version with a 
long cable for the "business end." 

A piece of four -conductor wire was 
used to connect the unit to the special 
four -tip probe. The probe was as- 
sembled from scraps of perfboard and 

four probe -tips from a wire -wrap IC 

socket (see photos). Each pin slides 

through holes in two pieces of pert - 
board glued to a third piece. The wire 
from the cable keeps the pin from slid- 

ing out of the end, and a rubber block 
gives each pin a certain amount of 
give to ensure a secure seating on the 
test IC's pins. 

If you like, you can avoid the probe 
entirely and put micro clips on the ends 

Here is the probe tip, which was designed 
to make it quick and easy to check up to 

four IC pins at once. 

of the test leads. That way, the unit might 
be a little more versatile. Micro clips 
were used for the power leads, but use 

anything that suits your needs. 

Set -Up and Use. The probe needs 
only to be connected to the power sup- 
ply of the D.U.T., and used like any other 
logic probe. However, some general 
testing rules are in order at this point. 

When testing a suspect IC, if the V+ 
pin is high -impedance or low and gate 
outputs are low, the IC is not getting 
power. A foil trace, solder joint, or IC 

socket are likely suspects. If the ground 
pin is high impedance or high, the de- 
vice has no ground, so again check the 
foil trace, solder joint, or IC socket. If the 
V+ pin is high, but all the chip's output 
pins are low, the gates are lacking inter- 
nal power and the chip is probably 
shot. If all the outputs are high, but the 
ground is low, the gates aren't getting 
ground, and again the chip is shot. 

Because the probe has four indica- 
tors, it is ideally suited to testing 2- and 3- 

input gates. You can monitor a gate's 
inputs and the resulting output simulta- 
neously to make sure it's functioning 
properly. Because of features like that, 
you can expect a decrease in the time 
you spend testing IC's. 
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Cellular telephones, once consid- 
ered the exclusive tools of busy 
salesmen and fast -paced ex- 

ecutives, are becoming almost as com- 
monplace as conventional tele- 
phones. That's because they are not all 
"car- bound" devices as many people 
think. Transportable phones (which can 
be removed from an automobile much 
like a cordless phone) have opened up 
an entirely new world of opportunity for 
people who must communicate di- 
rectly from work sites such as inspectors, 
craftsmen, architects, and reporters. In- 
stant communication also comes in 
handy for families that must keep in 
touch. With constant improvement and 
expansion of the cellular network, as 
well as the falling costs of cellular 
phones, it may not be long before we 
all "go mobile," 

This article will describe some of the 
basic theories and operations of cel- 
lular telephones and the cellular net- 
work. It will also mention a variety of 
costs that are incurred with cellular 
phones and discuss the typical prob- 
lems that can be encountered, 

The Cellular Approach. In its simplest 
sense, a cellular telephone is little more 
than a low- power, computer -con- 
trolled two -way radio. It transmits and 
receives FM (frequency -modulated) 
signals in the UHF (Ultra -High Frequen- 
cy) band in much the same way as any 
other radio set. There are, however, sev- 
eral important differences that dis- 
tinguish cellular sets from conventional 
radios. Before we dive right into cellular - 
phone operation, let's look at the func- 
tioning of the older two -way radio -type 
phone. (Refer to the sidebar entitled "A 
History of Mobile Telephones. ") 

Early mobile communication used 
conventional two -way radios to estab- 
lish a radio link between a car and a 
centrally located base -station transmit- 
ter /receiver that connected the local 
service area to the telephone compa- 
ny's central office (or CO). The car re- 
quired a large, powerful transmitter 
(often higher than 50 watts) to maintain 
a clear link with the base station. Even 
then, the service area was limited to less 
than 30 miles from the base. Beyond 25 
miles, the signal quality- -both transmit- 
ting and receiving -would begin to de- 

grade. Once you moved beyond the 
maximum range, there would not be 
enough power to maintain the link and 
the conversation would be terminated. 
That frustrating limitation restricted the 
use of mobile communication to the 
area around the base station providing 
the mobile service. The technique was 
also highly susceptible to interference 
from nearby mobile - service areas. 

The cellular concept redefines radio 
communication using a clever and in- 
novative technique: instead of using a 
single, high -power transmitter to cover 
a wide service area, the region cov- 
ered is divided into many smaller zones 
called "cells' (see Fig. 1). Each cell site is 

equipped with a low -power transmitter 
and receiver. The cellular transmitter in 
the phone also operates at a much 
lower power (usually less than 2 watts). 
Low -power operation limits each cell to 
a working range of only a few miles, but 
as the car travels and the signal 
strength changes, a computer deter- 
mines which cell in the network will pro- 
vide the best signal. At the point when 
another cell will provide a better signal 
your conversation is automatically 
switched over to the new cell site. That 
action maintains the highest signal 
quality across the entire breadth of the 
network. 

A cellular switching office (SO) con- 
nects and controls every cell site in the 
network. It is the SO that determines 
how to best handoff your conversation 
between cells, as well as interconnects 
the network to the telephone company 
central office (CO). Ultimately, the CO 
connects the network to the destination 
telephone. 

The cellular approach offers an array 
of advantages over conventional ra- 
dio. First, low -power transmitters are 
smaller, lighter, and consume much less 
power. Low -power also virtually elimi- 
nates the interference problems asso- 
ciated with regular radio. So cellular 
telephones operate efficiently, quietly, 
and occupy little space -so much so 
that many cellular phones can now be 
removed from a car and carried into 
business or industrial work areas as 
mentioned before. Also, small cell 
areas guarantee a strong, clear signal 
at all times since the conversation is 

handed off to an adjacent cell well 
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Nowadays, with the 

popularity of cellular 
phones on the rise, 

it probably won't be 

long before you 

reach out and 
touch someone 

while you're on 

the go. Read 
about the 

technology 
that's already 

making that 
possible for 

many. 

before any signal degradation begins. 
Fina ly, a network can be expanded al- 
most indefinitely by simply adding cells 
and tying them into the network's 
switching office. 

