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“Design work is faster and
cheaper with Electronics

Workbench.”
Mark Weaver

Production Engineer Technician
Colorado Memory Systems/HP

Electronics Workbench is a highly productive
bench where you design and verify circuits
in a traction of the time. Connections are always
perfect. Wires route themselves. And the
simulated components and test instruments
work just like the real thing.
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Just $299*

For DOS. Windows or Mac Version.

The electronics lab in a computer™

Call: 800 263-5552

INTERACTIVE IMAGE TECHNCLOGIES LTD.
908 Niagara Falls Blvd. #068, North Tonawanda. NY 14120-2060
Telephone: (416) 361-0333 FAX: (416) 3685799

*30-day money-back guarantee.

Prices in U.S. dollars. shipping $15. Offer valid in U.S. anc Canada only. W\D(()ws
All trademarks zre the property of their respective owners. OMPAT INTERACTIVE
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COVER STORY

Build the LED-Tric Christmas Tree
Brighten your holidays with this three-dimensional, flashing
Christmas tree —Richard Panosh

CONSTRUCTION

Build the Z-Dice
Play games of skill and chance with this easy-to-build and fun-to-use
microcontroller project—Scott Edwards

Build a Low-Voltage Power Controller
Use it as a dimmer control for low-power incandescent lamps or as
a speed control for small DC motors—Fazal A. Rehman

FEATURES

George H. Heilmeier and the LCD
Hard work and good fortune combined to turn an interesting
chemical effect into a useful and practical device—Jomes P. Rybak

Switching with PIN Diodes
Use them for any type of signal switching—Joseph J. Carr. K4IPV

The High-Tech War on Crime
How new technology is helping to put the bad guys behind bars—
Bill Sivrv

Thermal Calculations
Keep your circuits from doing a messy meltdown—Jack Olivieri

Screen Shots and Project Photography
Made Easy

Try these simple yet effective techniques—Fred Blechman

Page 51

POPULAR ELECTRONICS [ISSN 1042-170-X) Published monthly by Gemsback Publications, Inc. 500-8 Bi-County Boulevard. Farmingdale, NY 11735. Second-
Class postage paid at Farmingdale. NY and ot additional mailing offices. One-year, twelwe issves. subscription rate US. and possessions $2195. Canada
$28.84 lincludes G.S.T. Conadian Goods and Services Tax Registration No. RI25146280), 4 other countries $29.45. Subscription orders payable in US.
funds only. Infernationat Postal Money Order or check drawn on a U.S. bank. US. single copy price $3.50. © 1994 by Gemsback Publications, Inc. Alf rights
reserved. Hands-on Electronics and Gizmo trademarks are registered in US. and Canada by Gernsback Publications, inc. Popular Electronics trademark is
registered in U.S. and Canada by Electronics Technology Today. Inc. and is licensed to Gernsback Publications, Inc. Printed inUSA.

Postmaster: Please send address changes to Popular Electronics, Subscriptior Dept..P.O. Box 338, Mount Morris, IL 61054-9932

A stamped self-oddressed envelope must accompany all submitted manscripts and/or artwork or photographs if their retum is desired should they be
rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or photographs while in our possession or otherwise.

As a service to readers. Popular Electronics publishes available plans or information relating to newsworthy products, techniques. and scientific and techno-

logical developments. Because of possible variances in the quality and condition of materials and workmanship used by readers. Popular Electronics dis-
claims any responsibility for the safe and proper functioning of reader-built projects based upon or from plans or information published in this magazine.

WWW. atneticaariadioRisterv.-com

~  soluoo8|3 rejndod '$66 1 16qWessq


www.americanradiohistory.com

N December 1994, Popular Electronics

PRODUCT REVIEWS

Gizmo
End your holiday-shopping worries and find the perfect
electronics gift for every member of your family in our annual
Holiday Gift Guide

Hands-On-Report
IC Engineering Digi-Field field-strength meter

COLUMNS

Multimedia Watch
Sounding off—Marc Spiwak

Think Tank

Some AV circuits— John Yacono

Antique Radio
Firing up the Tel-Ohmike TO-4—Marc Ellis

Computer Bits
Not just for kids— Jeff Holtzman

Circuit Circus
Ultrasonic circuits—Charles D, Rakes

DX Listening

Shortwave broadcasting from Singapore—Don Jensen

Ham Radio
A funny little antenna— Joseph J. Carr

Scanner Scene
A stocking stuffer for Christmas—Marc Saxon

DEPARTMENTS

Editorial

Letters
Electronics Market Place
Electronics Library
New Products
Popular Electronics Market Center
Advertiser’s Index

Free Information Card
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Popular Electronics

Larry Steckler, EHF,CET,
editor-in-chief and publisher

EDITORIAL DEPARTMENT
Carl Laron, editor
Dan Karagiannis, associate editor
Teri Scaduto, assistant editor
Evelyn Rose, editorial assistant
Marc Spiwak, editorial associate
Joseph J. Carr, K4IPV,
conributing editor
Marec Ellis, contributing editor
Jeffrey K. Holtzman,
contributing editor
Don Jensen, contributing editor
Marc Saxon, contributing editor
John Yacono, contributing editor

PRODUCTION DEPARTMENT
Ruby M. Yee, production director
Karen S. Brown,
production manager
Kathy Campbell,
production assistant

ART DEPARTMENT
Andre Duzant, ort director
Russell C. Truelson, illustrator

Jacqueline P. Cheeseboro,
circulation director

Michele Torrillo,
POPULAR ELECTRONICS bookstore

BUSINESS AND EDITORIAL
OFFICES
Gernsback Publications, Inc.
500-8 Bi-County Blvd.
Farmingdale, NY 11735
1-516-293-3000
FAX:1-516-293-315
President: Larry Steckler

SUBSCRIPTION
CUSTOMER SERVICE/
ORDER ENTRY
1-800-827-0383
7:30 AM-8:30 PMEST

Advertising Sales Offices
listed on page 136

Composition by Mates Graphics

Cover by Loewy Design
Nustration by Chris Gould

Since some of the equipment and circuit-
ry described in POPULAR ELECTRONICS
may relate to or be covered by U.S.
patents, POPULAR ELECTRONICS dis-
claims any liability for the infringement
of such patents by the making, using, or
selling of such equipment or circuitry,
and suggests that anyone interested in
such projects consult a patent attomney.
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A HOLIDAY GIFT

Believe it or not, another year is almost at its end. It has been
a fun year for all of us here at Popular Electronics, and we
hope that you have enjoyed your 1994, too.

We have gone through a few changes in how the magazine
looks and is prepared this past year, and the changes are not
yet done. On the drawing board are some exciting plans that |
think will make Popular Electronics look even better, and
provide you with even more of what you look for from one of
the best electronics magazines around.

But 1994 is not over quite yet-we still have this last issue to
go, and | think it is a great one. That's because, in addition to
all of the projects, articles, columns, features, and more that
you’ve come to expect every month, we are also presenting a
couple of stories that are sure to make the coming holiday
season special.

For starters there's our cover story—a neat little flashing
Christmas tree that’s easy-to-build and is sure to light up your
holidays for many years to come. The story begins on page
33.

Then there’s Gizmo’s annual Holiday-Gift Buying Guide. If
you are looking for the perfect electronics gift for that special
someone, it is the first place you should turn to. The story be-
gins on page 9.

Those selections are our holiday gift to you, our readers. Itis
our thank you for helping to make Popular Electronics the
magazine that it is. On behalf of everyone here at Gernsback
Publications, I'd like to wish you a joyous holiday season and
a happy New Year.

GZES

Carl Laron
Editor

WWW._ameraaaradiehietary com

SURVEILLANCE

& SECURITY

FM TRANSMITTERS
MINIATURE (KITS)

» 3-VOLT FM XMTR, up to 300 ft. indoors,
1500 ft. outdoors

+« PHONE XMTR, range to 500 ft., uses
phone-line power

+ Sound-Activated XMTR, range to 500 ft.

= 2-STAGE XMTR, 9-Volt, very powerful

All above require simple soldering
at 2 to 4 places. Broadcast on std
FM band. Assemble in less than 5
minutes. Any of the above $29.95**

TELE CALL FORWARDER. Transfers
incoming calls to any number you
select. $99.00*

CALLER ID. Registers Incoming
number and stores to 50 numbers.
$99.00*

TEL REGISTER WITH PRINTER.
Records dialed number, duration, and
prints record. 16-digit display with
security lock control. Stores up to 40
calls. $169.00*

TEL REGISTER W/O PRINTER.
Records dialed number and time.
16-digit display. Holds up to 145 num-
bers in memory. $99.00*

12-HOUR LONG-PLAY RECORDER.
Modified Panasonic. Records 6 hrs.
on each side of 120 tape (supplied).
Compatible with VOX and Tel Rec
Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH.
Makes recorder self-activating with
voices or other sounds. Great for
radios and scanners. Provisions for
external mike and/or patch cord.
$28.50**

TELEPHONE RECORDING ADAP-
TER. Records incoming and outgoing
calls. Use of handset controls
recorder and records both sides of
conversation. $28.50*

TELEPHONE SCRAMBLERS. Over
4,000 separate codes; impossible
to break code. Assures utmost pri-
vacy. $199.00*

VOICE CHANGER. Changes man’s
voice to lady’s and vice versa, 8
separate settings. Ideal for disguis-
ing telephone voice. $49.00**

RF BUG DETECTORS, TAP
BUSTERS, AND MUCH MORE
For Shipping and Handling add *$5.00 and
**$2.00 per item. Colo. residents add sales tax.
Mail Order. VISA, M/C, COD's o k. inquire for
dealer prices. Free catalog.

TOLL FREE 1-800-926-2488

A.M.C. SALES, INC.
193 Vaquero Drive
Boulder, CO 80303
Tel: (303) 499-5405
Fax: (303) 494-4924

Mon-Fri 8 a.m. - 5 p.m. Mtn. Time
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EDUCATIONAL
DEFICIENCIES

| am a 16-year-old student who
studies electronics at the local
Vo-tech center. | know that you
don't want to get into the debate
over the educational system in
the United States, but | think it
is extremely important. Qur na-
tion’s future rests on the youth
of America.

When | first entered the elec-
tronics program, | thought that |
could do the math and handie
the technical jargon without any
problem—and | could, with a
calculator. My teacher showed
us that without a caiculator, we
were useless. | couldn't even
calculate percentages. The
thing is, three years ago, | could
do percentages; | simply forgot
how!

That led me to believe that
American teachers focus on
subjects that are not extremely
relevant in today's society, i.e.,
trigonometry and complex al-
gebra. | think that American
teachers need to concentrate
on the elementary, important
stuff before expanding into more

LETTERS

complex forms of mathematics.
That can be said for every
subject. You need to be able to
understand Shakespeare before
you can read it, or else it's
useless.

The average Japanese stu-
dent has the equivalent of a
Masters degree upon graduat-
ing from high school. Does that
mean that the Japanese are
smarter than Americans? Of
course not! They are just taught
differently, and they are taught
better. So | don't think that it's
totally the American students
who are at fault; it's the poor
educational system. Every time
| want to recap an old tech-
nique, | look it up in a book,
when it should be in my head!

I hope that this letter explains
a few things about our educa-
tion system as seen through a

3M breadboards
for less dough.

Lower prices, plus jumper wires and a
diskette. No wonder interest is rising.

Remember, 3M Breadboards carry a lifetime warranty.
For more information, call 1 (800) 328-0016, ext. 103,

© 3M 1994

3M Reliability
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person who is living through it.
AS.
Taneytown, MD

PRACTICAL PROJECTS,
PLEASE

| appreciate the editorial that
appeared in the September is-
sue of Popular Electronics. |
certainly don’t agree that the
magazine should be trashed.
You do cover a lot of territory,
from the latest innovations to
antique radios. However, the let-
ter-writer deserves some credit
for expressing frustration with
your articles and taking the time
to inform you.

From an economics and time-
consuming view, many of the
articles featured in Popular
Electronics simply are not
practical. Who wants to shell out
several hundred doliars and
spend many hours constructing
a project that gets used once or
twice and looks like a piece of
junk?

On the other hand, the SCA
detector that you featured a few
months ago is very practical. It
is inexpensive and will give
many years of enjoyment. How
about running more articles of
that type?

You are correct: You can't
please all of us. But practical
projects can please most of us
for years.

H.R.
Indianapolis, IN

PLEASING EVERYONE
I've been an avid reader of
Popular Electronics for years.
I'm 28 years old and I'm in-
volved in an electronics training
course. Your magazine is prob-
ably the number one reason for
my interest in electronics in the
first place. My main interests
are in robotics and computers.
Upon receiving my Sep-
tember 1994 issue, | did my
usual scan to see what “good-
ies” were inside. | then started
my reading-from-cover-to-cover
process—that is, until | read the
“You Can't Please Everyone”

WWW. asknefrieaniadiahigstory.com

editorial. The letter that trashed
Popular Electronics could only
have been written by a (hoid
your breath until you turn blue
or get your own way) child.

| personally love the amount
of advertisers in the magazine.
If not for them, we wouldn't be
able to get the parts we need
for our projects. | would, how-
ever, like to see more “build it"
projects, possibly a robot or a
robot arm. it's not that 'm dis-
satisfied, but I'm a firm believer
in the do-it-better-yourself ruie. |
would be willing to pay more for
an expanded “build it” issue(s).
| also love the consumer and
computer coverage in Popular
Electronics.

As for that letter-writer, if he
hates the magazine so much,
why does he read it?

Keep up the exceltent work!
JG.

Willow Grove, PA

HAVES & NEEDS

I am in need of an Aerovox type
88-366 electrolytic capacitor,
which is no longer being man-
ufactured. The capacitor is a
dual-can unit, non-polarized,
0.6 and 2.2 pF at 300V. Itis
used in the synchronous motor
circuit on a reel-to-reel tape
recorder. The recorder is a type
M-7SP, made about 30 years
ago by Akai.

Thank you in advance to any-
one who can help me find that
capacitor.

JOHN H. RODRIGUEZ
123 Colonels Lane
Weymouth, MA 02189

| recently purchased a used
Gould oscilloscope, model
0S-260, and | am looking for an
owners manual. | am also inter-
ested in finding out its specified |
bandwidth, its age, and the rec-
ommended calibration
procedure.

If anyone has access to that
information, | would be gratefut
for his assistance.

JOHN S. SEYBOLD
P. O. Box 3236
Fort Walton Beach, FL 32547 i}



www.americanradiohistory.com

Only NRI gives you everything you
need to start your own high-paying
locksmithing business!

New!
FOUR
Courses! .~
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NRI training lets you earn
while you learn

Now you can join the ranks of
skilled professional locksmiths cur-
rently earning $30.00 an hour or
more! With NRI’s all-new lock-
smithing courses, you get practical
experience right from the very first
day ... learning everything you
need to know to get started in a
high-profit locksmithing business
of your own. NRI's complete lock-
smithing training covers installa-
tion and operation of :

® modern and rare door locks
safe and vault locks

modern security systems
personal identification numbers
closed-circuit TV systems
American- and foreign-made
automotive locks.

® 0030

Hands-on training incdudes
important tools of the trade

Your NRI locksmithing training
includes hands-on projects
designed to give you the skills you
need to tackle any locksmithing job
that comes your way. Depending

1. Master Locksmithing

2. Basic Locksmithing

3. Automotive Locksmithing
4. Home Security Servicing

NPy

) Locksmithing

o 4 i
A ri

v

—————

::"1' &Id l f s~
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on the course you choose, you train
with and keep:

Iico 027A key making machine

an assortment of locks and keys

21-piece Car Opening Kit

home security system

Viper 500 auto alarm system

how-to videos

fully illustrated lessons
NRI assures you learn the trade
secrets of the pros as you train with
all the equipment you need for suc-
cess and future security as the boss
of your own locksmithing business.

Choose the course that's
right for you

NRI's Master Locksmithing course
covers all the bases. But if you need
only basic locksmithing skills or
want to specialize in automotive
locks or home security servicing,
you now have your choice of four
all-new courses!

To find out how you can take
advantage of the huge market that
exists for locksmiths — and start
earning top dollar in a full- or part-
time business of your own — send
for your FREE four-course catalog

WWW. atmeisarnadiohistery.com

A — v .
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today. If the coupon is missing,
write to NRI Schools, 4401
Connecticut Avenue, NW,
Washington, DC 20008.

MAIL COUPON OR CALL
1-800-321-4634 Ext. 1050

A L

\ IRH <o TN

] McGraw-Hill Continuing Education Center |
4401 Connecticut Avenue, NW |
| Washington, DC 20008 I

! ® Check one FREE catalog only
Q Master Locksmithing includes info on: I
< Basic Locksmithing I
< Automotive Locksmithing I
< Home Security Servicing I
2 Small Engine Repair I
2 Air Conditioning, Heating & Refrigeration |
Q Gunsmithing I
Q Home Inspection I
I
|
I
|
|
|
|

2 Home Remodeling

Name (please print} Age

Address

City State Zip
Acc edited Member, National Home Study Council 17511294
S R s
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MARC SPIWAK

Sounding Off

MULTIMEDIA
WATCH

Trying to predict the
evolution of computer
hardware has become al-
most as futile as asking
what the weather will be
like next week. If somebody
comes out with a 10-gi-
gabyte hard drive that's the
size of a match box next
year, | wouldn't be surprised
in the least. Hardware evo-
lution is happening so fast
these days that it actually
geis boring talking about it.
But, recently, | had to won-
der whether that mad
hardware race does us, the
users of that hardware, any
good at all,

The AK-100 can do wonders for any audio source whether it's of
excellent or poor quality to begin with.

My Gateway 2000 at
home is almost three years
old, atthough it still per-
fectly useable. And the best
thing about it is that | rarely
have trouble getting hard-
ware or software to work
with it. That's because it has
an older 486-DX2/50 moth-
erboard with no VESA or PCI
local bus. What little trouble
| have had is with my accel-
erated video card.

If you are at all familiar
with multimedia, that should

not surprise you. In the race
to get the hottest hardware
on the market, manufac-
turers often deal with
incompatibility problems by
issuing updated drivers. Un-
fortunately, certain
manufacturers, including
the maker of my video
card, are notorious for that,
sometimes issuing new driv-
ers on a monthly basis. It is
relatively easy to get new
drivers as the need arises,
but it is still @ pain to have
to do so.