Perhaps the most remarkable feature 
of the modern cellular telephone net- 
work is the "transparency" of its opera- 
tion. The user is usually unaware of the 
many functions occurring in the various 
pars of the network. For many, it's no 
more complicated than just picking up 
the phone. 

Telephone Components. In spite of its 

various buttons and controls, the cel- 
lula' telephone itself is actually a very 
straightforward mechanism. Although 
the size, shape, and circuit complexity 
will vary with each model, every cel- 
lular telephone can be broken down 
intc four major sections (see Fig. 2): the 
power supply, the handset, the control 
module, and the antenna. Let's look at 
each of these sections in more detail, 
starting with the power supply. 

can be found on boats, buses, trains, at 
work sites, etc. Smaller transportables 
generally make use of nickel- cadmium 
(NiCd) batteries, while larger transpor- 
tables may use gelled electrolyte bat- 
teries (or gel- cells). Gel -cells are 
preferred because they offer a much 
better working life than NiCd cells, and 
theywill not spill acid like your car's bat- 
tery. 

The cellular telephone is almost al- 
way:; controlled from the handset as- 

sembly Many telephones have some 
sort of alphanumeric display, as well as 

control keys and the dial pad on the 
handset. Of course, it also houses the 
microphone and receiver earpiece. 
The nandset is connected to the control 
module through a multi- conductor ca- 
ble that handles both audio and the 
keypad's control signals. A liquid -crystal 
display is often used to show the tele- 
phone's status, the number that is di- 
aled, or any errors that might occur. 

The control module is the workhorse 
portion of the cellular telephone and 

All about 
CELLULAR 

TELEPHONES 

BY STEPHEN J. BIGELOW 

Since cellular telephones are de- 
signed as a means of mobile com- 
munication, power is almost exclusiveN 
provided by batteries. The choice of 
battery will often depend on the par- 
ticular telephone and its application. 
For permanent automobile installa- 
ticns, the telephone is wired directly 
into the car's electrical system so the 
to ephone can draw energy directly 
from the car's battery. 

Transportable cellular telephones do 
not rely on the car's battery since they 
are intended to be taken anywhere - 
in side or outside the car. Transportables 

performs a variety of critical functions. It 
houses the transmitter circuit that deliv- 
ers modulated control and voice sig- 

nals to the antenna. The receiver circuit 
demodulates incoming voice and 
data signals designated for your par- 
ticular telephone. The transmitter and 
receiver circuits are basically the some 
as any other two -way radio. However, 
they are supervised by the telephone's 
control -logic circuit. In small cellular 
models, the functions of the control 
module are often incorporated into the 
handset. 

The control logic contains a micro- 
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Fig. I. This is a diagram of the cells that make up a cellular network. The areas that each 
cell site could cover actually overlap. The lines dividing the cells show the areas each cell 
services before a call switches between cell sites. 
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computer that oversees the operations 
of the cellular telephone. The control 
logic encodes the control signals from 
the dial pad and sends them to the 
transmitter, which then relays them to 
the network along with any modulated 
audio. 

Any command or status signals from 
the network that reach the receiver will 
be decoded by the logic and shown 
on the handset display if appropriate. 
The control logic also adjusts the tele- 
phone's output power to optimize the 
signal that reaches the cell site, as well 
as coordinate the handoff of the con- 
versation between cell sites. Batteries 
are housed inside or along the side of 
the control module. 

There are a variety of antenna struc- 
tures that are commonly used in cel- 
lular telephones. The choice depends 
on the type of telephone that is used 
(permanent or portable) and the desir- 
ed location of the antenna. 

Permanently installed cellular tele- 
phones usually use an antenna that is 

mounted somewhere on the car's 
body. Those antennas are easy to 
spot -they usually have a built -in coil in 

the middle (see Fig. 3A). The "pigtail" 
acts to increase the efficiency of the 
antenna by improving its radiating ca- 
pacity. Beware of variations in the types 
of external antennas. Roof- mounted, 
trunk -mounted, and glass- mounted 
antennas are each designed slightly 
differently to optimize the radiation 
properties of each type. Therefore, a 
roof -mounted antenna may not work 
well if it is mounted on the trunk, and so 

on. Be sure to mount the desired anten- 
na in the proper location. 

Transportable telephones, on the 
other hand, use flexible (or "rubber 

0 0 duck ") antennas which are small and 
D 
O ®M © discrete (Fig. 3B). Although flexible an- 

El p ® tennas do not perform as well as their 
C-_] a a o externally mounted counterparts, their 

size and flexing quality make them ide- 
al for telephones that are on- the -go. 

Never underestimate the impor- 
tance of a quality antenna. The anten- 
na is responsible for emitting your 
transmitted signals and picking up any 
signals directed to you. Now that we 
have examined the sections of a typ- 
ical cellular telephone, let's take a look 
at the overall cellular system. 

CONTROL 
MODULE 

Fig. 2. Here's a block diagram of a typical cellular telephone. The control logic is really 

the brains behind the machine. 

Cellular System. The cellular tele- 
phone itself is only a small (but impor- 
tant) part of a large and complex 
communications network that can 
span entire regions of the country. All 



networks, regardless of their particular 
costs and services, are made up of five 

important components: the user (with 

the cellular telephone), cell trans- 
ceivers, the cellular switching office, the 
telephone company central office, 
and the destination telephone. Each 

segment must operate properly for the 
network to be effective. 