Whats the point of all of
this? We recently pur-
chased a couple of new
Gateway 2000 P4D-66's for
the office. The machines
are not cutting edge, sport-
ing only a DX2/66 486 CPU,
but each came with a PCI
local-bus motherboard, an
accelerated video card,
and a double-speed CD-
ROM drive. The only thing
that kept those machines
from being top-notch multi-
media systems was the lack
of a sound card. Not a big
deal, | thought, since we
usually have a couple of
demo units laying around.
Then | tried installing one,
and the fun began,

THE ARIA 16

| recently received a
demo unit of what sounded
like a great new sound
card, the Aria 16 from Prom-
etheus. That new sound
card is capable of 16-bit,
44.14-kHz sampling rate, CD-
quality stereo sound. In
addition, it features waveta-
ble synthesis for much
better sound than older fre-
quency-synthesis cards. On
top of that, the card is 100

WWW amenaaaradiahietary com

percent Sound Blaster com-
patible, so it is guaranteed
to work with most software.
But the best thing about the
card is that it has a list price
of only $99 without a SCS
adapter. The higher-priced
Aria 16se model includes,
among other added fea-
tures, the SCSI adapter. In
most set-ups, however, the
SCSI adapter on a sound
card goes unused.

When we tried to install
the card in one of the new
Gateway machines, all
seemed fo be going fine
for a while. But midway
through, the installation soft-
ware hung during the IRQ-
test portion of the setup.
Nothing we did could get
us around the problem,
and tech support could
provide no meaningful
help, aside from telling us
that they had problems
getting the card to work in
Gateway PCl machines.

Curious, we next tried to
install the card in an older
486/50 machine. It installed
flawlessly. It also installed
without a hitch in my
Gateway at home.

The problem was not just
limited to the Aria card.
When we tried a Logitech
SoundMan Wave that in-
stalled effortiessly (and was
still working happily} in that
486/50, the installation soft-
ware would not even load.

That does not mean that
nothing would work in the
new Gateway. The Sigma
ReelMagic MPEG card in-
stalled without a hitch, and
the Sound Blaster section of
that card worked flawlessly.
as did an Advanced Gravis
UltraSound card.
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Compatability problems
like those are nothing new.
And the introduction of new
hardware, software, and
operating systems serves to
just make the situation
worse. Anyway, the Aria
does work very well in my
486/50 at work and in my
older Gateway 2000
DX2/50 at home. It has
good clean sound and has
worked with all the software
I've tried with it. And, for the
moment, the card has a
price that can't be beat.

TOTAL SRS

Last month | talked about
a sound card from Media
Vision that featured a built-
in Sound Retrieval System,
or SRS circuitry. SRS was
originally developed by the
audio division of Hughes
Aircraft Company. | men-
tioned that the first time |
saw SRS being demon-
strated was in a high-end

VOLUME .

The Ocean Life discs from Sumeria will reallv appeat 10

lovers of salnwater fish

Sony TV. The SRS was amaz-
ing; it mode a movie
soundtrack sound full and
surround-sound like from
anywhere | stood. When the
SRS was turned off, the
sound “returned” to the TV
cabinet.

I've got one of SKS Labs
AK-100 Sound Refrieval Sys-
terns at home. if's a
fantastic addition to any
audio, video, or muitimedia
system. That stand-alone
device is about the size of a
VCR, anc it can add dra-

matic special effects to any
audio source, even a mono
signal. The AK-100 sells for
$299, which is a very rea-
sonable price considering
what it can do.

SRS processes sound in
such a way as to account
for how recorded sound
reaches your ears. We don't
have the space to getinto
details here, but SRS adds
depth and realism to
movies, CD’s, CD-ROM’s,
cassette tapes, and more.

I've presently got the
AK-100 hooked up to my
home entertainment sys-
tem because the sound
card in my PC (Media Vi-
sion’s 3D sound card)
happens to have SRS built
in. It livens up any compact
disc or hi-fi video tape,
even though | already have
surround sound added to
the setup. The SRS works
with the surround sound
and gives me even more

INTRODUCING THE NEW
TECHNOLOGY CLOCK'

s« PBIGI14"

The International Color Code not only makes a colorful
clock, but it will teach you in a way you never thought possible.
That's just the beginning of what you'll learn without trying.
You'll know that 6 o'clock is blue. Did you know that 10 o’clock |
is 1010 (Double Ten) in binary? Every time you check the time, ‘
you'll learn without trying, binary, hexadecimal, and the color

code.

You won't need to study or leaf through books, You'll find you

know it...That's what got the patent pending. You'll
want to show it off to your friends, like 1 did...That’s

what got the copyright.

There's more...Ohm'’s Law printed in a way that
will give you the two values, if the other two values

are known; power, resistance, voltage and ohms... This
is why you'll love the “Technology Clock.” En')(ﬁ"

We Accept
MasterCard
and VISA

Hanover Clocks, Inc.
1-800-426-6837

53

« Also ava lable with

1011

ONLY
+$4 shipp ng
& handling

Morse Code

Fax: 910-343-0101
5316 Hwy. 421 North « Wilmington, NC 28401

CIRCLE 169 ON FREE INFORMATION CARD
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o

“I'm the
Inventor, I
made this clock
for myself, but
when my
friends saw it,
they wanted
one too!”

ELECTRONICS - ® 37 =%
= COMPUTERS 1010 & 4 ‘
Dia. yOBBIES, ETC. @

“I'll guarantee you'll like it or I'll

send your money back...”

Chuelee &

©1994
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butons to play with to get
the sound just right.

In addition to SRS, the
AK-100 includes a switch to
frim reverb, a 3D mono fea-
ture to add depth to a
MONO source, a noise fitter,
and a fun-to-watch graph-
ical display of the center
and spatial levels. The dis-
play can work in bar or dot
mode. The unit has line-
level pass-through inputs
and outputs, and a sepa-
rate pair of inputs and
outputs for a built-in loop
that lets you add on to the
unit.

Three controls—Center,
Space, and Level—let you
adjust sound to “fit’ a par-
ticular room and source.
Those three controls, in
combination with the other
special effects, can do
wonders for both lousy and
excellent recordings.
Whether you have a poorly
recorded mono VHS tape
or a digitally mastered
compact disc, the AK-100
can enhance it, but not at
all in the same way that an
equalizer does. All | can say
is that you should listen to
what an AK-100 can do for
your audio. You won't be-
lieve your ears either.

NEW STUFF

I've got a mixture of inter-
esting software this month.
Il start off with Corel Draw
5. That one package is the
complete solution to desk-
fop publishing. If you've got
the right hardware, there’s
nothing that Corel 5 can't
do to process material
bound for print.

To begin with, Corel Draw
lets you draw; shape, color,
dimension, extrude, twist,
and do just about anything
else you can think of to
pictures and text. Of course
you can do simple text edit-
ing as well. The package
also lets you process color
photos. Over 22,000 clip-art
images and 825 fonts are
included. | could go on, but

you get the ideaq.

About the only drawback
I can think of is Corel Draw
5% price. It has a suggested
list price of $695 for the CD-
ROM-only package. and
$895 for the package that
includes 16 diskettes and
the CD-ROM. A free CD-
ROM containing royalty-free
photo samples is also
thrown in. You reqlly have to
need Corel 55 powerful ca-
pabilities to justify the
investment. Of course actu-
al street prices are lower,
and earlier versions of the
product that lack certain
high-end features of version
5 are still being sold at
drastically reduced prices.

Other new software this
month includes two refer-
ence fitles, two health-
related titles, two fish discs,
and some neat games. The
reference titles are Time Al-
manac of the 20th Century
and Bookshelf ‘94,

Time Almanac of the 20th
Century from Compact
Publishing contains an ar-
chive of over 4000 articles
from issues of Time maga-
zine since the beginning of
the century. Audio, video,
and photos are also in-
cluded. The information is
accessed from a decade-
by-decade timeline. The
disc has a list price of
$69.95

Microsofts Bookshelf ‘94 is
a versatile reference disc
that anyone might find
useful at home or work. The
single disc contains up-
dated versions of The
American Heritage Diction-
ary, The Original Rogets
Thesaurus, The Columbia
Dictionary of Quotations,
The Concise Columbia En-
cyclopedia, Hammond
Intermediate World Atias,
The People’s Chronology:
and The World Aimanac
and Book of Facts 1994.
Need | say more? The disc
has a list price of $99.

Heatth-related discs in-
clude PharmAssist and

“Suite 1000

141 MacArhur Boulevard

Corel Corporation
AGR0 Caring Avenua

Oftawa, Ontario
Canada K1Z 887

‘Micrsoft Corporation

Redmond, WA 980562

s Software Marketing Corporation

Tel. 602-893-3377
‘BAS Labs
- Santa Ana, TA 82705

- 329 Bryant St Suite 30

Tel 818-9559990

Bodyworks 3.0, both from
Software Marketing Corpo-
ration. PharmAssist, The
Family Guide to Health and
Medicine, contains every-
thing you need to know
about prescription and
non-prescription drugs. A
phonetic-search feature
lets you look up a medica-
tion even if you don't know
how to spell it. Bodyworks is
devoted to human anat-
omy. The disc lets you
explore the entire body,
multimedia-style. Anima-
tions bring body functions
fo life on your PC. Both discs
retail for $69.95,

| like fish—as pets. I've
had both fresh and salt-

WHERE T0 GET IT
Activision ;
PG Wiishire Blvd.

Log Angetes, (A 80025
Tl 310-473-9200
Coimpact Publizhing

Washinglon, - DC 20006~
Tal. B00-864-1518

Thia Conel Building

Tel, 613-728-8200

Cne- Redmond Way

Tel. 206-BB2-8000

Prometheus Poducts, Ine.
SE24. 5 W, Tualatin Sherwood
Tuatatin, OR 97062
Tel. BO3-592-9600 -

DRA0 551851
Building A:131
Fhoenix. AZ B5044

2909 Daimier St

Tef, BOO-2HEARSD
E.ur"n'eria. niz,

San Francisco, OA 941067
Tal. BDU-4TE_£3?4

Time Warner interactve
2210 Wast Olive Ave
Burbank, CA 91508
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water fish. The saltwater fish
are a lot more interesting.
So naturally | like two new
discs from Sumeria: Ocean
Life Volume Il and Ocean
Life Volume lil. Ocean Life
Volume i, a double-disc set,
focuses on the fish of Micro-
nesia and Ocean Life
Volume lll focuses on those
of the Hawaiian Islands.
These are basically “fish en-
cyclopedias” containing
text, photos, video, and nar-
ration. Ocean Life Il and i
come on Mac/PC discs that
sell for $49.95 each.

Return fo Ringworld is an
adventure game. In it you
must repair a 29th century
spaceship, evade aliens,
and save Ringworld. Be-
sides 3D animation, the
game contains digitized
speech, sound effects, and
a stereo soundtrack. The
game is available from
Time Warner Interactive for
$69.95,

AEGIS: Guardian of the
Fleet is an action game
that puts you in command
of the most powerful and
technologically advancea
warship in the world. The
graphics in this game are
great, and it's very realistic.
The game, also available
from Time Warner Interac-
tive, sells for $89.99.

Also available from Time
Warner Interactive is the
Short Attention Span The-
ater: Dating & Mating. Lots
of famous comedians
(male and female) are
here with plenty of jokes to
tell in live video. Dating &
Mating is $49.99.

Last but not least, Refurn
to Zork from Activision is
now available for Mac

1 users. While | don‘t have a

Mac to play with anymore, |
thought some readers
might be interested to know
about it. It is one of the
most involved games I've
ever seen. The game is per-
fect if you play through
most other games too
quickly. [ ]
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GIZMO’S HOLIDAY GIFT GUIDE -

Christmas is just around the corner, and chances are that you haven’t
even hegun making lists, let alone started shopping for presents. If
you're at a loss as to gift suggestions for the kids, for your wife, for
your parents—and haven’t even decided what to ask Santa to leave

under the tree for you—read on.

We’ve compiled ten pages of ideas from the world of consumer
electronics that will make your holiday merrier—or at least
less stress-filled. We’ve grouped the gift suggestions by family
member, and if our selections seem to be stereotyped—kitch-
en gadgets for Mom, sports-related stuff for Dad—they are!
It’s up to you to use your imagination, and your insights into
the people on your own gift list, to decide who gets what.
The KitchenVision TVCR—or a Smart & Easy Sensor mi-
crowave, for that matter—would make a great gift for a
twenty-something “kid” who is finally leaving the nest

and knows nothing about cooking. A CB Help! package,
which we recommend for Grandma or Grandpa, is a
practical present for anyone who spends time driv-ing

alone. And whoever plans the family vacations

would love Map’N’Go software.

You get the picture. We’ve come up with the
goods—now you mix-and-match them with your
friends and family members, and watch them
smile as they open their gifts!

Keep in mind, also, that we left out many
more items than we could possibly include
in ten pages. If we’ve inspired you to buy

consumer-electronics gifts for your
friends and relatives, visit your local

electronics store to see a
broader selection of gift
ideas, and to comparison
shop on prices and features.

Happy holidays
from all of us at Gizmo!

Gizmo®is published by Gernsback Publications, Inc., 500-B Bi-County Bivd., Farmingdale, NY 11735.
Senior Writers: Chris F. O'Brian and Teri Scaduto. ®Copyright 1994 by Gernsback Publications, Inc.
Gizmo® is a registered trademark. All rights reserved.
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Kids can create their own professional-looking multimedia pre-
sentations, mini-movies, video greeting cards, music videos, and
mini-cartoons with Nickelodeon Director’s Lab on CD-ROM, from
Viacom New Media. Melissa Joan Hart, star of Clarissa Explains It
All, pravides pointers, helping kids to compose music, design back-
grounds, create animations, and edit video in one of three differ-
ent “studios.” Price: $58.99.

for the KIDS,

Remember the early electronic
game, “Simon”? Sega’s PODS, a
futuristic version of that memorization toy, challenges kids to repli-
cate the sound and light sequences that PODS creates. The elec-
tronic toy is activated not by touch, but by holding a hand over its in-
frared sensors at the right height. Players can also create their own
pattern for friends to foliow. Price: $50 (additional sound cartridges,
$10 each).
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Send your kids on journey back
in time, to Egypt in 2500 BC,
with Archibald’s Guide to the
Mysteries of Ancient Egypt
from Swite International, Lid.
The interactive CD-ROM lets
kids tour the pyramids with
Archibald, son of a British ex-
plorer. Along the way, in an ad-
venture deep inside a pyramid,
they can see how mummies
are made, and—best of all—
learn to read, write, and speak
hieroglyphics, so they can cre-
ate secret messages that you
can't understand! Price:
$39.95.
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It you’d rather not subject your kids to the

hours of boring lessons and practice sessions that you went through,
try giving them Harmonic Vision's Music Ace software for begin-
ning music students. It includes fun lessons, challenging games,
and a creative “Music Doodle Pad” for original composition.
Maestro Max and his choir of singing notes use animation, graph-
ics, and sound effects to teach fundamental music skills and
theory. Price: $59.95.

The ComfyKeyboard makes kid-computing more fun, with its large,
colorful buttons and a working telephone built in. The keyboard and
the included animated movie help young children reach higher lev-
els of computer understanding through each session on the key-
board, using familiar shapes, colors, and visuals to invite young
fingers to touch, poke, explore, and learn. Price: $129.
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Your own TV station
for less than $1007?

Recoton’s engineering breakthrough transmits cable, TV, VCR
and satellite programs throughout your home. ..without wires!

By Charles Anton

oday television choices are virtually un-

limited. With cable, satellite TV, videos

and network programing to choose
from, it’s a full-time job just trying to keep up
with everything. And it promises to get worse
from here. Newly developed fiber optic tech-
nology will bring more than 500 TV channels
to your home.

Home broadcasting breakthrough. The
only probiem with aii this technology is the
expense. Now, a newly developed wireless
video broadcasting system gives you the pow-
er to utilize this technology, without the has-
sle and expense of wiring your entire home.

Recoton’s research and development team
brings you the next generation in wireless
broadcasting. The

Recoton’s research and devel-
opment group took advantage
of the 1989 FCC ruling by cre-
ating and introducing wireless
home transmission equipment
that could transmit pictures
and sound in the prescribed
frequency over distances of 150
feet or more.

One transmitter, unlimited
receivers. One transmitter
operates an unlimited number of receivers.
That means one transmitter in the den can
send signals to the TVs in the bedrooms,
kitchen and wherever else. Put your favorite
programs in the places you want them most.

Even more choices.

wireless video broad-
caster enables you to
transmit (re-broadcast)
cable, TV, VCR or satel-
lite programs to any
other TV in your
home, without wires!
Wave of the future.
Never again will you
have to drag your VCR
from room to room, or
have to buy more
than one. With the
wireless video system

videos to any other TV
in your home.
You won'’t have to

worry about running B Live video. Watch your home videos as
you film them. Or turn your camcorder
into a security camera.

cable wire all over the
place either. Besides,
who could afford to
install cable in every
room anyway? With
the wireless video sys-
tem, you won’t have
to. You can even
watch one program on
your main TV and
watch a different pro-
gram or video on the
other. 1t’s like having
a personal broadcast-

Wireless Video Breakithrough...

watch what you want, where you want

B Cable. Broadcast cable channels to the
other TVs in your home that aren’t wired
for cable. .. even premium channels.

B Videos. Transmit VCR signals to rooms
that have no VCRs. Watch videos in any
room of the house, even if someone’s
watching TV in the room with the VCR.

B Satellite programs. Walch satellite
programs throughout your home without
stringing cable everywhere.

you can broadcast B Network programing. If you have a

house full of TVs but only one is hooked

up to an antennae, you can broadcast the
clear signal from that TV to all the others.

Since the system uti-
lizes the latest 900 MHz
frequency signals, no
time-consuming or
complicated wiring is
required. The receiver
can be moved from
one TV to another as
your needs change. Or
the transmitter can
broadcast to multiple
receivers, so that you
can watch the same
program on many TVs
simultaneously. The
transmitter simply
connects to the source
TV; the receivers con-
nect to the others.

Easy-to-use. With
state-of-the-art res-
onator quality, both
the transmitter and the
receiver provide users
with a small, easy-to-
install product that
does not require the
adjustments that com-
petitor’s models do.
This latest version
incorporating space-
age styling with the
latest miniaturized de-

ing system in your
own home- and it’s legal in every state.

Hi-tech home broadcast. Recently, the
Federal Communications Commission allocated
a band of radio frequencies specifically for
wireless, in-home product applications.

sign circuitry, enables
the transmitter and receiver to be substantial-
ly smaller than previous models.

Exclusive direct offer. With this break-
through in home video broadcasting technol-
ogy, you can have the convenience of your

WWW akhrerieanadiahistary com

Size: 10549 foet
Weight: 260 tons
Cost: 53.5 million

Sire: 4.5 nches
Welght: 3 pounds
Cost: 504

o

Home Video
Broadcasting System

TV broadcasting comes to the home.

own personal wireless broadcasting system
for a fraction of the cost of owning your own
TV station. For a limited time, we are offering
the Recoton wireless video broadcasting sys-
tem direct-to-the-public for only $99. Remem-
ber, one transmitter will operate an unlimited
number of receivers, you can order addition-
al receivers for other
TVs for only $59. So or-
der now and put a per-
sonal broadcasting
system in your home.

Risk-free offer. We
are so confident that
you will love the wire-
less video broadcaster
that we back it up with
our “No Questions
Asked” 30 day money-
back guarantee. If you
are not completely sat-
isfied for any reason,
just return it within 30
days for a full refund.
It also comes with a
one year manufactur-
er's limited warranty.

Video Broadcasting
Cost: $99

Cable and vCRs for
every room Cost: $799

Video Broadcasting System.... $99 $9 S&H

Inciudes one transmitter and one receiver.

Additional Receiver. .. ... $59 $7 saH
To receive this special pricing, you must

mention promotional code 172-PL1104

For fastest service call toll-free 24 hours a day

800-992-2966
=2

To order by mail send check or money order for the to-
tal amount including S&H (VA residents add 4.5% sales

tax). Or charge it to your credit card by enclosing your
account number and exp. date.

S
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113

$21U04103|3 JBINdod ‘p66 | J8qWess
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for TEENS,

non-linear. It in-
corporates ele-
ments of strate-
gy, as well as a
driving game,
shooting game,
and maze game.
The ultimate
goal is to rescue
the people on
the island from
the dinosaurs,
and at the same
time to unlock
the sabotaged
poweriess grid.
Price: about $55.

Make your teenagers the envy of all their
friends with a portable, digital MiniDisc play-
er or recorder from Sony MiniDisc promises
audio quality virtually identical to CD’s in a
fraction of the size. The anti-shock features
make them ideal for ese on the go. Through
March 31, 1995, the Walkman player comes
with coupons redeemabte for up to $300 in
prerecorded MD titles. Price: MZ-E2 (play-
only) $549.95; MZ-R2 (record/play) $749.94.

What kid wouldn’t want to add
rude sound effects to his com-
puter? Sound Explosion from
Programmer’s Warehouse has
over 500 sounds to choose from,
including sounds from popular
movies as well as explosions,
horns, buzzers, animal sounds,
human noises, splats, creaks,
squeaks, and, well, you get the
idea. Sound Explosion works
under Microsoft Windows and
adds 30 new events to the Win-
dows sound accessory. Price:
$49.95.

Over 500 incredible Sound Effects

Teens are not noted for their neatness. That’s why a spill-resistand keyboard from /den-
tity Systems Technology, inc. could be a life (or homework) saver. Now those coffee or
cola spills—and all those crumbs—will be stopped by a moisture-proof membrane un-
derneath the keys. Price: $39.95.

It they liked the movie, they’ll love the game. Jurassic Park Interactive from Universal
Interactive Studios plays off the film’s plot and characters, and includes scenes and
music from the movie. It can be played on many different levels, and is completely

For any teen who is tiring of the Sega Genesis or Sega CD videogame
systems, the Genesis 32X upgrade promises to boost the power of
those systems to bring arcade-quality game experiences to ¢he
home. The Genesis 32X has two 32-bit RISC (reduced instruction
set computer) processors to bring

fast processing speed and
the ability to display more
than 32,000 colors and
three-dimensional
graphics. Games for *
the new sysiem will be
priced at about $70.
Price: $150.

Your teen might be driving a piece of junk, but that
doesn’t mean it has to sound like one. Alpine’s tfam-
ily of detachable-face FM/AM cassette players are
filled with such features as full-logic control and a
“SmarTouch” powered mechanism. The Model 7513,
shown here, has a 4-channel output with fader con-
trol. A healthy 25 watts of power is fed to each chan-
nel. It has CD Shuttle controls, so it's ready for the
addition of an Alpine CD changer. Price: $300.

WWW. amersaasadiohistery.com
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Flight simulators take on a new level of realism

with CH Products’ Virtual Pilot, which works just like a

real airplane yoke. Virtual Pilot altaches to a PC through the
game port, and features complete aileron and elevator centrol,
throttle, tactile fire buttons located under the thumbs, and trim con-
trols. Although designed for flight simulators such as Microprose’s
“Fleet Defender F-14 Tom Cat,” Virtual Pilot works with every game
that uses a standard joystick port. Price: $109.95.

If your teenager is having trouble keeping track of his busy sched-
ule, he might welcome a multimedia personal information mana-

ger (PIM). The Personal Daily
Planit series from Media Vi-
sion is available in three fla-
vors, each of which contains
still and video images on a
theme. Planit Earth focuses on
wildlite, Planit Adrenaline is
for the fan of radical sports,
and Planlt Paradise is essen-
tially “Swimwear lllustrated”
on disk. Price: $59.95 for CD-
ROM version, or $49.95 for a
floppy-disk version with
scaled-down features.

Music on-the-go is essential for amy teenager. Sanyo’s COP-67 is a portable
CD player with a twist. Built-in anti-shock technology promises to make it
truly practical to listen to CD’s while on the move. Along with an anti-shock
butyl rubber damper mechanism, the player has a digital aati-shock memo-
ry that compensates for mistracking. The CDP-67 is also a inexpensive way to
add a CD to a car. It comes equipped with a car cassette and power adapter kit.

Price: $199.99.

WWWeadnenocaanadiohietery. ¢

The Key from Lonestaris a mu-
sical instrument that can be
played even by teens who
flunked music class. The
interactive controller is
\ essentially
a synthesizer
that takes infor-
mation from spe-
cially encoded
sources such as a
video tape. The play-
er can modify the
sounds, but can’t play
out of tune! The Key also
conforms to General MIDI
standard, and multiple
units can be combined to
form a “band.” Price: $400.

A teenager with a clean room? It doesn’t
happen very often, but good-looking CD stor-
age systems from Atlantic, Inc. might at least
encourage a teen to get his audio CD’s and
CD-ROM’s oft the floor and into the rack.
They’ll at least eliminate any excuses for
not doing so! The towers and modules can
be used individually, stacked upright, placed
horizontally, or joined side by side. They ¢an
be free-standing or wall mounted, and are
available to store 3%-inch diskettes as well.
Prices: $20 (wall mounted), $25 (free stand-
ing with base].
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The Canon Sure Shot A-1 offers automated point-and-shoot sim-
plicity in a compact sports camera that is waterproof at depths
down to 16.4 feet. The Sure Shot A-1 is a good choice for family ski
trips, camping expeditions, boating, and beach outings. The camera's
focus-free modes allow Mom to concentrate on picture composi-
tion and capturing the moment, as the family goes water skiing,
canoeing, or splashes around the backyard pool. Price: $310.

Mom can sharpen her card-playing skills between bridge-club meet-
ings with the Pro Bridge 510 from Saitek. Built-in coaching features
help players at all levels develop their skills. The device plays all

major bridge systems (including
standard American 4 and 5 card
majors plus six other versions)
and allows users to select from
more than 30 pre-programmed
bidding conventions. Ten skill
levels provide a challenge for
beginners, and club players
alike. The Pro Bridge 510
includes cables for con-
nection to Saitek’s hand-
held model 310, to
allow the two bridge
computers or two
players to play ei-
ther as partners
or opponents.
Price: $399.95.

Modern moms need to keep organized, and Casio’s SF-43008 Busi-
ness Organizing Scheduling System (B.0.S.S.) can help. The digital
diary and organizer has 32KB of memory and includes a schedule
keeper to store appointment times and dates, a full month calen-
dar display with special marks for viewing schaduled appointments
ata glance, a daily alarm and a schedule alarm, and a telephone di-
rectory. Optional cables allow the SF-4300B to be connected to an-
other B.0.S.S. or to a personal computer. Pricz: $109.95.

Between managing a job and raising a family, today’s
busy moms are hard to track down. The Memo Express
pager from Motorola can help them keep in touch with
family members, friends, and co-workers. Thz alphanu-
meric pager features a one-line, 120-character, scrolling
display. Messages are stamped with date, and time of
day, and are saved even when the pager is turned off. The
Memo Express is available in six colors, including “Bi-
mini Blue” and “Totally Teal.” Price: $219.

By masking the disturbing sounds of such household nois-
es, such as stereos or snoring with the soothing sounds of
a tropical rainfall, the pounding surf, or the steady “click-
ety-clack” of a train, Radio Shack’s Sleep Machine might
help Mom relax and fall asleep quickly and naturally. The
home model comes with a pillow speaker for private lis-
tening. Price: home model, $39.99; portable model,
$34.99.

WAL e rcaanadiehisatarv.com
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If Mom, after a hard day, tends to fall
asleep with the TV on, consider giv-
ing her one of Gemini's remote con-
trols with built-in sleep timers. The
Q15 and @50 models allow the user
to preset the sleep-timer function
to turn off the TV after 60 minutes,
whether or not the TV has its own
built-in sleep timer. The slim Q15
controls the basic functions of a
TV or cable box, while the uni-
versal Q50 controls both basic
and special functions of any
four TV's, VCR’s, and cable
boxes. For easy setup, the
remoie controls are pre-pro-
grammed with codes for
most popular equipment.

Just be sure to tell Mom not Health-conscious moms will appreciate
to fall asleep with the re- fresh, fuss-free orange or grapefruit juice,
mote under the covers! with Sanyo’s SJ-200 electric citrus juicer. A

Prices: N/A. built-in spout eliminates spills, and the unit

breaks down into just two removable parts
for easy cleaning. Price: $14.95.

Help Mom spend tess time in the kitchen with one of Sharp’s new
Smart & Easy sensor microwaves. An output power of 1000 watts, re-
duces the cooking time by up to 25% over less powerful microwaves.
The time and power level needed to defrost foods perfectly are de-
termined automatically. Memory Plus stores the most-often-used
cooking times for fast recall, and a child lock prevents kids from
using the microwave when adults are not present. Even culinarily-
challenged family members will be able to reheat leftovers, bake
potatoes, pop popcorn, and cook frozen dinners (each is accom-
plished at the touch of a hutton)—keeping Mom out of the kitchen
completely! Prices: $399.95-$3439.95.

Mom can spend the dreary days of winter designing her
summer garden, with the help of the Befier Homes & Gav-
dens Complete Guide to Gardening CD-ROV from Mulki-
com. It contains the answer to virtually any question cos-
cerning America’s favorite hobby. More than 600 plants,
grouped by categories such as shrubs, buibs, vegetables,
and perennials, are illustrated by over 1500 color phote-
graphs. For beginners as well as experianced gamieners,
the program covers pruning, composting, transpianting,
and pest and disease control. Price: $59.95.

What good is taping a cooking show if you can’t
replay it in your kitchen so that you can cook
along with the pros? GE’s KitchenVision is the
answer. The 13-inch TV with built-in VCR features
a lazy-susan base so the screen will
always be in view whether you’re at
the kitchen counter preparing dinner
or at the kitchen table eating it. It
comes with a free videotape: the Fru-
gal Gourmet’s “Fancy Chicken Dish-
es,” as well as a catalog of hundreds
of cooking and entertaining videos.
The VCR features on-screen pro-
gramming, and a remote control is
included. Price: $499.
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Motorola’s MicroTAC Elite per-
sonal cellular telephone would
make a classy gift for any dad.
Weighing only 3.9 ounces, the
MicroTAC Elite is the world’s
lightest cellular phone. New
lithium-ion batteries provide
up to one hour of continuous
ta¥k time or up to ten hours of
standby time. An internal rapid
“smart” charger optimizes the
required charge rate. An op-
tional digital answering ma-
chine feature provides a up to
75 seconds of message stor-
age time, and an optional
headset jack allows hands-free
use of the phone. A pager-like
feature allows 10 numeric
messages to be stored. Price:
about $800.

Does Dad always get stuck
carrying more than his fair
share of the gear—including
the video camera—on family
outings? Ambico can free his
hands, with the CamPack com-
bination backpack and video
storage “fanny pack.” Made of
natural-fiber, water-resistant
materials, the CamPack keeps extra clothing, maps, and other sup-
plies dry in the large, upper compartment, and safely stores video
gear and accessories in the padded, zip-off, lower compartment.
Price: $35.

When Dad goes off camping or hunting, he can bring along
entertainment with Casio’s CD-TV80, an AM/FM stereo
cassette player/recorder with CD and built-in LCD color
TV. The unit features a 2%-inch TV display, which doubles
as a color monitor for CD functions. Video output and ex-
ternal antenna jacks are provided . Six D batteries power
the unit in the field. Price: $499.95.
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Reuters Money Netwark for Windows from Reality Technalo-
gies will help Dad manage his personal investments. The on-
line service offers personalized recommendations based on
an individualized profile of risk tolerance, liguidity needs,
and securities currently held. Stock quotes, a personalized
“news clipping” service, and online discount trading are avail-
able. Price: $24.95, plus $9.95 per month.

The Videonics TitleMaker 2000 will let Dad turn his home videos
into award-winning documentaries. The TitleMaker 2000 has over
90 different type fonts and sizes for variety, and offers backgrounds,
letters, outlines and borders that can be created with over a mil-
lion colors and patterns. The full keyboard includes accented char-
acters for over 16 languages and special characters. Price: $599.

S cta . com
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Help Dad become a safer driver by slowing down. Uniden’s new
laser/radar detectors will help make him aware of his speed with re-
minders that a radar trap might be just up the road. The LRD 960W-
1 is a four-band laser/radar integrated detector with super wide-
band KA detection. It features a rugged metal case. Price: $249.95.

If Dad is a rabid football fan,
he’s sure to appreciate the
One For All Sports Click-
er line of remaote con-
trols from Universal
Electronics. The football
version comes with a
sheet of different NFL
team logos so that Dad
can mount his favorite
team’s emblem on the
remote. The remote is
shaped like a football
field; a football at the
top of the remote
transmits the infrared
signals. The Sports
Clicker can serve as a
replacement remote
for virtually any re-
mote-controlled TV,
VCR, cable box or CD
player. Price: $39. 95.

Don’t keep Dad in the dark!
The Hi-Gain 500 \antern will
shed light on the darkest of
subjects. Diamond Light In-
dustries, Inc., puts ad-
vanced optics to work in a
flashlight. The patented
lens casts up to 40%
more of the available
light from its four D-cell
krypton bulb system
than competitive prod-
ucts. The lantern is
about 6 inches
square and 2-%
inches thick. It fea-
tures a convenient
tilt bale that dou-
bles as a handle.

Price: $24.95.

If Dad spends his free time on home-improvement projects, he’ll
love getting one of Seiko Instruments’ hand-held electronic mea-
surement devices for do-it-yourselfers. The Home Contractor line
includes the ProMeasure+HC1000, a tapeless device that ultra-
sonically measures room dimensions, znd the ProLevel HC-200,
which has three ways 1o let Dad know if an object is level. Prices:
less than $50 each.

Dad will never have
to give in and ask for
directions if his car
is equipped with
Sony’s GPS Mobile
Navigation System.
The system, which
uses sofiware devel-
oped by Etak, Inc.,
combines Global Po-
sitioning System
(GPS) technology for
moving maps that
track the motorist’s
progress in real time
with instantly accessible travel information about restaurants, ho-
tels, and shopping. Both the maps and the information come on CD-
ROM’s and are displayed on a five-inch color LCD screen. The sys-
tem comes in two versions: the installable NVX-F15 and the
transportable 6PX-M1, which can be taken home for pre-trip route
and activity planning. Prices: N/A.

Help Dad stay fit by making his workouts fun, with the Life Fitness
Entertainment System from Life Fitness and Ninfendo. The system
includes a Lyfecycle aerebic trziner thal hooks up to a Super NES
system (not includ-
ed). Special soft-
ware, such as a
rough-and-tumble
road race game
called “Mountain
Bike Rally,” re-
sponds directly to
the bike’s resistance
and the player’s ped-
alling, speed, and
steering. “Program
Manager” software
lets Dad track his
progress over time.
Price : $700.

WWW-adnernaaansadiohietary- com
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A veteran of World War I, might appreciate Novalogic’s WolfPack,
submérine simulation software. Seventy challenging missions al-
lows users to experience battles between German U-boats and U.S.
destroyers. The historically accurate software is available in either
CD-ROM or floppy-disk versions. Price: $39.95.

Grandparents who love to travel will appreciate Map’N’-Go travel-
planning software from DeLorme Mapping. The CD-ROM confains a
comprehensive map database combined with intelligent reuting
capability, and a database of more than 31,000 hotels, inns, camp-
grounds, restaurants, and points of interest throughout the U.S.,
Canada, Mexico, and the Caribbean. Price: $49.
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One complaint that

is common for many older
people is the difference in the volume levels of TV programs and
commercials, or between scenes in movies. Brookline Technolo-
gies’ Volume Stabilizer increases the volume of soft sounds and
decreases the volume of loud commercials. A single front-panel
control allows the user to adjust the fevel of volume stabilization.
Price: $129.50.

Let your grandparents keep track of

changing weathzr conditions with the BA-212 home weather fore-
caster from Oregon Scientific. The unit features a four-line LCD that
shows current conditions plus a forecast for the next 12 to 24 hours.
An audible alarm warns of dangerous storms. Price: $29.95.

Any grandparents who love to watch home videos of their grand-
children will appreciate the GVR-DD1 VH8 8mm/VHS VCR dubbing
deck from Goldstar. It allows an 8mm camcorder tape to be copied
easily onto a VHS tape. Available special effects include varialile
slow motion, stifl/freeze frame, frame advance, double speed play,
and advanced editing functions. Price: $899.95.