Cellular -telephone users subscribe 
to a network that is operating in their 
desired area. That's almost always done 
during the initial purchase and installa- 
tion (if necessary) of the telephone. At 

that time, it is programmed with a tele- 
phone number and serial number. A 

security code may also be available as 

an option on some models. The new 
phone number is registered with the 
cellular -service carrier who will provide 
your service (and your monthly bill). 

Once your phone is programmed, you 
will have normal access to the network, 
and you may send or receive calls at 
any time. Just remember that you must 

be within range of a cell site in order to 
use the network. 

Cellular service will only be available 
where there are cell sites to link the user 

to the network. A network cell site is usu- 

ally very easy to recognize (see Fig. 4). In 

suburban or rural areas, they are most 

often located at higher elevations (on 

hills or mountains) to provide the widest 
possible area of coverage. Urban or 

PHASING 
COIL 

A B 

Fig. 3. Shown here are drawings of an 

external -type car antenna with a pigtail 
(A), and a flex -type ( "rubber- duck ") 
antenna (B). 
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Fig. 4. If you look around in your area 

you may encounter something that looks 

like this. It is a typical cell site. 

metropolitan cell sites are often placed 
on high buildings. 

Cells consist of a small building that 
houses the transmitter, receiver, and 
control circuits to monitor and direct 
the cell's operation. A complex array of 
directional antennas is mounted to the 
building. Each element in the array 
consists of both a receiving and trans- 
mitting antenna. That allows simulta- 
neous two -way communication to take 
place. Modern cells are designed to 
accommodate up to 45 two -way con- 
versations at a time. Each conversation 
uses a pair of frequencies (one for 
transmit, one for receive). 

Due to the low -power nature of cel- 
lular- telephone transmissions, frequen- 
cy pairs can be simultaneously used by 
non- adjacent cells without inter- 
ference. Control signals and voice 
channels are sent to the cellular switch- 
ing office by underground or overland 
cables. If the cell site is within visual 
range of the SO, it may use a short - 
range microwave link to connect the 
cell to the SO. It is the SO that manages 
the operations of the network. 

The switching office is the nerve cen- 
ter of the entire network. It connects 
each cell together to form a pattern of 
coverage across a region. The SO ac- 
cepts the voice and data signals from 
each cell. It also sends voice signals 

from the telephone company central 
office to the appropriate cells, along 
with any command data necessary to 
coordinate the cell's operation. The SO 

controls the handoff of conversations 
between cells. Ultimately, all of the con- 
versations on the network are chan- 
neled through the SO and connected 
to the central office. 

The central office belongs to the tele- 
phone company that provides stan- 

dard phone service in the .network 
area. The cellular SO requests a tele- 
phone line from the CO in much the 

same way as any other telephone. 
Effectively, the cells and switching office 
merely provide a communications 
path and control link between your cel- 
lular phone and the CO. The CO, in turn, 

is connected directly to each of the 

conventional telephones in its local 
area. 

The destination phone, simply stated, 

is the phone number that you are call- 
ing from your cellular phone. In many 
cases, it will be a conventional tele- 
phone connected to the central office. 
However, it may also be another cel- 
lular telephone. That is accomplished 
when the CO tries to connect the desti- 

nation phone. It will re -route your call 
back to the SO, which will treat the new 
signals from the CO as an incoming call 
for another cellular phone (more on 
system operation in the next section). 

Since CO's are connected together 
with their own network throughout the 
country and the world, it is possible for a 
cellular phone user to reach a conven- 
tional phone just about anywhere in 

the world. Let's look at how the network 
operates. 

System Operation. Using the cellular 
telephone to place a call is very similar 
to placing a call from a standard 
phone. Many cellular phones add just 

one extra step: Dial the desired tele- 
phone number on the dial pad as you 
would on any other phone (the dial 
pad is usually located on the handset) 
and press a send key (or equivalent). If 

you don't press the send key, the 
number will remain in the phone's 
memory waiting until you do. That will 

allow you to enter the desired number 
whenever you are stationary (at a stop- 
light, etc.), but make the call whenever 
you are ready simply by pressing the 
send button. 

The send key tells the phone to con- 
nect to the nearest cell and establish a 

communications link to the SO and CO. 

Once the cellular phone confirms that 
a link has been established, it will auto- 
matically dial the number you've en- 
tered. The entire process may take no 
longer than 5 seconds. You will proba- 
bly never hear the dial tone from the 
CO because the phone will dial the 
number the moment it senses a con- 
nection. 

Although you may not a hear dial 
tone, you will hear the busy or ringback 
signals from the CO to indicate the sta- 
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tus of the destination phone. If the 
called party picks up, the conversation 
will take place normally (as long as you 
stay within the region covered by the 
network). 

When you are ready to hang up, you 
simply replace the cellular handset into 
its cradle, or press a termination key 
such as an end key. Either action tells 
the cell and the rest of the network that 
you wish to disconnect. You must be 
sure to hang -up in the proper fashion. 
Remember that you are charged for 
the time that you are connected to the 
network, so even if the other party has 
already hung up, you will still be running 
up your bill. You'll also tie up a useful 
channel for someone else. 

Another phone (either a conven- 
tional phone or a cellular phone) will 
call your number in much the same 
way as they would any other tele- 
phone. The central office determines 
that the number belongs to your cel- 
lular phone and activates a line to the 
switching office. The SO searches for 
the cell with your phone, then alerts you 
to the incoming call by causing your 
phone to ring. 