Cobra’s 35EM SOS Kit contains an ultra-compact 40-channel CB
radio, microphone, magnetic-mount antenna, emergency “Send
Help” flag, jumper cables, and a carrying bag. It can be powered
through a car’s 12-volt cigarette lighter plug, or by AA batteries.
The CB can provide enjoyable companionship on long road trips,
and extra peace of mind. Price: $79.95.
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TECHNOLOGY UPDATE

900 MH:z breakthrough!

New technology launches
wireless speaker revolution. ..

Recoton develops breakthrough technology which transmits
stereo sound through walls, ceilings and floors up to 150 feet.

By Charles Anton
f you had to name just
I one new product “the
most innovative of the
year,” what would you
choose? Well, at the recent Internationai
Consumer Electronics Show, critics gave Recoton’s
new wireless stereo speaker system the Design
and Engineering Award

Crisp sound throughout your
home. Just imagine being able to
listen to your stereo, TV, VCR or CD
player in any room of your home with-
out having to run miles of speaker wire.
Plus, you’ll never have to worry about range
because the new 900 MHz technology allows
stereo signals to travel

for being the “most in-

over distances of 150 feet

novative and outstand-
ing new product.”
Recoton was able to
introduce this whole
new generation of
powerful  wireless
speakers due to the ad-
vent of 900 MHz tech-
nology. This newly
approved breakthrough
enables Recoton’s wire-
less speakers to rival the
sound of expensive
wired speakers.
Recently approved
technology. In June
of 1989, the Federal
Communications Com-
mission allocated a
band of radio frequen-
cies stretching from 902
to 928 MHz for wireless,
in-home product ap-
plications. Recoton, one

150 foot range through walls!

Recoton gives you the freedom to lis-
ten to music wherever you want. Your
music is no longer limited to the room your
stereo is in. With the wireless headphones
you can listen to your TV, stereo or CD
player while you move freely between
rooms, exercise or do other activities. And
unlike infrared headphones, you don't have
to be in a line-of-sight with the transmit-
ter, giving you a full 150 foot range.

The headphones and speakers have
their own built-in receiver, so nc wires are
needed between you and your stereo. One
transmitter operates an unlimited number
of speakers and headphones.

e,

L
#| o

+

b o #

Recoton’s transmitter sends music through walls
to wireless speakers over a 75,000 square foot area.

or more through walls,
ceilings and floors with-
out losing sound quality.

One transmitter, un-
limited receivers. The
powerful transmitter
plugs into a headphone,
audio-out or tape-out jack
on your stereo or TV comr
ponent, transmitting mu-
sic wirelessly to your
speakers or headphones.
The speakers plug into an
outlet. The one transmit-
ter can broadcast to an ur-
limited number of stereo
speakers and headphones.
And since each speaker
contains its own built in
receiver /amplifier, there
are no wires running from
the stereo to the speakers.

Full dynamic range.
The speaker, mounted in

of the world'’s leading wireless speaker man-
ufacturers, took advantage of the FCC ruling
by creating and introducing a new speaker
system that utilizes the recently approved fre-
quency band to transmit clearer, stronger
stereo signals throughout your home.

a bookshelf-sized acoustically constructed cab-
inet, provides a two-way bass reflex design
for individual bass boost control. Full dynamic
range is achieved by the use of a 2" tweeter
and 4" woofer. Plus, automatic digital lock-in

AWARD WINNING WIRELESS SPEAKER

Built-in recciver  Volume Power Tuning Tiarted ports Don’t take our word for it. Try it yourseif
and amplifier: ,.-""'f P We're so sure you'll love the new award-winning
The wireless - ,—"";f e Recoton wireless speaker system that we offer
speaker and ,,--"""Ff 4" woofer you the Dare to Comp: Speaker Chalk
headdphones ,_x""’f Compare Recoton's rich sound quality to that of
bo:' .;:",' — _'_,-"'/ Indisdual left, right any $200 wired speaker. If you're not completely
:‘ T:‘;l’;::n . ’zl;:‘gzxzzm’: convinced that these wireless speakers offer the
amplifier. control {on back) Sl o_ms‘and,mg
Signals are sound quality as wired
picked up and P S;Zf" 9Hx G:W ";’i; speakers, simply retum

il tgnai-to-noise ratio. iy
,',;";,’,i";;”f;’o Channel Separation: 30 0B 'ah?:‘l Iw_":g' é?j:i{;':s'
feet away Two-way bass reflex design .
through walls 10 uml;/channel RRI\;iS amps Asked” refund.
without the rEgIEncy Respanse: ’ i
i S | ot
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Breakthrough wireless speaker design
blankets your home with music

tuning guarantees optimum reception and
eliminates drift. The new technology provides
static-free, interference-free sound in virtual-
ly any environment. These speakers are also
self-amplified; they can’t be blown out no mat-
ter what your stereo’s wattage.

Stereo or hi-fi, you decide. These speak-
ers have the option of either stereo or hi-fi
sound. You can use two speakers, one set on
right channel and the other on left, for full
stereo separation. Or, if you just want an ex-
tra speaker in another room, set it on mono and
listen to both channels
on one speaker. Mono
combines both left and
right channels for hi-fi
sound. This option lets
you put a pair of speak-
ers in the den and get
full stereo separation or
put one speaker in the
kitchen and get com-
plete hi-fi sound.

These wireless stereo
headphones have a
built-in receiver.
Factory direct savings. Our commitment
to quality and factory direct pricing allows us
to sell more wireless speakers than anyone!
For this reason, you can get these speakers far
below retail with our 30 day ”Dare to Compare”
money-back guarantee and full one year man-
ufacturer’s warranty. For a limited time, the
Recoton transmitter is only $69. It will operate
an unlimited number of wireless speakers
priced at $89 and wireless headphones at $59
each. Your order will be processed in 72 hours
and shipped UPS.

Recoton Transmitter (you must have a transmitter
to operate speakers and headphones)...........$69 $7 S&H
Wireless products compatible with the Recoton transmitter:
Recoton Wireless Speaker............... $89 $9s8H
Recoton Wireless Headphones..... $69 $6 saH
Please mention promotional code 185-PL1103
For fastest service call toli-free 24 hours a day

800-992-2966
R =

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

COMTRAD
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113

$21U0J98|T Jendod ‘P66 1 18queoeg
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We've never met a family that could agree
on what music to listen to. Fisher’s Studio
24 comes to the rescue by storing up to 24
CD’s by user names or categories. Mom and
Dad can have their own categories, and the
kids can share a third. Each CD can be stored
in a mair category and a subcategory, so
that if Dad likes some of the kids' music, he
can program the Studio 24 to include those
discs in his listening. The Studio 24 loads
the discs vertically in a turntable arrange-
ment, and protects the loaded discs from
dust. It’s about twice the height of a stan- =
dard audio component. Price: $499.95. j

for the Family

Capture the family on
videotape with the
Sharp Viewcam VL-
H400U. This second-
generation Viewcam
lets viewers see
everything they re-
cord on a four-inch
color LCD screen, and
provides a instant on-
the-spot playback of

videos. Because the
camcorder doesn’t
have to be held up to
the face, it atfows

Putting together a com-
plete home-theater sys-
tem can be a confusing task for many consumers, but
Quasar’s HT1000 home-theater system makes it easy.

videographers to be pari of the action. With the ability to record with a 16:9 as-  The system combines a 60-watt-per-channel AM/FM
pect ratio, the camcorder is ready for tomorrow. An optional TV-tuner pack is Dolby Pro-Logic A/V receiver with front, center, and
available to turn the camcorder into a travel TV. Price: $2199. rear speakers, a 27- or 31-inch Quasar TV with Black

Tint Tube for high-contrast, a VHS Hi-Fi VCR, and even
an attractive cabinet with enough storage to expand
the system. Price: $2788 (with 27-inch TV) $3399 (with
31-inch TV).

The Bose Lifestyle 12 provides home-theater sound
that can be heard but not seen. Five matched Acousti-
mass double-cube speaker arrays, each separately
powered, provide uniform coverage for left, right, cen-
ter, and surround channels. An Acoustimass bass mod-
ule can be hidden from view. The control center is a
small silver-toned component that houses a CD play-
er, AM/FM tuner, and the electronics to control other
program sources and multiple rooms of powered loud-
speakers. The entire system is packaged in one box
and is easily assembled. Price: $2200.

From the kids’ homework to Mom’s bill payments to
Dad’s take-home work, the new AST Advantage! com-
puters can do it all. Plus, installed AST Works soft-
ware makes it all easy. The computer even acts as a
full-time fully equipped receptionist that can screen
calls, take messages, send, receive, and forward faxes.
It becomes a family’s message center. A host of pro-
ductivity software is bundled with the computer, which
also plays games, of course! Price: N/A.
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Eight new Zenith TV models are the first in the industry to offer an
essential tool for a 500-channel TV universe: an interactive pro-
gram guide. The StarSight Telecast guide can be customized to
show you just what you’re looking for—just sports, for example.
Channel surfers will appreciate the system, too. Each time a new
station is tuned, the guide displays the channel name, program,
and the time remaining in the program—even if a commercial is
on at the time. Price: Starting at $799.

Your family can be the first on your block to have a new way to
watch movies with the Technics SC-VC10Video CD player. The new
format—which delivers up to 74 minutes of digital audio and full-
motion digital video on a compact disc—is based on MPEG-1 (Mov-
ing Pictures Experts Group) technology. The SC-VC10 aiso plays
standard audio CD’s and graphic CD’s (CD+G), and is equipped with
a tuner, tape deck, remote control, and three-way speakers. Price:
$1199.95.

Families who still haven't figured out how to program their VCR’s will
appreciate the Sony SLV-770HF. The VCR is designed to receive a
special signal broadcast by PBS member stations that promises to
put an end to the flashing 12:00. The VCR could end up being the
most accurate clock in the house! It also offers Hi-Fi stereo capability
and MTS stereo TV reception. Price: $599.

Sure to be one of the hottest gifts of the holiday systenn is the RCA
Digital Satellite System or DSS. DSS promises to bring digital-qual-
ity audio and video to everyone in the continental U.S. The system’s
18-inch satellite dish and set-top receiver offer a real alternative
to cable TV. Popular cable channels are available, as; are dozens
of pay-per-view movies. Price: Starting at $699. Program sub-
scriptions from $5.95 to $34.95 per month.

You've been putting off buying that
big-screen projection TV for the
family because you thought you
just didn’t have a room big
enough? Well, maybe. Toshiba’s
redesigned TheaferView line of
48- and 55-inch rear projection
TV’s will change your mind. They
have and such features as four-
channels digital sound process-
ing, Dolby Surround Sound, pic-
ture-in-picture, and more. The
cabinets for 48-inch modeis are
less than 20 inches deep, and the
new 55-inch sets have a cabine!
depth of only 22% inches—aboul
the same as many 27-inch direct-
view TV sets! Prices: from
$3299.95 to 3799.95.

WWW. atneisarnadiohisterv.com
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ALPINE ELECTRONICS, INC.
19145 Gramercy Place
Torrance, CA 90501

Tel: 3°10-326-8000

AMBIC;0

2950 1.ake Emma Rd.
Lake Mary, FL 32476
Tel: 4()7-333-8900

AST RIESEARCH, INC.
16215 Aiton Parkway
P. 0. Blox 19658
Irvine,. CA 92713-9658
Tel: 8(10-876-4278

ATLANTIC, INC.

10240) Matern Place

Santa Fe Springs, CA 90670
Tel: 3110-903-9550

BOSE CORPORATION

The Mountain

Framingham, MA 01701-9168
Tel: 81i0-444-BOSE

BRODIKLINE TECHNOLOGIES
2035 (Carriage Hill Rd.
Allison Park, PA 15101

Tel: 810-366-9290

CANOMU.S.A., Inc.

One Canon Plaza

Lake Success, NY 11042
Tel: 51 6-488-6700

CASIO, INC.

570 Mt . Pleasant Road
Dover, NJ 07801

Tel: 201-361-5400

CHPR{DUCTS

970 Pairk Center Drive
Vista, (’A 92083

Tel: 614-598-2518

COBRA ELECTRONICS CORPORATION

6500 WI.. Cortiand Street
Chicago, IL 60635
Tel: 31:2-889-8870

COMFY INTERACTIVE MOVIES
P. 0. Boic 23616

Tel Aviv, Israel 61231

Tel: 972--3-5254039

DIAMON!D LIGHT INDUSTRIES, INC.
3191-A Airport Loop Drive

Costa Me sa, CA 92626

Tel: 714-850-9602

FISHER

21350 La ssen Street
Chatswor th, CA 91311-2329
Tel: 818-1198-7322

GEMINI {INDUSTRIES, INC.
215 Entin Road

P.0.Box 1115

Cliften, NJ 07014

Tel: 201-:171-9050

GOLDSTAR ELECTRONICS INTL, INC.
1000 Sylvan Ave.

Engiewoc.d Cliffs, NJ 07632

Tel: 201- 316-2000

MANUFACTURERS LIST

HARMONIC VISION, INC.
906 University Place
Evanston, IL 60201

Tel: 708-467-2395

IDENTITY SYSTEMS TECHNOLOGY
1235 W. Trinity Miils Road
Carroliton, TX 75006-1365

Tel: 214-323-4600 or 800-723-8258

LIFE FITNESS

10501 W. Beimont Ave.
Franklin Park, IL 60131
Tel: 708-288-3300

LONESTAR TECHNOLOGIES, LTD.
920 South Oyster Bay Road
Hicksville, NY 11801-3518

Tel: 516-939-6116

MEDIA VISION MULTIMEDIA PUBLISHING

47300 Bayside Parkway
Fremont, CA 94538
Tel: 510-770-8600

MOTOROLA CELLULAR GROUP
600 North U.S. Highway 45
Libertyvilie, IL 60048

Tei: 1-800-331-6456

MOTOROLA PAGING DIVISION
1500 Gateway Bivd.

Boynton Beach, FL 33426-8292
Tel: 407-364-2960

MULTICOM PUBLISHING, INC.
1100 Olive Way

Suite 1250

Seattle, WA 98101

Tel: 206-622-5530

NOVALOGIC, INC.
19510 Ventura Bivd.
Tarzana, CA 91356
Tel: 818-774-0600

OREGON SCIENTIFIC, INC.

18383 South West Boones Ferry Rd.

Portiand, OR 97224
Tel: 503-639-8883

PROGRAMMER'S WAREHOUSE
8283 N. Hayden Road

Suite 195

Scottsdale, AZ 85258

Tel: 800-323-1809

QUASAR COMPANY
1707 N. Randall Road
Elgin, IL 60123-7847
Tel: 708-468-5600

RADIO SHACK

700 One Tandy Center
Fort Worth, TX 76102
Tel: 817-390-3300

RCA DSS

10330 North Meridian Street
Indianapolis, IN 46290-1024
Tel: 800-898-4DSS

REALITY TECHNOLOGIES, INC.
2200 Renaissance Bivd.

King of Prussia, PA 19406-2755
Tel: 215-277-7600

MAANA S oricanradiohietar ~AMm

SAITEK INDUSTRIES LTD.
2291 W. 205th St., Suite 101
Torrance, CA 90501

Tel: 310-212-5412

SANYO

21350 Lassen Street
Chatsworth, CA 91311-2329
Tel: 818-998-7322

SEGA OF AMERICA, INC.

255 Shoreline Drive, Suite 200
Redwood City, CA 94065

Tel: 415-508-2800

SEIKO INSTRUMENTS USA INC.
2990 West Lomita Bivd.
Torrance, CA 90505

Tel: 800-873-4508

SHARP ELECTRONICS CORPORATION
Sharp Plaza

Mahwah, NJ 07430-2135

Tel: 1-800-BE-SHARP

SONY

1 Sony Drive

Park Ridge, NJ 07656
Tel: 201-930-1000

SWFTE INTERNATIONAL, LTD
Stone Mill Office Park

722 Yorkiyn Road

Hockessin, DE 19707-8701
Tel: 302-234-1740

TECHNICS

One Panasonic Way
Secaucus, NJ 07094
Tel: 201-348-7000

THOMSON CONSUMER ELECTRONICS
10330 North Meridian Street
Iindianapolis, IN 46290-1024

Tel: 317-587-1351

TOSHIBA AMERICA, INC.
82 Totowa Road

Wayne, NJ 07470

Tei: 201-628-8000

UNIDEN AMERICA CORPORATION
4700 Amon Carter Bivd.

Fort Worth, TX 76155

Tel: 817-858-3300

UNIVERSAL ELECTRONICS INC.
1864 Enterprise Parkway

West Twinsburg, OH 44087

Tel: 216-487-1110

UNIVERSAL INTERACTIVE STUDIOS
100 Universal City Plaza

Universal City, CA 91608

Tel: 818-777-5400

VIACOM NEW MEDIA
1515 Broadway

New York, NY 10035
Tel: 212-285-6000

VIDEONICS

1370 Deli Ave.

Campbell, CA 95008-6604
Tel: 408-866-8300

ZENITH ELECTRONICS CORP.
1000 Milwaukee Avenue
Gienview, IL 60025

Tei: 708-391-8181
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TECHNOLOGY UPDATE

How to get surround
sound without buying

the theater. ..

Chase Technologies brings you an amazing new
surround sound decoder that turns your stereo

into a multi-channel home theater.

By Charles Anton

s much as T love renting videos, it's just
Anot the same as seeing a movie in a
theater. I remember the first time I saw
Jurrasic Park. 1 nearly jumped out of my seat
when the dinosaurs roared. One of the reasons
movies seem so real is because surround sound
makes it seem like you're actually there when
events are happening. Now there’s an incredi-
ble new device that

signals in stereo sound-
tracks. Because the circuit
was patented, it was only
available on expensive
Hafler products. Now
that the patent has expired, Chase can make this
amazing decoding system available at a frac-
tion of the cost of other systems!
Breakthrough. The

lets you use a stereo
receiver to get that
same surround sound
in your home.

It takes more than
four speakers to get
surround sound; there
needs to be a way of
separating the signals.
The new Chase Tech-
nologies HTS-1 de-
coder does just that,
and in a revolution-
ary way that rivals the
best Dolby Pro-Logic
and THX systems.

Wins over critics.
Gary Reber, editor
and publisher of the
most authoritative
magazine on home
theater systems, Wide-
screen Review, stated,
“...passive matrix de-
coders such as the
new Chase HTS-1
work great as Dolby
Surround™ extrac-
tors, and sound ex-
ceptionally natural
when used for sound-
tracks and music.”
Passive circuit. In 1972, legendary
audio pioneer David Hafler invented a pas-
sive circuit to extract the “L minus R” difference

Submerge yoursall
In rich surround
sound.

The secret of surround sound

Surround sound has become the rage of the
90’s because it adds depth and realism to
stereo sound, giving you the home theater
experience. It makes you feel like you're ac-
tually at a concert or theater. To “fill a room”
with surround sound, you need more than two
channels. The HTS-1 provides four channels
of sound from any two-channel stereo source.

Free center channel. By connecting your
VCR or laserdisc player to your TV, you get
sound from your TV speaker; this acts as the
fifth or “center channel.” Adjusting your TV's
volume gives you as much or as little “center
channel” localization as you desire, without
extra speakers or amps. There are also no
extra costs with the “fifth” channel. When used
with the HTS-1, you'll have a true state-of-
the-art five-channel system.

HTS-1 is able to decode
the Dolby Surround™
signal in a videotape or
laserdisc because the
spatial and depth cues
have been matrixed
into the “L minus R”
portion of the two-
channel stereo sound-
track. By decoding
passively, the HTS-1
avoids costly and noisy
signal processing. Plus
you don’t need any
additional amps! Just
connect the HTS-1 to
your existing stereo
system, add two speak-
ers for the rear, and
you’ll experience the
magic of home theater
at a fraction of the cost.

Concert sound. The
HTS-1 also decodes the
ambience found in all
music recordings. This
sense of space, or “con-
cert hall acoustics,” is
present in all CDs and
cassettes, especially live
recordings. John Sunier,
the leading authority on

surround sound and producer of
Audiophile Audition, a nationally syn-
dicated radio program for audio

THE PASSIVE ADVANTAGE

ﬂ Passive. Chase Technologies’ passive
home theater system eliminates signal
processing, yielding better
clarity and detail.
The effects sound
amazingly real.

The HTS-1 decoder
makes your movies
come to life.

Active. All Dolby Pro-Logic decoders
(even the built-in units) are active, mean-
ing they decode and amplify
the signal electronically.
Noisy and expensive signal
processing actually degrades
the home theater experience.
It's like putting a blanket
over your speakers.

WWW amerocaanadiohietary com

$79 HOME THEATER

SURROUND ¢ SOUND
BREAKTHROUGH

enthusiasts, says, “...the new Chase HTS-1,
when used to decode the hidden ambience in
all musical recordings, definitely outperforms
all the Dolby and THX processors (which could
cost you up to $3,000)... I am impressed!’

Easy installation. Hooking up the HTS-1 is
easy. Simply connect the speaker outputs of
vour receiver
or amp to the
HTS-1, then
connect speak-
er wire to the
front and rear
speakers. The
rear channel
speakers don’t
have to be big.
In fact, we rec-
ommend the
Chase ELF-1 in
either black or white finish to match your decor.
They can be mounted with enclosed color-
matched mounting brackets or can be flush
mounted on the wall. They are also water and
weatherproof; they can be used indoors or out.

he ELF-1 rear channel
speakers integrate perfectty
with the HTS-1

Risk-free home trial. Let's face it— the best
way to evaluate surround sound is in your
home, not in a showroom. That's why we're
offering this risk-free home trial. We're so sure
you'll be delighted with the quality of these
products and the surround sound experience
that we are giving you 30 days to try them for
yourself. If they’re not everything we say,
return them for a complete “No Questions
Asked” refund.

HTS-1 Homre Theater Decoder. $79 $9 83H

Speakers designed by Chase for the HTS-1

ELF-1 Rear Channel Speakers $99 310 SaH
Please mention promotional code 1M6-PL110S

For fastest service call toll-free 24 hours a day

800-992-2966

= =
To order by mail, send check or money order for the
total amount including S&t} (VA residents add 4.5% sales

tax.) Or charge it to your credit card, enclosing your
account number and expiration date

—REESTRER
INDUSTRIES

2820 Waterford Lake Drive Suite 106
Midlothian, Virginia 23113
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IC ENGINEERING

DIGI-FIELD

FIELD-STRENGTH

METER

CIRCLE 118 OM FREE INFORMATION CARD

Monitor RF and microwave radiation levels with this inexpensive field-strength meter.

are all constantly exposed to radi-

ation from many sources. Every
day, we sit 100 close to television sefs,
work too long at computers, and stare
into microwave ovens, without much
concern for what that radiation might
be doing to our health.

We must have at least some faith in
the rules and reguiations that govern
legal radiation-emission levels on
such everyday consumer items. How-
ever, its quite possible that a TV set,
computer monitor, or microwave
oven is defective in some way, and
that its radiation output could be a
health concern.

Fortunately, there is an easy and in-
expensive way to assess the amount
of RF and/or microwave radiation in
your home or workplace—the Digi-
Field field-strength meter from I.C. En-
gineering (16350 Ventura Blvd., Suite
125, Encino, CA 91436, 818-345-1692).
The Digi-Field comes in two basic
modeis that sell for $139.95 apiece. A
deluxe model that combines the fea-
tures of both sells for $185.00.

I n this modem day and age, we

A Closer Look. The two basic mod-
els differ only in their sensitivity and

intended use. "Model B” is sensitive
down to 2 nanowatts and is ideal for
testing low-level radiation sources
such as computer monitors. For high-
level sources, such as amateur-radio
tfransmitters, “model A” is a better
choice. Although only sensitive down
to 160 nanowatts, it can handie
power levels that would swamp
model B. The deluxe "model C” is a
switch-selectable unit that lets you
choose between the two sensitivity
levels.

An included rod antenna attaches
o ajackon top of the unit and can be
extended as needed to increase or
decrease sensitivity; the unit can also
be connected directly to cables and
used as a relative signal-strength
meter via that jack. The Digi-Field has
a frequency response from DC to 12
gigahertz.

The hand-held unit is powered by a
9-volt battery. Its 3%2-digit LCD reads
from 0.00 to 19.99, providing a relative
indication of radiation power levels.
The display also includes a low-bat-
tery indicator. Charts included with
the meter can be used to determine
the dBm measurement associoted
with the LCD reading at frequencies

WWW_ akhrerieaniadiahictary com

from 250 kilohertz to 1 gigahertz.

in addition to the readout, the Digi-
Field produces a signal that is propor-
tional to the level of the detected ra-
diation. That signal is available at an
output jack on the side of the meter.

Some Applications. Depending on
distance and power levels, both basic
models are useful for working with an-
tennas, whether it be designing them,
adjusting them, or experimenting with
them, atthough model A is obviously
better suited for close-range work
with fairly high-power transmitters.
Among other things, an antenna’s ra-
diation pattern is easy to observe with
the Digi-Field.

Other applications for the Digi-Field
inciude checking losses on TV coaxial
cable and other transmission lines. At
home, for instance, you could use the
meter to see the effect that splitting
your TV cable into multiple paths has
on signal strength.

You probably have a microwave
oven at home, but are you sure that
the seal on the door is working and
that you arent being exposed to
harmful microwaves? While checking
amicrowave oven atrandom with the
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Take control of your
future with electronics
training from CIE.

Learninyour own home,
atyour own pace.

With training from CIE, you could be
working at the job you want, earning the
money you deserve. CIE lets you learn
electronics right in your own home, at
your own speed. You can complete your
CIE coursework while you're stifl at your
current job. You can complete it as fast or
as slowly as you choose. And the faster
you finish, the more CIE can help you
save money.

Take your placeonthe
Information Superhighway.

CIE training or a CIE degree will qualify
you to be part of one of the hottest,
fastest-growing fields around —
electronics. And you'll play a major role
in keeping the nation's much-discussed
information Superhighway up to speed
and running smoothly.

Learn from the world leader
in home-study electronics.

At CIE, we teach electronics, and nothing
but electronics. We're not only the biggest
home-study electronics school, but also the
best. And why not? We've been teaching

it for 60 years. We've graduated more than
150,000 people from over 70 countries.
And we're fully accredited. That's why
employers and CIE graduates alike know
the value of electronics training from CIE.

Concentrate onyourown
area of interest.

CIE gives you 12 courses and a proven
degree program to choose from. CIE
training qualifies you for work in broadcast
engineering, communications systems,
digital logic and systems training, automo-
tive electronics, computer maintenance,
microprocessor technology, and much

Learn electronics from the world leader, right in
your own home.

more. In fact, CIE pioneered the very first
Electronic Laboratory course and the first
Microprocessor course.

Even if you're not sure what you'd like
to specialize in, we can get you started on
the basics. And once you've successfully
completed one CIE course, you can apply
academic credits and tuition credits to any
new CIE courses you take. Each and
every CIE course counts toward earning
your degree.

A patented method of
personalized instruction.

Through CIE’s exclusive AUTO-
PROGRAMMED® teaching method, your
instructors give you prerecorded, easy-
to-follow, step-by-step instructions. Some
courses are geared toward beginners
and some toward professionals already
familiar with the electronics field.

No matter which course you take,
you'll have everything you need to learn on
your own at home: lesson guides, books,
even lab equipment. All materials you can
use at your current job or keep for your
new job after you've earned your degree.

WWW armnenaaaradiaohietary com

And if you ever need any help at all, just
call your instructor toll-free.

What are you waiting for?
Isn't it time you joined one of the fastest-
growing professions around? Isn't it
time you earned a salary well above the
naticnal average? Then now’s the time
to find out more about CIE.

Contact CIE today for more
information.

Call us toll-free at 1-800-243-6446, or
call 216-781-9400. You may also fill out
the attached postage-paid card or the
coupon below and drop it in the mail, or
fax it fo CIE at 216-781-0331. We'll send
you our FREE 40-page CIE home study
course catalog with details on CIE
courses and the CIE associate’s degree.

Take Control
Of Your Future.

Send me a FREE CIE course
catalog and details on a CIE
associate’s degree.

(Please Print Neatly)

Name

Address_

City

State, Zip

Phone  ( )

-
Ik
-
1776 East 17th Street « Cleveland, Ohio 44114

A School of Thousands. A Class of One.
| Since 1934.

Age
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DriveRight
Provides Peace Of

Mind When Employees
Drive Your Vehicles

Do you need a way of monitoring your
employees' driving habits that is more
reliable than a “How's My Driving” sign?
Equip all your vehicles with the Davis
DriveRight. DriveRight monitors speed,
acceleration, deceleration, and distance
travelled to give you an accurate picture
of how the vehicle is used. You can bet
it'll improve driver safety!

Stored Data for Each of 10 Days

* Max speed with time occurred

* Amount of time speed exceeded
set limit

* Max acceleration with time
occurred

* Number of times acceleration and
deceleration exceeded set limits

¢ Total distance travelled
¢ First and last time vehicle moved

* Total time vehicle in motion

Plus!

* Alarms for speed, acceleration,
and deceleration

» Password protection
» Tamper indicator
¢ No data lost if power is removed

« Sort, print, and graph data using
optional DOS software package

1-800-293-2847

M-F 7 a.m. to 5:30 p.m. Pacific Time ¢
FAX 1-510-670-0589 « M/C and VISA
One-year wamanty * 30-day money-back guarantee

Davist....

3465 Diablo Avenue, Hayward, CA 94545 U.S.A.

Digi-Field won't tell you much (you just
get a reading from 0 to 19.99), you
can compare the reading from your
oven to the readings from many
others. You could also check the read-
ing when your oven is new, and
periodically check to see that the
reading is similar. The same kind of
tests can be done with your TV and
computer monitor, and you can also
determine a safe viewing distance for
those appliances.

Another application for the Digi-
Field is in testing RF transmitters. Some-
times it's hard to determine whether
its a transmitter or receiver that's not
working. Say, for example, your
garage-door opener won't work. The
Digi-Field can quickly tell you if the
fransmitter is producing an output—
or if that output is weak (perhaps due
o old batteries).

Sniffing. We've been discussing ap-
plications for the Digi-Field where
some kind of radiation is expected.

CIRCLE 162 ON FREE INFORMATION CARD

COMPONENTS

Whether you order 1 part or
all 47,114... MOUSER stocks
and...ships same day!!

CALL... (800) 992-9943

oficiasl.  for your
=5 FREE
CATALOG

-
2401 Hwy 287 N.
Mansfield, TX 76063

MOUSER

ELECTRONICS
Sales & Stocking Locations Nafiorwide

CIRCLE 1683 ON FREE INFORMATION CARD

But what about sources that you don't
expect? For example, have you ever
had some kind of intermittent inter-
ference with your radio or TV? What
causes it? The computer? The re-
frigerator? A neighbors ham-radio
equipment? The Digi-Field can be
used to sniff out interference from ary
of those sources.

Are you afraid you're being
bugged? The Digi-Field can calm
your fears, as model B makes it a sim-
ple matter to track down any hidden
RF transmitter,

Some Hands-on Tests. We had the
opportunity to evaluate the model B
meter, and found some interesting re-
sults. To begin with, the unit is not sen-
siive to 60-hertz AC, as we got no
reading with the antenna touching a
lit 60-watt light bulb. That is good, be-
cause otherwise readings would be
thrown off from just about everything
that plugs into a wall outlet.

With the antenna fully extended,
the unit measured nothing from a TV
set until it was about 2 feet from the
screen. Then the reading quickly in-
creased with decreasing distance un-
fil it overlcaded (a reading higher
than 19.99) at just about a foot from
the screen.

Similar readings were obtained
from certain computer monitors and,
unfortunately, we often must sit less
than 2 feet from those. At the office, it
was interesting to see how varied the
readings were from several different
monitors—some supposedly “low-
emission” models had higher read-
ings than others that made no such
claims. Another surprise was that
some of those screen covers that are
supposed to cut harmful emissions
actually work! The radiation from a
monitor was drastically reduced with
the cover in place.

While there is some debate on
whether low-level radiation is a health
hazard, it is not a bad idea to at least
know about the radiation levels that
surround us all the time. Further, if you
are a ham or otherwise work with an-
tennas, transmission lines, and RF
sources, the Digi-Field can be a useful
addition to your arsenal of test equip-
ment. If you want more information on
the Digi-Field field-strength meter,
contact I.C. Engineering directly, or
circle no. 119 on the Free Information
Card. B
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A “Must’’ For Electronics and Computer Hobbyists, Technicians and Engineers. . .

Now You Can Have Over 5000
Electronic Circuits at Your Fingertips!

e Arranged alphabetically, by circuit
type, for quick easy reference.

» Clear, concise explanations of circuit
configurations and functions.

¢ Includes extensive
applications notes.

¢ Most compre-
hensive and up-
to-date collection
of schematics,
circuit designs
and useful ap-
plication ideas.

¢ Extensive listing
of original
sources for
finding additional
information.

COMPREHENSIVE
INDEX INCLUDED! [

“Highly recommended for any library that

serves people interested in electronics,

from the hobbyist to the professional”
—American Reference Books Annual

“A good quick-reference
guide for professionals
who need fast answers to
specific design problems”’
—Industrial and
Process Control

LTI '.'.li'ﬁ! JH,. lf.f.’il..:.':‘:'f I

‘“. .. extremely well organ-
ized. . . a valuable asset
to any circuit de-
signer or hobbyist’’
—Electronics Now

“. . .indeed, well
worth the price.”’
—New Technical

Books

SAVE 30% i

Purchase the entire 5

‘. . .thanks to this book,
there’s a place to go to

volume Encyclopedia of @ Call Today find the schematics you

Electronic Circuits for this

need.”’

extrr)?icz:réiEfajrgétlisr;i;egc?ot(i)me I'8°°'822'8|58 —Art Fury, Silconix, Inc.

We accept VISA, MasterCard, American Express, and Discover

THE ENCYCLOPEDIA OF ELECTRONIC CIRCUITS

o

ORDER NOW

AND GET THIS
HANDY ELECTRONIC
POCKET REFERENCE
—A $19.95 VALUE—
ABSOLUTELY FREE
WITH YOUR PAID
ORDER!

McGraw-Hill
Blue Ridge Summit, PA 17294

Z YES! please rush my set of the Encyclopedia of Electronic Circuits
(#586767-2). | have enclosed a check or money order for $199.00—over
30% savings off the regular price of $300 — (plus s/h and appropriate local

taxes). Please be sure to include my free gift! Key = SPC4PEA
Name

Address

City State _Zip -
Signature Phone ( ) _

(offer invalid without signature)

Your satisfaction is always guaranteed by McGraw-Hill. If you are not
satisfied with your selection, return it within 15 days for a full refund.

WWW. atneirsaanadiohistery.com
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By John J. Yacono*

AV Circuits

THINK TANK

elcome back to the

Tank. As promised,
we'll explore more funda-
mental electronics this
month. I'll also present au-
dio and video circuits from
readers.

Last month | explained
how an acid battery works,
and infroduced the con-
cept of current (the flow of
electrons through metal)
and conductors (metals
used to direct current flow).
Of course, wires are made
of metal, so they act as
“pipes’ or conductors for
electrons to flow through.
They are usually coated

7O

ki !:i} CIRCUIT

= AT o UNDER

a5 e CONTROL
10K 4 1K
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2N2222
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=
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Fig. 1. If vou need un extra-long turn-on delay (say 1o the tune of
one or two weeks), Iry using this circuit and virtually any VCR.

with a non-metallic coating
or sleeve called “insulation.”
Current can't flow through
insulating materials, so in-
sulation keeps wires from
sharing current with one
another should they touch.
It also protects the metal
from the elements.

I also alluded to the'idea
that, due to chemical reac-
tions in the battery, the
electrons had a tendency
to flow through a wire con-

“Technical Editor, Windows
Magazine

necting the blocks of metal
together. The tendency to
move between two points is
measured in volts. The high-
er the voltage, the greater
the tendency.