The communications link is estab- 
lished when you lift the cellular handset. 
The network is contacting you so there is 

no need to press a send button. After 
you lift the handset, simply carry on a 
normal conversation. Keep in mind that 
you must pay for connection time to the 
cellular network -even when receiving 
calls -so be very sure to replace the 
handset in the cradle, or press the end 
button to disconnect. 

Roaming. Part of the appeal of cel- 
lular telephones is their ability to keep 
you in touch from "anywhere." The 
problem is that no single cellular net- 
work can provide coverage every- 
where- networks are only just so big. To 
improve the coverage of cellular ser- 
vice, many adjacent networks enter 
into joint agreements that allow their 
subscribers to use the facilities of other 
networks while traveling. Switching be- 
tween networks is called "roaming," 
and can greatly enhance the 
coverage area of cellular services. 

If you travel outside of your local area 
into an adjacenrnetwork, you will still 
be able to place and receive calls with- 
in the "cooperative network." Most cel- 
lular phones use a "roam" indicator to 
show when the phone is being used 
within another network. Be aware that 
you may be charged a "roaming toll" 
for the use of cooperative networks. 

A History of Mobile Telephones 

Mobile communication can trace its 
roots back as far as the early 1920's when 
the Detroit Police Department first installed 
two -way radios in their police cars. AI- 
though the radios ( "state -of- the -art" tech- 
nology at the time) were large, cumber- 
some, and difficult to use, they proved in- 
dispensable. For the first time in history, a 
group of individuals scattered across a 
wide area could communicate and coordi- 
nate their activities from remote locations. 
The idea caught on, and mobile communi- 
cation was on its way. 

Radio technology improved through the 
next two decades, and the first public 
mobile telephone service opened in St. 
Louis, Missouri in the late 1940's. The sys- 
tem had its share of drawbacks. A mobile 
operator had to dial the desired number 
and connect the destination phone to the 
"radio- telephone." Full duplex communi- 
cation (speak and listen simultaneously) 
was impossible. It operated by the push -to- 
talk, release -to- listen technique. Further, 
the few areas that offered these services 
were usually very busy. 

By the late 1960's, the radio -telephone 
network had grown and become more or- 
ganized. Additional advances in radio 
technology had made the systems more 
reliable and easier to use. The introduction 
of full duplex service and automated dial- 
ing were both big advances. In spite of the 
improvements, the systems were still heav- 
ily congested with voice traffic, and had an 
absolute working range of no more than 30 
miles to a single control station. There had 
to be a better way. 

The initial proposal for a working "cel- 
lular" communication network reached the 
FCC in the early 1970's. Although the basic 
concept of a cellular system was around 
since the first public mobile telephone ser- 
vice, it was only in the 1970's that the corn- 
outer and control technologies had 
developed enough to consider a practical 
network. 

By the end of the 1970's, a prototype cel- 
lular network was implemented in Chicago. 
It was a hit. AT &T assumed a leading role to 
develop the new cellular technology. The 
first full -fledged cellular network went on- 
line in Washington D.C. in 1984. 

At this time, cellular services are avail- 
able in just about every urban center and 
many suburban areas across the United 
States. It is only a matter of time until cel- 
lular service is available in all parts of the 
country. 

Costs. The single greatest expense as- 
sociated with a cellular telephone is 

the purchase cost plus installation. Al- 
though there are cellular rental and 
leasing opportunities available from 
just about any cellular phone dealer, 
many first -time users are taking advan- 
tage of dropping cellular costs and 
purchasing them outright. The cost for a 
new cellular telephone can range from 
$500 to more than $1000 depending 
on the functions and features available 

on each model. There are advantages 
and disadvantages to buying, renting, 
and leasing. 

Renting is the most versatile, but by far 
the most expensive, means of obtain- 
ing a cellular phone. You can rent for 
any period of time- -a day, a week, a 
year -as long as you like. Turn in the 
phone at any time for any reason. If it 
fails, just bring it back and get another. 
You are not responsible for its mainte- 
nance or upkeep (unless, or course, you 
should lose the phone or abuse it 
beyond normal expected wear -and- 
tear). 

Leasing is a cross between renting 
and buying. The main differences be- 
tween renting and leasing are: 1) A 
lease is a legal commitment to rent a 
certain phone for a fixed period of 
time, where a rental period can be flex- 
ible; 2) When a lease expires, you will 
usually own the phone; 3) If the phone 
breaks during the lease period, a tern - 
porary replacement will be loaned to 
you until the original phone is repaired. 
Since a lease commits you to pay over 
a fixed time period, the overall cost of 
leasing is normally lower than renting, 
but is still greater than purchasing the 
phone. 

Buying is perhaps the most popular 
means of obtaining a cellular phone 
for long -term use. The single, one -time 
purchase price of the phone can be 
very appealing when compared 
against monthly rental or leasing costs. 
However, as a piece of personal prop- 
erty, it carries the same responsibilities 
and problems as other personal items. 
You are responsible for its insurance 
and repair (although extended warran- 
ties and service contracts are often 
available). 

Once the phone is installed, you will 
have to consider some of the charges 
that will be billed to your account each 
month. The "monthly charge" is the 
most common fixed cost. It is very similar 
to the monthly charge found on all 
conventional phone bills. That fee pays 
for your regular access to the network. It 
will vary a little from network to network 
depending on the one you choose. 

The "airtime charge" often makes up 
the bulk of all variable charges. Airtime 
is charged whenever your cellular tele- 
phone is connected to the network re- 
gardless of whether you are placing or 
receiving a call. As you can see, you will 
save money by keeping calls short and 
to the point. 