However, you don't need
o have current flow to
have voltage. To explain
why, I'll use the time-hon-
ored water analogy for
current flow. Imagine that
water represents electrons,
the flow of water is current,
a series of pipes are like a
wire, and a water pump is a
battery. Let's say the pump
has a network of pipes that
connect its intake to its out-
let, and the pipes and
pump are full of water.
When you turn on the
pump (battery), the water
(electrons) will flow (like cur-
rent) from the outlet of the
pump (one block of the
acid battery), through the
pipes (wires), and back to
the pumpss inlet (the other
half of the battery). That
happens because the
pump’s action produces a
surplus of water at one end
of the pipe system—the
pump’s outiet—and a lack
of water at the other end—
the pump’s inlet. A battery
has a surplus of electrons at
its “negative” end or “termi-
nal,” and a lack of
electrons at its positive ter-
minal. (As you saw last time,
the chemical reactions in-
side the battery are
responsible for that)

Consider what would
happen if the pipe got
completely clogged, stop-
ping the flow of water.
Assuming our pump keeps
working, pressure would
build up at the pump’s out-
let, and drop at the pumps
inlet. In other words, the
water would still have the

WWW_akherieaniadiahictary com

tendency to move, the clog
would just frustrate it. The
tendency to move would
be proportional to the dif-
ference in pressure
between the inlet and out-
let, but does not rely on the
presence of flow.

That holds true for a bat-
tery. If there is no wire
connecting its two terminals
(no “pipe network”), there is
still @ surplus of electrons ot
the negative terminal, and
too few electrons on the
positive terminal, since the
air between the terminals is
an insulator (or “clog”). The
difference in electron “pres-
sure” in that situation is
called “potential” because
the electrons have at least
the potential, or tendency,
to move, whether there’s a
pathway or not. Potential is
measured in volts,

So. now we've covered
the concepts of current,
voltage, positive and nega-
tive signs, and potential.
One more key principle, re-
sistance, remains. We'll
cover that next month be-
fore proceeding with more
profound stuff. Now lets get
to those entertaining letters
for this month.

VIDEO-SIGNAL
DETECTOR

if one is in need of a
timer that is programmable,
precise, and will provide
long delays, almost any
VCR can be used without
any internal modification.
All that is required is a cir-
cuit that will detect the
presence of the video out-
put signal when the
recorder turns on. The sim-
ple circuit shown in Fig. 4
seems to work with any VCR
that | have tried. The first
diode (D1) clamps the
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Fig. 2. You can make your Walkman do double duty as a small room stereo by adding this 2-watt

amplifier.

negative video to ground.
The rest of the circuit re-
sponds to the frame
markers to charge up the
capacitor and turn on the
relay.

A tape isn't even required
in most cases if the record-
er is tuned to an active
channel because the vid-
eo-out signal appears as
soon as the recorder is
turned on. Therefore, the
circuit’s on time is not lim-
ited by tape length.

—Layton Warn, Sun-
nyvale, CA

A word to the wise: this
will not work if your VCR is
set to simply pass video
through.

WALKMAN AMP
I've been working on this
amplifier (see Fig. 2) for my

—= V4
| 5-12v
C5 | R1 3
471 2.2K
2N3804 (34 SPEAKER
- %] EARPHONES
c
INPUT 47
o

i

Fig. 3. If a down and dirty audio amp is what you need,
try this miniature unit. Among other things, it can be used
10 boost the output of an earphone for the hearing impaired.

Walkman so when | come
in from outside, | can plug-
in and use my Walkman for
room-size sound.

The amplifier is built
around a ULN2274B, dual,
audio power amp and pro-
vides a maximum of 2 watts
of quality sound. Alternately,
you could use an NTE804,

NTEQQQ, SK9Q68, or an
SK9012. Pins 3. 4, 5,10, 11,
and 12 are internally tied to
ground. Since the amplifier
is comprised of two identi-
cal subcircuits, only one
subcircuit will be covered.
All resistors are Va-watt
units except R1, R2, and R4
(and the corresponding re-
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sistors in the other sub-
circuit); they shouid be V2-
watt units and are used in
the circuit o prevent over-
driving U1. Resistor RS sets
the tone and may be re-
placed with a variable unit;
lower values of that resistor
produce more bass. The
bias is set by R6 and C4,
and R7, R9, and C5 are
feedback elements, For a
more wholesome sound, R8
and C3 were are used to
roll off the high frequencies.
Capacitor C6 is a DC-
blocking capacitor. Experi-
menting with the power
supply proved the circuit
chip is content with any-
thing from 626 VDC
without distortion.

—Bobby Triplett, Raleigh,
NC

Very nice indeed. By the
way Bobby, any plans to
invert one half and bridge
the inpufts for twice the
power output? Happy lis-
tening fo everyone.

SIMPLE AMP

This month | would like o
present you with an ampli-
fier circuit (see Fig. 3) thats
somewhat powerful and
versatile. The circuit is a
simple two-transistor, two-
stage amplifier. The first
transistor, Q1, serves as a
simple medium-gain pre-
amp that gets its signal
from C1, which serves as a
DC blocker. Transistor Q1
amplifies the signal and
sends it to C2. That, in turn,
couples it fo Q2, the power-
amplifier stage. That stage
amplifies the signal further,
and C3 couples it to the
speaker, You may experi-
ence some distortion, but
that can be reduced by
experimenting with the val-
ue of C5, keeping it in the
range shown. If that doesn’t
work, try other values and @
regulated power supply.

—Bernardo Venerio,
Miami, FL

One thing ! like about this

(Continued on page 90)

@ gouon0aj] Jendod ‘p66 1 10quiedad


www.americanradiohistory.com

& December 1994, Popular Electronics

Countersurveillance

Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

information thieves—been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-tech industry, or a novice
seeking entry into an honorable,
rewarding field of work in
countersurveillance, you must
view this video presentation again
and again.

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

Wazke up! 1f you are not the victim,
then you are surrounded by countless vic-
tims who need your help if you know how
todiscover 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 chief!

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

e == e e
|
|
|
|
|

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

what was to be an embassy and private
residence into the most sophisticared 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.

CLAGGK INC.
P.O. Box 4099 » Farmingdale, NY 11735

Please rush my copy of the Countersurveillanee Techniques
Video VHS Cassette for a total cost ot $53.95 cach (which
includes $4.00 postage and handling).

No. of Casscttes ordered _
Amount of payment $_
Sales rax (N.Y.S. only)
Total enclosed _
Bill my [] visa
Card No B
Expire Date /

MasterCard

Signature
Name -
Address
ciy

All payments in US.A. funds. Canadians add $4.00 per VHS
cassette. No foreign orders.
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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 ina
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 1s 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 operared
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 trom the room they
snoop on. The professionals disclose that
computers yield information too easily.

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

The Dollars You Save

To obtain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-750
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
veillance Techniques at home and take
refresher views often. To obrain your
copy, complete the coupon or call.
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way to add some electronics fun

to your Christmas, here's a project
that you are sure to love. Called the
LED-Tric Christmas Tree, it is a three-
dimensional flashing Christmas-tree
display that can help brighten up the
holidays. To achieve its 3-D look, the
tree is built using three identical
boards connected together at the
spine and spaced at 120 degrees
apart, Each board sports six LED',
which are mounted to straddle the
board edges so their light is directed
outward. To complete the look, a sin-
gle flashing LED is mounted at the
tree’s top

Ifyou are looking for an unusual

How it Works. The Tree consists of
three essentially identical circuits. The
basic schematic is shown in Fig. 1. As
you can see, each circuit consists of
an LM3909 LED flasher IC (U1), six LED's,
and some support circuitry. However,
note that the six LED's of each circuit
are distributed equally over the three
boards. That is done using intercon
nection pads located at the boards’
spines. The pads on the compo-
nent side are designated CPwhile the
pads on the foil side are desig-
nated SP For the purposes of our
discussion, the first of the three
boards is identified as A, the
second as B, and the third
board as C.

Lets see how all of that
works. The drive signal is
taken from pin 8 of U1 on
board A. It leaves that
board via pad SP1 on
board A and is fed to pad
CP1 on board B, where it
drives LED1 and LED4 on
that board. That same drive
signal then leaves board B
at SP2 and goes on to con-
nect with CP2 on board C,
where it drives LED3 and
LED6. Finally, the signal
leaves board C via pad
SP3 and is fed back to
board A via CP3, where it
drives LED2 and LEDS. The
result of ali of that is to al-
ways move the drive signal
one level higher as the sig-
nal rotates around the tree.
To create a more random
look, however, the value of
the timing resistor, R8, is dif-
ferent on each board.

5
"‘-f

Light up your holidays
with this unusual and
festive conversation piece

BY RICHARD PANOSH

Build The
“LED-Tric”
Christmas

Tree
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One independent blinking LED is
placed at the very fop of the Tree on
board A. Power for that LED, LED7, is
supplied by installing jumpers JU1 and
JU2 on that board only. The power
switch and battery also appear only
on board A.

Construction. Building the Tree is rel-
ctively straightforward. The pattern for
the foil side of the PC board is shown
in Fig. 2; the component side’s pattern
is shown in Fig. 3. Remember, the com-
clete tree requires three of these
boards, and aside from $1, B1, and
LED?7. three sets of parts. If you prefer,
boards, kits, and assembled tnits are
also available from the source given
in the Parts List.

The parts-placement diagram is
shown in Fig. 4. Care should be exer-
cised when soldering the LED's to the
edge of the board. Cut both LED
leads to about a quarter of an inch,
but remember to leave the negative,
cathode, lead a little shorter for easy
identification. Make sure the positive,

anode, lead is soldered to the com-

ponent side of the board, and the
cathode lead is soldered to the foil
side so that the LED straddles the

45+ edge of the board.

Similarly, care should be exer-
cised when mounting LED7.
Again, its anode lead is sol-
dered to the component
side of board A, while the
cathode is soldered to the
foil side of that board. Be
careful when selecting the
unit used for LED7. Some
blinking units require 5 volts
or more of power for prop-
er operation. The specified
unit is rated to operate atf
2.5 volts, and is ex-
finguished at 2 volts.
Mounting the LED's on
the board edge can get a
little tricky. Fortunately. a
technique used in assem-
bling surface-mount com-
ponents can be used here
to good advantage. The
technique involves the use
of an epoxy such as Duro
Depend I, available from
most hardware stores. A
drop of the part A epoxy is
applied to the first surface
to be joined, and a drop of
part B epoxy is applied to
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the second surface. Then, when the

two pieces are brought together, a

o bond is established in a few minutes,

e JU2 To mount the LEDS, place a small

C1 ji . 0\;’51 amount of the part A epoxy on the
CP4

3503 LED2
« D@
2 bottom surface of the LED and a small
amount of the part B epoxy at the
LED7 et appropriate spot on the board edge.
cP1’ %3 + Once the bond has been formed, just
R5 < R2 & \\‘ T solder the leads to the pads. Be sure to
use as little epoxy as possible to aveid
I T getting any on the leads or the pads.
The same technigue can also be
J used to join the three boards at their
spines. You may find it helpful to draw
a template showing the proper an-
cp-' sp-’ gles (120°) and use it as a guide.
Again, be careful to not get any epoxy
on the interconnecting solder pads.
Once the epoxy has set, bridge all
adjoining interconnection pads on alf
Fig. 1. The LED-Tric Christmas Tree consists of three essentially identical circuits. The boards with a healthy amount of sol-
schematic for the basic circuir is shown here. der. In addition to providing electrical
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'SEE TEXT

COMPONENT

|« |
i

}< 2 3/4INCHES |—— 2 3/4INCHES

Fig. 2. Here’s the foil side of the Tree’s PC Pattern. It is shown Fig. 3 Here's the component side of the board. Remember that
here full size. you will need three boards to build the Tree.
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connections, these pads are used to
give mechanical strength to the as-
sembly.

The power switch (S1) should be
mounted on PC board A at the ap-
propriate location. On boards B and
C, a feedthrough should be installed
atthe rightmost pad at the $1location
as indicated in Fig. 4. A second
feedthrough, near C2, should be in-
stalled on all boards,

Two jumpers are also installed on
board A. The first, JU1, installs on the foll

PARTS LIST FOR THE
LED-TRIC CHRISTMAS TREE

SEMICONDUCTORS

U1—LM3909 LED flasher, integrated
circuit

LEDI-LED6—T-1% superbright
LED, assorted colors

LED7-—Flashing LED, Radio Shack
276-036C or equivalent

RESISTORS

(All resistors are Va-watt, 5% units)
R1-R6—39-ohms

R7—220 ohms

R8-a—1000-ohms. see text
R8-b—1200-ohms, see text
R8-c—1500-ohms, sce text

ADDITIONAL PARTS AND
MATERIALS

Cl—22uF, 16 WVDC, electrolytic
capacitor

C2—1000uF, 16 WVDC, electrolytic
capacitor

B1—3 volts, 2 alkaline C-cell
batteries

S1—SPST slide switch. PC mount

Printed-circuit board. battery holder
(twin C-cell size, see text), 6-32
X ¥ screw, nylon spacer, 6-32
brass nut. wire. solder. etc.

Note: The following items are
available from Vista, PO Box 1425,
Bolingbrook. IL. 60440, (708)
378-5534. A set of three printed
circuit boards is available as
XMASBRD at $18.00. A kit of all
parts including etched. drilled, and
plated-through silk-screened PC
boards and 2 alkaline batterics are
available as XMASKIT at $35.50.
A fully assembled tree is available
as XMASASSEM at $45.50.
Please add $5.00 for shipping and
handling in the U.S. and Canada.
Illinois residents please add 7.5%
sales tax. Check, money order. and
credit cards are accepted. For fast
check verification, please provide
street address (no P.O. box).
telephone number, and drivers
license number and statc of issue.

CP3/8SP3 ¢

COMPONENT |

CP+/SP+ i

Fig. 4. Use this parts-placement diagram when building your unit. Note that some of the

‘BOARD A ONLY (SEE TEXT)
“ FEEDTHROUGH (SEE TEXT)

"""SEE TEXT

components mount on only one of the boards.

side of the board, while the second.
JU2, installs on the component side.
Those jumpers are used to get power
to the blinking LED at the top of the
free.

The battery leads are connected to
the appropriate positions on board A
(BAT+ and BAT—). Incidentally, if you
wish to omit the switch, the battery
leads can be connected tothe CP +/
SP+ and CP — /5P — pads on board A.
If you do that, however, the Tree will
run continuously. On the positive side,
the current draw of this project is so
slight that a air of alkaline C-cells
can power it for about a month,

Speaking of the batteries, they and
their holder make up the base of the
Tree. The battery holder should be a
twin plastic C-cell type with a mount-

WWW akhrerieaniadiahietary com

ing hole located at the center; if yours
does not have a hole, it will have to be
drilled. The battery holder is mounted
to the tree by means of that hole and
QA ¥s-inch long, 6-32 machine screw. A
half-inch long. unthreaded, nylon
spacer is installed over the screw and
the screw is fastened to the tree base
by means of a large 6-32 brass nut
that is soldered in the notch at the
bottom of the tree spine. The length of
the screw can be trimmed to fit, or,
alternately, one or two washers can
be installed as spacers.

That's all there is to it. The circuit is
simple enough that it should work the
first time power is applied. Once it is
completed, your LED-Tric Christmas
Tree is sure to brighten up your holi-
days. B
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George H. Heilmeier

‘ ‘ A DC voltage of several volts
was applied and we
watched the cell change

color from red to colorless as a func-

tion of the applied [electric] field.”

That comment, made by George

Heilmeier in a personal account pub-

lished in 1976, factually describes a

scientific event that occurred 12 years

earlier. The words alone, however,
cannot fully describe the sense of pro-
fessional excitement he and a group
of other young researchers at the RCA

Laboratories had experienced at that

time. It was quickly becoming appar-

ent to them, in the autumn of 1964,

that a totally new and highly versatile

type of electronic display, one that
used liquid crystals, was an attainable
goal

What the researchers were observ-
ing, however, was only a laboratory
demonstration; many problems still
had to be overcome. For example,
the material with which they were
working had to be heated well above
room temperature to be in the liquid-
crystal state. Nonetheless, the young

scientists knew that they had made a

breakthrough of gigantic proportions.

An Engineer Turns Chemist. What
he called the “dirty world” (by semi-
conductor standards) of organic
chemistry was unknown territory In
1961 to a 25-year old RCA electrical
engineer named George Heilmeier.
He had done some state-of-the-art
research In solld-state microwave de-
vices, and that seemed like the log-
ical and “safe” area for him to
continue his work. But Heilmeier want-
ed scientific excitement, not safety. He
took the advice of a colleague who
urged him to “do something dif-
ferent,” and ventured into the un-
charted world of organic semicon-
ductors.

Heilmeier's new research went well,
and he made numerous important

Today, LCD'’s are practically everywhere, but it took
hard work and good fortune to turn an interesting
chemical effect into a useful and practical device.
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and the LCD

WWW._aknrerieanadiahictary com

BY
JAMES P. RYBAK

discoveries. However, it soon became
apparent that organic semiconduc-
tors were not going to lead fo organic
transistors that could compete with
the inorganic variety. In Heilmeier’s
own words—"Now it was time to do
something useful.”

Organic chemistry continued to
hold a fascination for Heilmeier. Lasers
were brand new at that time, and
rneans for modulating their intense,
coherent beams were being sought.
Use of the Pockels effect was being
investigated as a possible means of
achieving that modulation.

In the Pockels effect, a material’s
index of refraction is changed by ap-
plying an external electric field to that
material. The net effect is that by ap-
plying and modulating an electric
field to a crystal that exhibits the
Pockels effect, you can modulate a
beam of light, including laser light,
passing through the material,

Unfortunately, the only crystals then
known to exhibit the Pockels effect ei-
ther required voltages in the kilovolt
range or were extremely difficult to
grow. The goal, then, was to find or
create a material that was both easy
to produce and capable of modulat-
ing laser beams using just moderate
signal voltages. George Heilmeier
wanted a piece of that action.

Heilmeier began to give serious
thought to the possibility of using ex-
ternally applied electric fields to con-
trol the local internal electric fields of
certain crystalline materials, thereby
altering the molecular order of the
crystals. If successful, that could pro-
duce an enhancement of the Pockels
effect and dllow laser beams to be
modulated using relatively small sig-

This was the first demonstration of a
clock using a liquid-crystal for display.
(Photo courtesy of the David Sarnoff
Research Center.)
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nal voltages. Heilmeier was par-
ficularly interested in the experiments
that a colleague named Richard
Williams had conducted concerning
the orientation of liquid-crystal mole-
cules in external electric fields.

“Liquid” Crystals? The term “liquid
crystal” sounds almost like an oxy-
moron. After all, one typically thinks of
crystals as being solids consisting of
molecules that are rigidly bonded to-
gether in a precisely structured and
repetitive geometric pattern. Those
rigid bonds in crystals are due to
forces of attraction that exist between
neighboring molecules.

In contrast to solids, the molecules
in liquids have no ordered arrange-
ment and are free to move about al-
most randomly. Those molecules
experience only comparatively weak
forces of attraction from other nearby
moiecules. That difference in bonding
forces with neighboring molecules ex-
plains why a solid maintains its own
shape while a liquid takes the shape
of the container into which it is
placed.

Virtually everyone has observed
that a solid can be changed into a
liguid by adding enough external en-
ergy (usually in the form of heat) to
raise the temperature of the sub-
stance to its melting point. At that tem-
perature, enough energy has been
added to begin breaking some of the
rigid bands that have been holding
the molecules together. The initial, visi-
ble resuit is that, as the melting point is
reached, a small amount of the solid
is converted into liquid.

As more heat is added, the rigid
bonding forces between additional
molecules are broken and more of
the solid is converted into liquid. The
temperature of the mixture of solid
and liquid remains constant as melt-
ing progresses, despite the fact that
additional heat is being added.
When enough heat has been ap-
plied, melting is completed and the
substance has changed completely
from its solid phase to the liquid
phase. Adding still more heat now in-
creases the temperature of the liquid,
but causes no fundamental changes
in its nature until the boiling tempera-
ture is reached.

However, there are a few special
organic materials that have some-
what different characteristics when

going from the solid phase to the lig-
uid phase. When in the solid phase,
those special substances are identi-
cal with other crystalline or amor-
phous solids. However, while ordinary
organic substances produce a clear
liquid when melted, the melting of
one of those special substances pro-
ducesa liquid that is very cloudy. Inter-
estingly, if the temperature is in-
creased further, a point is reached
where the liquid suddenly does be-
come clear.

Those special organic materials,
therefore, possess two distinct liquid
phases. The phase in which the liquid
is clear is the normal liquid state that
ordinary substances possess. The
phase in which the liquid is cloudy,
however, is unique. It is called the “lig-
uid crystal” phase. The molecules in
that liquid-crystal phase are abie to
move about freely, but do not have
the completely random orientation
that occurs inthe normal liquid phase.
The molecules in the liquid-crystal
phase tend to remain oriented in a
particular direction, somewhat as
they did in the solid phase.

The word “tend” is very important in
the above sentence. The orientation
of the molecules in a liquid crystal is
not nearly as well defined as in the
solid phase. The molecules actuaily
spend only a relatively small amount
oftime pointedin the preferred orien-
tation. Nonetheless, that phe-
nomenon does not occur in the
normal liquid phase and gives rise to
some important properties. The lig-
uid-crystal phase can be thought of
as a phase of matter that is truly dis-
tinct from the normal liquid phase. Ap-
proximately one organic compound
in two hundred has a liquid crystal
phase when melted. A few sub-
stances have more than one liquid
crystal phase.

The liquid crystals discussed so far
have involved only pure substances,
where temperature changes are the
sole cause of changes to and from
the liquid-crystal phase. Those are
called “thermotropic” liquid crystals.
In addition, another class of liquid
crystals exists for mixtures of certain
substances. In those, the change to
and from the liquid crystal phase de-
pends on the relative concentrations
of the substances as well as on the
temperature. “Lyotropic” is the name
given to those liquid crystals. While
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lyotropic liquid crystals have many in-
teresting features and applications,
only thermotropic liquid crystals are o
interest in the present discussion.

A Little History. Credit for the dis-
covery of liquid crystals is usually
given to the late nineteenth-century
Austrian botanist, Friedreich Reinetzer.
He was investigating the function of
cholesterol in plants in 1888, when he
noticed thatan organic substance re-
lated to cholesterol appeared to
have two melting points. Reinetzer ob-
served that the substance meited into
a cloudy liquid at 145.5° Celsius, and
that further heating caused the liquid
to become clear at a temperature of
178.5°C. Reinetzer wondered if he
might be observing a phase of matter
other than the normal liquid and solid
phases.

Several other researchers had ear-
lier observed the same effect with
various substances, but had assumed
they were observing something re-
lated to the process of crystallization.
Reinetzer, however, seems to have
been the first to have suggested the
possibility of certain substances hav-
ing two distinct liquid phases.

Three general classes of ther-
motropic liquid crystals have been
found. In "nematic” {(from the Greek
word for “thread"”) liquid crystals, the
molecules tend to be aligned parallel
to each other throughout the material
and appear thread-like when viewed
under a microscope.

The molecules in “smectic” (from
the Greek word for “soap”) liquid crys-
tals are also aligned parallel to one
another throughout the material, and
are arranged in layers as well. A layer
of molecules generally can slide over
neighboring layers relatively easily.
Not surprisingly, given the name, cn
ordinary soap-and-water mixture can
produce a lyotropic liquid crystal. The
“gooey” substance often found at the
bottom of a soap dish is an example
of that type of liquid crystal.

In “cholesteric” liquid crystals (so
called because they were originally
associated with cholesterol), the mol-
ecules again tend to be aligned par-
allel to each other in layers. The
direction of the alignment of the mol-
ecules, however, changes in uniformly
discrete increments from one layer to
the next, much as the direction of the
second hand on a qguartz clock
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changes in uniformly discrete incre-
ments. Cholesteric liquid crystals are
the type Reinetzer observed. How-
ever, not all the cholesteric liquid Crys-
tals involve substances related to
cholesterol. Consequently, the name
“cholesteric” is somewhat misleading.

Research interest in liquid crystails
had peaked and waned at intervals
over the years. In the 19607, interest in
those unusual organic compounds
again was reviving among chemists,
with particular attention being paid
by most researchers to cholesteric lig-
uid crystals. Heilmeier, however, had
different ideas.

Nematics Interest Heilmeier.
Unlike some of his colleagues,
Heilmeier had a great interest in
nematic liquid crystals. He suspected
tnat a moderate, externally applied
electric field could possibly cause the
molecular order of that type of liquid
crystal to be altered. Heilmeier hoped
that an altering of the molecular
order might significantly enhance the
crystal’s Pockels effect.

Heilmeiers initial experiment was
designed to see if moderate external
electric fields could be used to cause
achange in the preferred orientation
of the liquid-crystal molecules. Asmall
amount of a strong organic dye was
combined with butoxy-benzoric acid,
a compound that has a nematic lig-
uid-crystal phase. Heilmeier rea-
soned that the dye would make
visible any rotation of the liquid-crystal
molecuies.

A dye is a substance that affects
light of only a certain wavelength
(color). The result is that the light trans-
mitted through or reflected by the dye
appears to be colored. Many dye
molecules are elongated in shape,
and some work better as a dye if the
incident light is polarized in the direc-
tion of the long axis of the molecule.
That is the type of dye used by
Heilmeier and his colleagues.

When dye molecules that are elon-
gated in shape are mixed with a liquid
crystal, the dye molecules tend to al-
ign themselves in the same direction
as the liquid-crystal molecules.
Heilmeier reasoned that if an external
electric field is successful in causing
the liquid-crystal molecules to rotate,
the dye molecules should also rotate.

An Experiment is Devised.

crystal displays. (Photo courtesy of the David Sarnoff Research Center.)

Heilmeier and his research col-
leagues placed a small amount of
the liquid-crystal and dye mixture be-
tween two glass microscope slides
separated by less than one mil (001-
inch) with Teflon spacers. Extremely
thin, transparent layers of tin oxide
had been deposited on the inner sur-
faces of each of the glass slides to
serve as electrodes. Those electrodes
would be used for generating the ex-
ternal electrical field. The cell was
placed under a microscope
equipped with a heating stage. Heat-
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ing the mixture was necessary to pro-
duce the desired liquid-crystal phase.
No substance known at that time had
a liquid-crystal phase at room tem-
perature.

A polarizing filter was then oriented
so that the polarization of the light that
fell on the cell was along the long axis
of the liquid crystal and dye mole-
cules when no external electric field
was applied. That caused the dye to
appear red in color.

Alow DC voltage was then applied
tc the tin-oxide electrodes on the cell
to create a moderate external elec-
tric field in the direction transverse to
that of the light polarization. Just as
Heitmeier had hoped, the liquid-crys-
tal molecules now rotated inresponse
to the electric field. The dye mole-
cules also rotated to maintain their
alignment with the liquid-crystal mol-
ecules.

The polarization of the incident light
was kept constant and, as a result of
the molecular rotation, was now per-
pendicular to the long axis of the dye
molecules. Under those conditions,
the dye had little effect on the polar-
ized light and appeared virtually col-
orless. The changing of the dye from
red to colorless confirmed to
Heilmeier that the external electric
field was indeed causing the liquid-
crystal molecuies to rotate.

(Continued on page 92)
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Switching with PIN Diodes

These interesting little components allow switching of RF, IF, and audio frequencies
without routing the signals themselves all over the cabinet.

ost modern amateur trans-
ceivers use 'relayless”
switching to snap back and

forth between receiving and transmit-
fing. In many cases, that switching is
done with PIN diodes. Similarly, IF filters
or frent-end bandpass filters are se-
lected through front-panel switches
that handle direct current. How?
Again, PIN diodes.

The PN-junction diode (in Fig. 1A) is
obviously different from the PIN diode
(shown in Fig. 1B). Pin diodes have an
insulating region between the P and
N-type material. So they are multi-re-
gion semiconductor devices despite
having only two electrodes. The "l-re-
gion” is not really a true semiconduc-
tor insulator, but rather is a very lightly

|
P
i)

B

Fig. I A standard PN-diode junction (A)
lacks the insulating layer found in a PIN
diode (B).

BY JOSEPH J. CARR, K4iPV

doped N-type region. It is called an
“infrinsic” region because it has very
few charge carriers to support the
flow of an electrical current.

When forward bias is applied to the
PIN diode, charge carriers are in-
jected into the I-region from N and P
regions, but in the lightly-doped intrin-
sic region, the charge carriers don't
immediately recombine (as in PN-
junction diodes). There is always a de-
lay period for recombination. Be-
cause of the delay, there is always a
small but finite number of carriers in
the I-region that are uncombined. As
aresult, the resistivity of the I-region is
very low.

One application that results from
the delay of signals passing across the
intrinsic region is that the PIN diode
can be used as an RF phase shifter.
That's because RF signals can pass
through the PIN device, and in fact
under some circumstances see it as
merely a parallel-plate capacitor. In
some microwave antennas, phase
shifting is accomplished by the use of
one or more PIN diodes in series with
the signal line. Although there are
other RF phase shifters usable at those
frequencies, the PIN diode remains
somewhat popular. Other.uses in-
clude electronic switching for RF sig-

WWW ammmenaaaradiohietary com

nals, RF delay-line implementation,
and amplitude modulation.

Figure 2 shows some of the pack-
age styles used for small-signal PIN
diodes. The NTE-553 or ECG-553 PIN
diode will dissipate 200 mW, and uses
the standard cylindrical package
style in Fig. 2A. The NTE-555 and
ECG-555 device, on the other hand,
uses the UHF flat package style (Fig.
2B) and can dissipate 400 mW. | used
these diodes for the experiments per-
formed to write this article because
they are service-shop replacement

— e

A
™ e

K A

B
A
K

(o]

Fig. 2 The case of a PIN diode can make
it look like a small-signal transistor (A),

a flat component (B), or a normal diode
(C).
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Fig. 3. A shows a standard series PIN-
diode switching circuit using RF chokes
to present a high impedance to RF
signals. B contains a resistor version
used in some of my experiments.

devices, and both ECG and NTE are
widely distributed in local parts stores.
An alternative that might be harder to
come by is the MPN3404, which uses
the TO-92 plastic package style
shown in Fig. 2C.

PIN-Diodes as Switches. PIN di-
odes can be used as switches in either
series or parallel modes. Figure 3
shows two series switch circuits. In the
circuit of Fig. 3A, the PIN diode (D1} is
placed in series with the signal line.
When switch $1 is open, the diode is
unbiased so the circuit is open by vir-
tue of the very high series resistance,
but when $1 is closed, the diode is
forward biased and the signal path is
now a low resistance (thus providing
the switching action}. The ratio of off/

R S1

(o)
L1 "

INo——)

9]

+12VDC

c2

|—-oout
D1
Fig. 4. This shunt PIN-diode switching

circuit directs signals to ground when
DI is forward biased.

- - A i

Fig. 5 A combination of series and shunt
switching, like that shown here, results
in superior isolation between the input
and output when in the off condition.

on resistances provides a measure of
the circuit's isolation. A pair of RF
chokes (L1 and L2) are used to provide
a high impedance to RF signals, while

offering low DC resistance. The value
of the chokes should be set fo yield
appropriate impedances at the fre-
quencies of interest.

Figure 3B is similar to Fig. 3A except
*hat the RF chokes are replaced by
resistors. | performed a test on that
circuit, which contained an NTE-555
hot-carrier PIN diode, using a 455-kHz
IF input signal and an oscilloscope set
to show only a few cycles of the cir-
cuit’s output, The oscilloscope frace in
Photo Ashows the on condition where
12 VDC was connected through
switch $1 to the PIN diode’s current-
limiting resistor (R1). The output signal
was 1200 mV peak-to-peak. The trace
in Photo B shows the output with the
switch off (i.e.. 12 VDC disconnected],
but with the oscilloscope set to the
same level. It appears to be a straight
line. Increasing the sensitivity of the
oscilloscope showed alevel of only 12
mV getting through. That means the

With the PIN-diode circuit in Fig 3B is in the on condition, the IF signal at the output

looks like this.

ANTENNA

TRANSMITTER

. Ed .
- 3}%\%’53

l c2
ci

"—AM TRANSMISSION LINE SECTION —-!

RECEIVER

"y iigwﬁz s ’8$
= Yy D2

* o _ Oo—— +12VDC

Fig. 6 This is a transceiver’s transmitireceive switch that uses PIN-diode instead of a

relay.
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simple circuit provided a 100:1 on/oft
ratio, which is 40 dB of isolation.

The photo that appears at the be-
gining of this article is actually the out-
put of that switch when a square
wave is used to drive the PIN diode
control voltage line, rather than $1.
That situation is analogous to a CW-
keying waveform. The photo repre-
senfs one on/off cycle. Note that with

the resistor and capacitor values
used, there is a pronounced switching
fransient present.

Figure 4 shows the circuit for a shunt
PIN-diode switch. In the circuit, the di-
ode is placed across the signal line,
rather than in series with it. When the
diode is turned off, the resistance
across the signal path is high, so sig-
nals pass through unimpeded, but

D1 D2 c7 gy D4 D5
-I- —y—> -l Noa [T
b
< < cs
< R2 Rs €
o 2n T T R6
R13 Wy - Wy Gk
4700 = D3 R3 R4 D6 = 470Q
IN P—O<Tc>——>+12VDC ouT
s1 !
o :
R14
b Oelo— » R16
o ‘ 12VDC e
R11 R12
A'A'Av AvAvA'
C1 -~ C4
T D7 D8 c2 FILTER c3 D10 D11
e FETER L 5 o et
b
<
R0 DQT 2R RS g yD12 $R7

R1-R12 ARE 2.2K UNITS
C1-C8 ARE .01 UNITS

Ui

Fig. 7 Selecting IF bandpass filters via series/shunt PIN-diode switching can be

accomplished with this circuit.

BANDPASS FILTER NO.1

D3 &

Fig. 8 Receiver front-end selection can be accomplished by using PIN diode switches

as shown.
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when the diode is turned on (ie.,
when $1is closed) a near short circuit
is placed across the line. So that type
of circuit is turned off when the diode
is forward biased. That is in contrast to
the series switch in which a forward-
biased diode is used to turn the circuit
on.

A combination series/shunt circuit is
shown in Fig. 5. There, D1 and D2 are

The Fig. 3B circuit in the off condition
provides 40 dB of isolation from input to
output, resulting in the weak output
waveform shown here.

placed in series with the signal line,
while D3 is in parallel with the line.
Diodes D1 and D2 will turn on (close) if
a positive potential is applied, while
D3 turns on (opens or stops shunting)
when a negative potential is applied.

When switch $1is in the oN position,
a positive potential is applied o the
junction of the three diodes. As a re-
sult, D1 and D2 are forward biased
and thus take on a low resistance. At
the same time, D3 is hard reverse bi-
ased, and therefore has a very high
resistance. So signals are passed from
input to output essentially unim-
peded.

However, when S$1 is in the off
position the applied potential is
negative, so D1 and D2 are reverse
biased (and take on a high series re-
sistance), while D3 is forward biased
(ond takes on a low series resistance).
That fremendously attenuates the sig-
nal before it reaches the output.

Switch Applications. When used os
switches, PIN diodes can be used to
switch attenuators, filters, and ampli-
fiers in and out of circuits. To avoid
routing RF/IF signals to front-panel
controls in radio equipment, it has be-
come standard practice to use PIN
diodes.

In the application shown in Fig. 6, a

(Continued on page 88)
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oker is a game of skill with an
Pelemenf of chance. Dice is a

game of chance with (some
say) an element of skill. Combine the
two and you get a game of chance,
skill, fun, and excitement. Thats the
idea behind Z-Dice, a chalienging
$30 construction project that every-
one can enjoy.

Before we go on, let me head off
any confusion: Yes, you can use Z-Dice
with Milton Bradley’s classic Yahtzee
game, and yes, the name Z-Dice was
inspired by Yahtzee. However, the au-
thor has no affiliation with Milton
Bradley, and is sure that Milton Bradiey
has never heard of him or Z-Dice.

How it Works. Z-Dice uses five clus-
ters of seven LED's fo represent the
marks or “pips” on five dice. Buttons
below each of the LED dice let the
player mark a die to be rolled on the
next throw. Marked dice show up as
dimmed LEDS. Pressing the button to
the right of the display rolls the
marked dice. If the player changes his
or her mind about rolling a particular
die before pressing the roll button, he
or she can unmark it by pressing its
button a second time.