Toll charges are exactly the same as 
conventional telephones. Remember 
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Fig. 5. A geographic dead zone can be caused by large hills or mountains interfering with 

cellular reception. 
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Fig. 6. In urban areas dead -zones are often caused by large man -made structures 

interfering with reception, or canceling out the signal through destructive interference 

with reflections. 

that when you place a call, you are 
ultimately using the telephone compa- 
ny's facilities, so you will be charged 
normally for any toll calls that you make. 
Local calls do not carry a toll charge. If 

you receive an incoming toll call, the 
caller will be billed the toll charge. 

Service charges cover any special 
services that you may have on your ac- 
count such as call waiting or call for- 

warding. Federal, state, and local taxes 

are billed to your account depending 
on your utilization of the network. 

Problems. Although cellular tele- 
phones are generally convenient and 
reliable instruments, they do have their 
operational limitations. From time to 
time, you may encounter situations 
where your phone will not work prop- 
erly. 

Since cellular phones rely heavily on 

UHF -radio communications, they can 
experience the same limitations as 

other radio equipment. Drop off can 
occur whenever there is a severe mo- 

mentary loss of radio -signal strength. 

That seriously degrades the con- 
versation, sometimes causing it to cut 
out briefly. It is very similar to a "bad 
connection" in a conventional phone. 

Drop offs happen because of the 
poor transmission conditions that exist 

in wide, low -lying rural areas, around 
large bodies of water, or in areas that 
are heavily wooded. Drop offs can also 

take place in urban areas that have 
many large buildings in close proximity, 

under bridges, or around Other large 
structures. That's because UHF radio 
waves are easily reflected and scat- 

tered by objects. Large buildings or nat- 

ural barriers (like hills and mountains) 
are notorious for this. More obstructions 
to the radio signal increase the proba- 
bility of interference. 

Unfortunately, there is no way to tell 

whether or not a particular area is prone 
to drop off until you are actually there 

and it is happening, but cellular networks 

are designed to tolerate short drop offs 

without disconnecting your con- 

Cellular Phone Glossary 

Access Charge -A fixed monthly fee 

charged to your cellular -phone account for 

subscription to the local network and its 

services. 
Advanced Mobile Phone System 

(AMPS)- AT &T's official name and inter- 

connection standard for cellular service. 
Carrier -A company which provides cel- 

lular services. 
Cell -The area serviced by a permanent 

cellular transmitter /receiver station (cell 
station). 

Central Office (CO)- Telephone- compa- 
ny switching facilities which connect the 

standard telephone network to the cellular 
switching office. 

Channel -In cellular communication, it 

is a frequency pair used for full duplex 
communication between a cellular phone 
and a cell site. More than 600 channels are 

allocated for cellular use. 
Connect Time -The length of time that a 

cellular phone is connected to a cell site. (it 

is not the length of a conversation.) 
Dead Zone -Due to natural or man- 

made interference, an area where cellular 
signals will not travel. 

Drop Off-A brief signal loss due to natu- 

ral or man -made interference. 
Electronic Service Number (ESN) -The 

serial number of a cellular phone recorded 
in its permanent digital memory. 

Handoff -The transfer of a conversation 
from the control of one cell site to another as 

the phone moves. 
Multipath interference -A cause of dead 

zones. A type of radio interference where a 

direct signal is combined with one or more 
reflections of the same signal. 

Numeric Assignment Module (NAM) - 
The cellular phone's permanent memory 
chip which contains its ESN and its assign- 
ed phone number. 

Phasing Coil -The "pigtail" section in 

many car -mounted antennas. 
Roaming -The use of cellular services 

outside of the local network. Many adjacent 
networks have roaming agreements. 

Service Area -The area of cellular 
coverage provided by a carrier. 

Switching Office (SO). Cellular switching 
facilities that control the network cells and 
interface to the CO 

versation. If you encounter frequent or 

prolonged drop offs, the network may 

interpret that loss of signal to mean that 
either you or the other party has hung 
up. Whenever you experience drop 
offs, you may either cut the con- 
versation short and call back later, or 

simply forewarn the other party that 
you may get cut off at some point, and 
that you will call back if that happens. 

Effectively, dead zones occur for the 
same reasons as drop offs -the radio 
waves are obstructed. A dead zone, 

however, covers an area much larger 
than a drop off, perhaps several miles. 

No cellular service will be available 
(Continued on poge 106) 
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The process of converting an 
analog voltage into an equiv- 
alent digital signal (analog -to- 

digital conversion, commonly referred 
to as A/D conversion or ADC) is some- 
what more complicated than D/A con- 
version. Over time several methods of 
A/D conversion -simultaneous, 
counter, electromechanical, etc. - 
have been developed. 

Simultaneous Conversion. Simul- 
taneous conversion (probably the sim- 
plest of all methods of A/D conversion) 
uses a number of comparators in its 
design. The analog signal to be dig- 
itized serves as one input to each com- 
parator; the other input to each 
comparator is connected to its own ref- 
erence voltage, as shown in Fig. 1. In our 
example, the reference voltages are 
+V /4, +V /2, and 3/4( +V), where +V is 

the maximum signal voltage the circuit 
can handle. 

If the analog input exceeds the refer- 
ence voltage to any comparator, that 
comparator's output goes high. That 
means there are four voltage ranges 
that can be detected and effectively 
discerned by our circuit: If all com- 
parator outputs are low, the analog in- 

*Our gratitude is extended to the EIA/CEG for 
the creation of this course, especially to the 
consultants who brought it to fruition: Dr. 
William Mast, Appalachian State University; 
Mr. Joseph Sloop, Surry Community College; 
Dr. Elmer Poe, Eastern Kentucky University. 

The Digital Microprocessor Course is re- 
printed here with the permission of the 
Electronic Industries Association /Consum- 
er Electronic Group (EIA /CEG). The com- 
plete parts kit is available from EIA /CEG. 
For further information, contact EIA /CEG 
Product Services Department, 1722 Eye 
Street, NW, Suite 200, Washington, DC 
20006; or call 202/457 -4986. 

put signal must be between 0 and 
+V/4. If the output of U1 is high, and U2 
and U3 are low then the input must be 
between +V /4 and +V /2. If U1 and U2 
are high while U3 is low the input must 
be between +V /2 and 3/4( +V). Finally, if 
all comparator outputs are high, the 
input signal must be between 3/4( +V) 
and +V 

The three comparator's outputs can 
be fed into a coding network that con- 
verts their combined output into a two - 
bit digital value. The bits of the coding 
network can then be fed to a register 
for storage and final output. 

In order to gain a clear understand- 
ing of simultaneous A/D conversion, let's 
look at the three -bit converter shown in 
Fig. 2. Note that seven comparators - 
allowing the input to be divided into 
eight ranges-are required to convert 
the analog input into a 3 -bit digital sig- 
nal. The simultaneous ND converter is 

quite straightforward and relatively 
easy to understand. However, as the 
number of bits in the digital number 
increases, the number of comparators 

increases very rapidly. Because of that, 
simultaneous conversion becomes too 
expensive where larger numbers are 
involved. So other methods are used for 
numbers more than three or four bits 
wide. 

The Counter Method. The counter 
method of A/D conversion uses only 
one comparator and a variable refer- 
ence voltage, which is applied to the 
comparator. Such a converter contains 
a simple binary counter, from which the 
digital output values (and the device's 
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Fig. 1. Simultaneous conversion requires a 
number of comparators in its design. The 
analog signal to be digitized serves as one 
input to each comparator, the other input 
to each comparator is a standard 
reference voltage. 
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Fig. 2. Seven comparators -allowing the input to be divided into eight ranges -are 
required to convert an analog input to a 3 -bit digital signal. 

name) are derived. The counter must 
be an n -bit counter, where n is the desir- 
ed number of output bits. 

At first, the counter output is not sent 
to the outside world. Instead, the digits it 
produces are only available to a D/A 

converter inside the chip via a series of 
level amplifiers. That converter is a stan- 
dard binary ladder (like that described 
in the D/A Converter exercise last 
month). 

When a clock signal is applied to the 
counter input, it causes the output of 
the binary ladder to appear like the 
staircase waveform shown in Fig. 3A. 

PARTS LIST FOR THE 
A/D CONVERTER EXERCISE 

Ul- ADC0804 8 -bit analog -to- digital 
converter, integrated circuit 

LEDI LED8 -Jumbo light- emitting 
diode 

R I R8- 270 -ohm, '// -watt, 5% resistor 
R9- 10,000 -ohm, 1/4-watt, 5% resistor 
RIO-- 100,000 -ohm, trimmer 

potentiometer 
C1- 150 -pF, ceramic -disc capacitor 
SI -SPST switch 
Breadboard, voltmeter, logic probe, +5- 

volt power source, wire, etc. 

That staircase is used as the reference 
voltage needed for the comparator 
(see Fig. 3B). When the reference volt- 
age approximately matches the ana- 
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log input, the comparator signals the 
control circuitry. 

When that happens, the control cir- 
cuitry pauses the counter by interrupt- 
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Fig. 3. If a clock signal is applied to the counter input, the output of the binary ladder is 

the staircase waveform shown in A. The block diagram for a counter -type AID converter is 

shown in B. 
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Fig. 4. In A we show a control circuit that could be used with the converter shown in Fig. 
3B. The waveforms for one conversion are shown here in B. 

ing the clock signal. It then allows the 
counter's current digital value to ap- 
pear at the chip's output pins via regis- 
ters. The control circuit then waits for a 
start signal to coax it into getting the 
next value. Upon receiving the start sig- 
nal, it resets the counter to zero and 
allows clock pulses to reach the 
counter. 

The circuit can be considered a 
closed -loop control system: An error 
signal is generated at the comparator 
output by taking the difference be- 
tween the analog input and the feed- 
back signal (the staircase reference 
voltage). 

The error is detected by the control 
circuit, and the clock advances the 
counter so that the error signal is re- 
duced by increasing the feedback volt- 
age. When the error is reduced to zero, 
the feedback voltage is equal to the 
analog input. At that point, the control 
circuit stops the counter, and the system 
stops. Although this type of A/D convert- 
er offers high resolution and is much 

simpler than the simultaneous method, 
it requires a longer conversion time. Be- 
cause the counter advances one 
count for each cycle of the clock, the 
clock determines the maximum con- 
version rate. 

Figure 4A shows a portion of the con- 
trol circuit that can be used in the con- 
verter shown in Fig. 3B. The waveforms 
for one conversion are shown Fig. 4B. 
The positive edge of the sraar pulse is 

used to reset the counter and to trigger 
the one -shot (denoted O.S.). The one - 
shot's output sets the control flip-flop, 
which allows the clock to advance the 
counter via an AND gate. 

A delay between the counter's RESET 

pulse and the beginning of the clock 
pulses ensures that all the flip -flops in 
the counter are reset before the count 
begins. Once the reference voltage 
equals the analog input voltage, the 
comparator output resets the control 
flip -flop and stops the count. 

An obvious method for speeding up 
the process is to eliminate the need to 

reset the counter each time a con- 
version is made. If that were done, the 
counter would not begin at zero each 
time, but instead would begin at the 
value of the last conversion and at- 
tempt to alter its value to match the 
current signal level. However, that 
means that the counter would have to 
be capable of counting either up or 
down. There is also the need for addi- 
tional logic circuitry, since we must de- 
cide whether to count up or down by 
examining the output of the com- 
parator. 

An A/D converter that uses an up- 
down counter -called a continuous Al 
D converter -is shown in Fig. 5A. A 
waveform typical of that converter is 

shown in Fig. 5B. There are a variety of 
other methods for digitizing analog sig- 
nals -too many to discuss in detail in 
this article -but let's look at a few. 

Other Converter Configurations. 
The Successive -Approximation method 
is the process by which an analog volt- 
age is approximated one bit at a time 
beginning with the MSB (most- signifi- 
cant bit). Each conversion takes the 
same time and requires one con- 
version cycle for each bit. So the total 
conversion time is equal to the number 
of bits multiplied by the time required 
for one conversion cycle (normally one 
clock cycle). 

Another method for reducing the 
total conversion time of a simple 
counter converter is to divide the 
counter into sections -that configura- 
tion is called a "section counter." To un- 
derstand how the total conversion time 
might be reduced by the section meth- 
od, assume we have a standard eight - 
bit counter. If the counter is divided into 
two equal counters of four bits each, we 
have a section converter. 

The converter sets the section con- 
taining the four least- significant bits (or 
LSB's) to all l's and then advances the 
other section until the ladder voltage 
exceeds the input voltage. At that point, 
the four LSB's are reset and advance 
until the ladder voltage equals the in- 
put voltage. Such converters are often 
used in digital voltmeters. 

Electromechanical A/D conversion is 

another very important method; it in- 
volves the translation of the angular po- 
sition of a shaft into digital information. 
A common application of that tech- 
nique is in large radar installations, and 
many other aircraft and aerospace 
applications, where the azimuth and 

(Continued on page 98) 



AM -band, VHE and shortwave re- 

ceivers in particular often 
produce audio signals that are 

a terrible mess of weird squawks, 
squeals, and other objectionable 
noises. Today, the growing number of 
electronic devices is making the ca- 
cophony louder and messier than ever 
before. Fortunately, many of the inter- 
ference problems that you might expe- 
rience can be fixed, or at least reduced 
significantly in severity. 

Interference is usually produced by 
one of two sources: local radio- and 1V- 

station signals and other electronic de- 
vices. Signals from AM, FM, and TV sta- 

tions are quite powerful, and can be 
troublesome for receiver owners in their 
immediate vicinity. Unfortunately, in 

many areas of the country, residences 
are located quite close to such sta- 
tions-in a few areas even shortwave 
stations are located near homes. Let's 

discuss the problems caused by local 
transmitters first. 

Radio -Station Interference. Typical 
problems from local transmitters in- 
clude blanketing, desensitization, har- 
monic generation, and inter - 
modulation. Let's define 
each of these in turn. 

First we'll deal with 
blanketing. Blanket- 
ing occurs when a 
very strong local 
signal completely 
washes out radio re- 
ception all across the band. It generally 
affects only the band that the signal is 

found in. The offending signal can ei- 
ther be received throughout the band, 
or at numerous discrete points. 

Another problem is desensitization. 
Desensitization appears as severely re- 

duced receiver sensitivity due to the 
presence of a strong local signal. De- 

sensitization can occur across a wide 
frequency range and is not restricted to 
a single band. You might not hear the 
offending signal on your receiver unless 

it's tuned to the station's frequency. 
Yet a third problem is harmonic gen- 

eration. If the signal is strong enough to 
drive the RF amplifier of the receiver 
into nonlinearity, then the receiver may 
internally generate harmonics of the 
strong signal. For example, if you live 

close to a 780 -kHz AM broadcast -band 
signal source, and the receiver over- 
loads from its transmissions, then you 
might be able to pick up the signal at 
twice the frequency (1,560 -kHz), three 

times the frequency (2,340 -kHz), and so 

on up throughout the shortwave bands. 
Note that the radio station is notgener- 
ating harmonics (which would violate 
FCC regulations). The receiver is just re- 

sponding inappropriately to the re- 

ceived signal. 
Last, there's the possibility of inter - 

modulation. This problem occurs when 
two signals of different frequencies (say, 

fl and f2) mix together to produce a 

third frequency (f3). The two initial fre- 

quencies involved might be (and prob- 
ably are) the assigned fundamental 

operating on 21,390 kHz (in the 15- 

meter band). Both stations are operat- 
ing normally, but at least one is close 

enough to overload your receiver and 
produce nonlinearity in the RF ampli- 
fier. When the second harmonic of 
10,120 kHz (i.e. 20,240 kHz) mixes with the 
21,390 kHz signal, one resulting frequen- 
cy is: 

21,390 20,240 =1,150 kHz 

which is right in the middle of the AM- 

broadcast band. 
If there are many signals generated 
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frequencies of legitimate radio stations, 

or their harmonics. The third signal is 

sometimes called a "phantom signal." 
The frequencies mix due to nonlinearity 
in some component in the receiver or 

antenna. The nonlinearity can be due 
to receiver overload, improper receiver 
design, or some other source (legend 
has it that rusted downspouts and cor- 
roded antenna connections can act as 

nonlinear PN junctions). As they say in 

the new science of Chaos Theory: 
"... nonlinearity can arise throughout 
nature in subtle ways." 

The possible values for the new fre- 

quency can be found from: 

f3 =mfr nf2 

where m and n are integers, although 
not all possibilities are likely to occur in 

any given situation. Suppose one local 
ham is operating on 10,120 kHz (in the 
new 30 -meter band), and another is 

in your locality, an extremely large 
number of possible intermodulation 
combinations can arise. In my home- 
town there is 9 hill, right in the middle of 
a densely populated residential neigh- 
borhood, on which there are two 50- 
kilowatt FM- broadcast stations; a 5 -kilo- 
watt AM- broadcast station; scores of 
VHF and UHF landmobile -radio base - 
station or repeater transmitters; and an 
assortment of paging systems, ham op- 
erators, a medical telemetry system, 
and the microwave towers of an AT &T 

long -lines relay station -all within a city 
block or two. Only a few unassisted ra- 

dio receivers work well in that neigh- 
borhood! 

There are two approaches to over- 
coming these problems. First, either re- 

ject or somehow selectively attenuate 
the offending signal (or one of the sig- 

nals in the case of an intermodulation 
problem). That is done using a wave- 
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trap placed between the antenna and 
the rig. Second, add a passive pre - 
selector to the front -end of the radio 
receiver between the antenna line and 
the antenna input of the receiver. 

Wavetraps. Let's discuss three wave- 
trap circuits that can be used from the 
AM band up through VHF /UHF frequen- 
cies. The circuit in Fig. 1 is an LC wave- 
trap based on inductors and capaci- 
tors. There are Iwo forms of LC resonant 
circuit shown in Fig. 1. In series with the 
signal path is a parallel resonant circuit 
(L2 /C2). Such circuits have a very high 
impedance at the resonant frequency, 
so they will attenuate signals of that 
frequency trying to pass through the 
line between J1 and J2. However, the 
impedance at all other frequencies is 

low so those frequencies will pass easily 
from J1 to J2. A pair of series resonant 
circuits are shunted across the line on 
both ends of the signal path. Series res- 
onant LC circuits have a low imped- 
ance at the resonant frequency, and a 
high impedance at all other frequen- 
cies, so they shunt only the offending 
signal to ground. 

The wavetrap of Fig. 1 can be built 
using either fixed inductors and varia- 
ble capacitors, or vice-versa. It can be 
built either for one fixed frequency, or as 
a variable wavetrap that can be tuned 
from a front -panel knob to attenuate 
the offending signal. 

Figure 2 shows the circuit of a similar 
type of wavetrap, but this one is built 
with varactor diodes. They are used as 
variable capacitors because their junc- 
tion capacitance varies with the ap- 
plied reverse -bias voltage. Thus the 
circuit is tuned by properly setting VT, In 
the circuit of Fig. 2, only series resonant 
circuits are used. 

Wavetraps built from LC circuit ele- 
ments are useful well into the VHF re- 

J1 J2 
IN 

L2 

C2 

n 

OUT 

L3 

C3 

Fig. I. This is a wavetrap using one series 
resonant and two parallel resonant tank 
circuits. 
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JZ 
OUT 
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C3 
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R2 

150K 

D2 

C4 

0.1I 

Fig. 2. This voltage -tuned x'avetrap takes 
advantage of the variable junction 
capacitance of the two varactor diodes. 
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Fig. 3. This half - wavelength shorted -stub 
form of wavetrap can be used to attenuate 
a specific frequency. The length of the stub 
determines the frequency. 

gion. In fact, many video and other 
electronics stores sell wavetraps similar 
to the one in Fig. 1 that are built es- 
pecially for the FM- broadcast band (88 
to 108 MHz). Those are good sellers be- 
cause nearby FM- broadcasting sta- 
tions are frequent sources of inter- 
ference to VHF television receivers. 

J1 

IN 

Nnvrner vnrtunr wavetrap is shown 
in Fig. 3. That type of wavetrap is called 
a half -wavelength shorted stub. One of 
the properties of a transmission line is 

that it will reflect the load impedance 
every half wavelength along the line. 
When the end of the stub is shorted, a 
"virtual" short -circuit will also appear 
every half wavelength along the line. 
The stub length determines the fre- 
quency that is shorted. The length of 
the stub can be found from: 

L = 492V/f 

where L is in feet and f is in megahertz. 
The V term is the velocity factor of the 
transmission line. For common coaxial 
lines the value of V ranges from 0.6 (for 
cable with a polyethylene inner insula- 
tion) to 0.82 (for cable with polyfoam 
insulation). 

For example, assume that we need to 
eliminate the signal from a local FM 
broadcaster at 88.5 MHz. The shorted 
stub is made from ordinary coax 
(V= 0.66), and must have a length of: 

(492) (0.66)/88.5 = 3.669 feet 

(or 44- inches). 
The half -wavelength shorted stub is 

connected in parallel with the antenna 
input on the receiver. In the case shown 
in Fig. 3, the stub is connected to the 
receiver and antenna transmission line 
through a cóaxial 'tee" connector. Of 
course, although UHF connectors are 
shown, the actual connectors that you 
use must match your receiver and an- 
tenna. Also, it is possible to use 300 -ohm 
twinlead for the stub rather than coax, 
provided it is used as the transmisson 
line as well. 

The other approach to solving the 
problem is to use a passive preselector 
ahead of the receiver. Again, the pre - 
selector is inserted directly in the trans- 
mission line between the receiver's 
antenna input and the antenna. Figure 
4 shows a typical circuit for this type of 
preselector. The tuning is controlled by 
resonant pairs C1 -a /L2 and C1 -b /L3, 

2pF 

Cl-a C2 

___J 

C"1-b 

L3 

C3 

J2 
OUT 

Fig. 4. This passive LC preselector circuit is handy because, unlike wave traps, it is 
variable. 