Play games of skill and

chance with this easy-to-build

and fun-to-use micro-
controller project.

BY SCOTT EDWARDS

If no dice are marked at the time
the player presses the roll button, then
allof the dice are marked to be rolled.
Asecond press starts them rolling, ani-
mating the LED's of the marked dice
for a second or so before displaying
the results of the roll. Z-Dice doesn't
count rolis or keep score, so it's still up
fo the players to make sure that no-
body cheats!

Figure 1 is a schematic diagram of
Z-Dice. Those of you who have built
simple two-dice games from a batch
of logic gates may be a little surprised
at the circuits low parts count. The
reason is that the logic of this circuit is
programmed into U2, the PIC 16C55
microcontroller. Use of that IC reduces
the parts count, and the cost of the
circuit, by quite a bit.

Microcontrollers are close relatives
of the microprocessors found in PC's.
Internally, they perform many of the
same functions, such as math and
logic. Externally, however, micro-
controllers and microprocessors are
very different. A microprocessor has
connections for memory and input/
output (O) devices. Related groups

of connections are known as buses.
Microprocessors generally have
buses for address, data and conitrol,
and built-in commarids for orchestrat-
ing their operation.

A microcontroller also has external
connections, but uses them directly
for /O, it has no buses for convenient
connection of external memory or
other devices, and no built-in com-
mands for bus operation.

From that description, it's easy to
think of a microcontrolier as some-
thing less than a microprocessor. For
general-purpose computing, that is
true. But in the case of stand-alone
devices that just need a little bit of
intelligence, microcontrollers make
sense. Microprocessors not only allow
the connection of external memory,
they need it in order to function. Mi-
crocontrollers don't. They have a sin-
gle program permanently stored in
internal read-only memory (ROM) or
erasable/programmable ROM
(EPROM). To carry odt their program,
they have a limited amount of internal
random-access memory (RAM),

The PIC 16C55 microcontroller used
in this project has EPROM storage fora
512-instruction program, 32 bytes of

BUILD THE

COZ_ ;
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Fig. 1. The use of a microcontroller (U2) keeps the parts count, and the cost, of this 5-
die LED display relatively low.
RAM, and 20 /O lines. Z-Dice usesthe I/ RC8 — —
O lines to light the seven LED's that —
make up each of the dice, to select i
which of the dice to light at a given —
time, and to check the states of Aco =
switches $2 through S7. Lets look at _ T D33
those functions in more deftail, starting = @ . @D LED29 @D
with the LED display. \}‘ \}* : \}* \}‘
It takes seven LED' to display all of
the patterns of pips required for the six
sides of a die. For five dice, thats 35 LED2 LED4 LED6 LED30 LED32 LED34
LED's. The PIC doesn't have enough I/ @D
O lines to control 35 LED's at once. so \}* \}* \}* \}* \}* \}*
7-Dice uses a technique called multti- —— ’
plexing. _ LED3 LED7 LED31 LED35
Take a look at the LED wiring detail, ® @D v GD
shown in Fig. 2. The LED's are con- N N N N
N N N N
nected so that all of the cathodes (—) _
for a given die are connected to- i FIFTH
, TO U3 TO U3
gether. The anodes of the LED's that PIN 14 PIN 10

make up the different dice are tied
together according to their positions
on the face of the dice. If you
grounded all of the cathode connec-
tions, and connected the line marked
RCO to +5 volts (through a current-
limiting resistor, of course), all of the
upper-left LED's of the five dice would
light. But what if only the first die’s com-

Fig. 2. This diagram shows the wiring details of the dice display. For space and
simplicity, only the first and last dice are shown.

mon-cathode connection were
grounded? Then, only the upper-ieft
LED of the first die wouid be lit.

That's how the PIC controls the LED's.
it establishes the pattern of LEDs by
switching on the appropriate pins

WWW..atneidsaatadioRhisterv-com

(RCO through RC6). Then it selects
which die should display the pattern
by switching on one of the RB3
through RB7 pins. U3, a ULN 2003A
Darlington-transistor array, grounds
the corresponding die-select pin.
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[~ 3 1/4 INCHES o

Fig. 3. Here’s a full-size foil pattern for the

bulk of the project’s circuitry.

To make it appear as though all of
the dice are constantly lit, the PIC se-
quences through all of the dice very
rapidly. Your eyes persistence of vi-
sion—the property that makes televi-
sion appear as a solid picture instead
of arapidly moving bright spot—does
the rest.

Notice that the PIC drives the LED
anodes directly, but uses U3 to switch
the cathodes. That's because each of
the anode pins must drive only one
LED at a time, but the cathode con-
nections must handle current from up
to six LED's at once. The current
through each LED is equal to the
power supply voltage — (LED voltage
drop + U3 voltage drop). divided by
the series resistance. That works out to
(6 — (24 1.5))/220 = 6 8 milliamperes
(MA). When a die displays a six. the
total current is almost 41 mA. That ex-
ceeds the PICs /O pins'sink capability
of 25 mA. However, U3 is rated to sink
up to 500 mA, so it can easily handle
the required current.

Apart from lighting the LED', the
PIC's other external function is to

controller board. This board contains the

check the state of the pushbutton
switches. When a switch is open, the
corresponding pin of the PIC is
grounded through a 10k resistor that is
part of RN1, a 1x 7 resistor network.
The PIC sees that as a logic 0. When
you push one of the switches, you
connectthe corresponding pinto + 5
volts. The PIC sees that as a logic 1.

The PIC' internal program has two
basic jobs. It displays the current val-
ues of the dice, and it checks the
switches. Depending on which switch
is pressed, it must determine whether
to mark a particular die, mark all of
the dice (when the roll button is
pressed with no dice marked), or roll,
Unless you are a PIC programmer,
these internal details are of no more
interest than the internal construction
of any other IC. If you are interested in
programming PIC’s, and have the
needed equipment and knowledge
to do so, the source code is available
on this magazine’s BBS (516-293-2283,
8N1). Pre-programmed PIC's are avail-
able from the source givenin the Parts
List.

Construction. The Z-Dice prototype
was built using two single-sided
printed circuit boards. The foil pattern
for the controller board is shown in Fig.
3, while the pattern for the display
board is shown in Fig. 4. The parts-
placement diagrams for the boards
are shown in Figs. 5 and 6, respec-
tively. Once the separate boards are
built and checked out, final assembly
is just @ matter of plugging the display
board info the controlier board. The
resulting assembly is compact and
modular, should you ever want to take
your game apart to show off your
construction or modify its operation.

While the order of assembly for the
two boards is not important, a few tips
will make the job go more smoothly.
Lets start with the display board (Fig.
6). Before you solder components to
the display board, consider whether
you want to paint the component
side of the board. | assembled my
prototype, and then decided that the
LED's would look better against a flat-
black background. Painting around
the 35 LED'S and 6 switches seemed
like a hopeless job, so | cut flat-black
cardboard as a mask. If | had painted
the board beforehand, | would have
saved myself considerable work.

The display board requires eight
jumper wires. Each of those wires is
identical in length: 0.3 inches. For the
neatest possible job, | swiped some
formed jumper wires from my pro-
totyping kit. In most kits, those are the
orange wires. | mounted them on the
foil side of the board, and soldered
carefully to avoid melting away too
much of the insulation. Because those
wires are machine formed and strip-
ped to exactly 0.3 inches, they mount
flat against the board without risk of
shorting other fraces.

— O ) O
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e —w =t e~ i —— /o
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Fig. 4. Here's the foil pattern for the display board. The board is shown here full size.
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Fig. S. Use this parts-placement diagram when building the project’s controller board.
Watch the orientation of RNI, but RN2 can mount in either direction.

Note the orientation of the LEDS.
Most of the LED's mount with their
anodes toward the bottom of the
board; however, the LED at the center
of each die (the “snake eye”) mounts
anode-up.On most LED's, the anode is
the longer lead, and the cathode is
marked by a flat spot on the base of
the LED's body. For the best ap-
pearance, make sure that you mount
each LED with its base flat against the
circuit board. Crooked LED's will make
crooked-looking dice.

| suggest that you alternate LED col-
ors from one die to the next. That cre-
ates a visual dividing line that makes it
much easier to distinguish a die from
i's neighbors. On the prototype they
alternated green-yellow-green-
yellow-green. Since each die requires
seven LEDS, thats 14 yellow and 21
green LEDS.

The specified switches should snap
info their mounting holes with a gentle
push. If they resist, the mounting holes
may be alittle too small. Enlarge them
slightly with a small drill bit or hobby
knife.

Connectors PL1 and PL2 are rows of
square header stakes that protrude
from the foil side of the LED board. The
easiest way to make those plugs is to
use extra-long header stakes, like
those specified in the parts list (how-
ever, you can make substitutions if you
have others on hand that you want to
use). If you choose fo use the specified
headers (which are available from
Digi-Key—701 Brooks Avenue South,
PO. Box 677, Thief River Falls, MN

56701-0677; Tel. 800-344-4539), insert
them through the holes in the board
so that the longer end sticks out of the
foil side and the plastic retaining
block is on the component side of the
board. Solder the longer stakes lightly
to the foil at their bases. Next, pry off
the plastic retaining block. Now, one
at a time, reheat the light solder con-
nection at the base of each stake and
use a pair of needle-nose pliers to pull
the stakes through the board. leaving
as little as possible protruding from
the component side. Once you have
done that with all of the stakes, sup-
port them from the LED side of the
board, and solder them more se-
curely to the foil.

That is a better procedure than pull-
ing the stakes out of their plastic block
and mounting them one at a time,
because it is more likely o produce

straight, even results. Now youcansee

why it is worth the trouble of searching
for longer header stakes. The pro-
cedure is similar, but instead of pulling
the stakes through the board, you sim-
ply cut off the excess.

Next, lets turn to the conftrolier
board. Follow Fig. 5 and you shouldn’t
have any problems. Note that resistor
R1 mounts on ifs end. Also, pay atten-
tion 1o the orientation of resistor-net-
work RN1, Make sure that the pin-1
end (marked on the body of its case)
points toward the bottom of the
board, as shown. The other resistor
network, RN2, also has its pins num-
bered and marked, but it is sym-
metrical and may be mounted either

WWW. atnersaadadioRistery.com

PARTS LIST FOR THE
Z-DICE

SEMICONDUCTORS

Ul—78L05 5-volt, 100-mA voltage
regulator, infcgrated circuit

U2—PICI6C 35 microcontroller,
integrated circuit (see text) 3

U3—ULN 2003A Darlington-
“transistor array, integrated circuit

LEDI-LED35-~T1% green and
yellow diffused LED’s (s€e 1exl)

RESISTORS

R1—6800-chm, Ya-watt, 5%

RNI—7 x 10,000-ohm hused
resistor network, SIP package
(Digi-Key 750-81-R10K-NI¥ or
equivalent, see text)

RN2—8 X 220-ohm isistated re-usmt
network, DIP package (Digi-Key
761-3-R220-ND or equivalent. see
text)

CAPACITORS

Cl, C3—0.1uF, ceramic disc
C2—I10-uE 16 WVDC, tantalum
C4—20-pF, ceramic disc

ADDITIONAL PARTS AND
MATERIALS

SI—SPST switch. slide or togale

$2-§7--SPST, normally-open,
momentary-contact pushbutton
{Digi-Key P8034S-ND or similar)

PLI, PL2—straight male header pins
on snappable strips. 0. 1-inch
spacing. (Digi-Key $1252-36-ND
or similar|

JI, }2—Mdolex pins on Keeper sirips
(All Electranics MP-100) or similar)

PC board. batteries (6 AA cells or -
volt transistor batery). battery
holders or clip. solder. wire, ic.

Note: A programmed PICIGCSS
microconiroller (U2) is available
far 513 postpaid from Seot
Edwards, 964 Cactus Wren Lane.
Sierra Vista. AZ 85633, Check or
wioney order only. please. Tools tor
programming PIC microconinallers
are available from Pacalli\ Inc.
3405 Atherton Road. Rocklin, CA:
phone 1-916-624-8333,

way. In fact, you may substitute seven
va-watt, 220-ohm resistors for RN2. The
network is just easier to mount and
makes for a neater assembly.

To connect the power leads to the
board, first solder them to the leads of
capacitor C1, close fo the body of the
unit. Then mount C1 to the board.
Make sure that the polarity is correct:
the ground lead should be closest to
RN2.
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Fig. 6. Here's the parts-placement diagram for the display board. For a more
dramatic display, you may want to paint the component side black before mounting the
paris.

Header sockets J1 and J2 are strips
of Molex spring clips (available from
All Electronics—RO. Box 567, Van Nuys,
CA 91408; Tel. 800-826-5432). Those
come attached to “keeper” strips. Cut
the keeper strip to get the desired
number of pins, then insert and solder
the clips in place as a unit. Remove
the keeper strip only after the clips are
installed. If you remove it beforehand,
the tiny, loose clips will be a pain to
install.

Once the clips are soldered to the
board and free of their keepers, slip a
small section of %-inch heat-shrink
tubing over every second clip. Shrink
the tubing using a heat gun, hair drier,
or paint-stripping gun on the lowest
setting. Now install heat-shrink over
the remaining clips and shrink it. The
tubing generally will not fit if you try to
install it all at once, but goes on rela-
tively easily if you do half at atime. The
tubing serves to prevent short circuits
between adjacent clips, and also
keeps the clips from losing their
shapes after repeated use.

Before you install U2, check the
power-supply section for proper op-
eration. Connect 7.5- to 9-volts DC to
the power leads, and measure the
voltage between pins 2 (+ supply)
and 4 (ground) of U2's socket. You
should measure 4.9 to 5.1 volts. If the
voltage you measure is outside that
range, double-check your previous
assembly work for bad solder joints
and improperly installed compo-
nents. Do not install U2 until the supply
voltage is correct. Supply voltages in
excess of 5.5 volts or short circuits
elsewhere on the board will damage
u2.

When you are sure that the power

supply is working properly, disconnect
the battery and install U2. You may
now plug the display board into the
sockets on the controller board. Plug
PL1 into J1 first, making sure that all of
the pins line up with the clips. If neces-
sary, bend the pins or clips slightly to
bring theminto alignment. Once PL1 is
seated in J1, mate PL2 with J2. Your Z-
Dice unit is ready for checkout.

Checkout and Final Assembly.
Connect power to the assembled 7-
Dice controller board. The LEDs on the
display board should light in the pat-
tern of a large straight: 1, 2, 3, 4, 5. If
some of the LEDS light, but the dice
patterns are incomplete, one or more
pins of J1/PL1 are not making correct
contact. If one or more of the dice are
not lit, then the problem is with J2/PL2.
Remove power and separate the
boards. Inspect the header pins and
clips to ensure that none are bent or
broken. Correct any problems you
find, reassemble the boards, and try
again.

Once you have the LED's working
properly, you're ready to throw the
dice. Press S7, the button on the far
right of the board, twice. All five dice
will roll. Next, select individual dice to
roll by pressing S2 through S6. When
you're ready, press S7 to rollyour selec-
tions. That's all there is to it.

When you are satisfied that the unit
is working correctly, turn it off and sep-
arate the boards. Use a spray defluxer
fo remove solder flux from the boards.
Cover J1,J2,PL1, and PL2 with masking
tape, and spray the foil sides of the
circuit boards with clear lacquer to
protect them from corrosion. When
the lacquer is dry, you're ready to
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mount your Z-Dice circuit boards in an
enclosure.

The authors prototype was housed
in a simple box built out of crate wood.
Narrow strips of wood were cut into
pieces matching the length and wid-
th of the diisplay board. Grooves were
cut along the length of the longer
pieces, about Ya-inch from one edge.
The two long pieces and one short
piece were then hot-glued info a U
shape. The display board was then
slid into the grooves, and the rest of
the box was assembled around it. The
appropriate holes for switch $1 were
cut into one of the end panels of the
box, and the switch was soldered into
the circuit between the controller
board and the battery.

Of course, you may mount your
project any way you like. Just be sure
fo provide adequate support for the
display board. Some players might be
heavy-handed they they use the
pushbuttons.

The choice of battery is also a mat-
ter of taste. Z-Dice draws an average
of 30 mA, depending on the value of
the dice displayed. Higher numbers
mean more LEDS lit and therefore
more current. While a standard 9-volt
battery will provide sufficient current
fo run Z-Dice, two 3-cell AA holders
connected in series were used in the
prototype.

You may use your completed Z-
Dice with any game that uses ordi-
nary dice. As the name suggests, | am
especially fond of Yahtzee. Beware,
though: Just because you built the
dice doesn't mean that you can con-
trol them. | lose as many games as |
ever did! However, | don't seem to
mind as much! [ |
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Here is how technology is helping to put
the bad guys behind bars.

BY BILL SIURU
==
N oel Fitzpatrick, a British tourist, mistakenly wandered

into an area of Washington, DC plagued by drug-
dealing and prostitution. The tourist was found dead
the next morning from a bullet wound in his chest. If the fatal
shot was heard, it was not reported. Without a report, the
murderer remained at large, and free to shoot other un-

suspecting victims. Also, the tourist was left in an alley to bleed
to death when prompt medical attention would have prob-
ably saved his life.

SECURES (System for Effective Control of Urban Environ-
ment Safety) could have saved Mr. Fitzpatrick's life, and
helped many of the other American victims of gunfire injured
atthe rate of one every two minutes. The SECURES concept—
proposed by Alliant Technologies, Inc—would allow local
law-enforcement agencies fo respond immediately to gun-
fire, thereby dramatically increasing the probability of arrest-
ing a suspect. Likewise, EMS trauma units could get to the
victim within the first "Golden Hour.”

As shown in Fig. 1, SECURES consists of a dense grid of Pole
Units (PU) located at each infersection of a city block. Each
PU would contain a fow-cost acoustic sensor (basically a
microphone), an analysis module, and a communications
transceiver. When a burst of high-intensity acoustic energy is
detected, the high-speed digital signal processing hard-
ware and soffware within the analysis module are used to
determine if the sound has the characteristics of a gunshot,
or if it comes from another source.

If it is determined that the sound is a gur.zhot, the commu-
nications transceiver in the PU, which contains a digital
modem and a VHF radio, fransmits a gunfire-incident report
to a central command center or base station via an inter-
mediate local transceiver node. That report is fransmitted as
a digital-communications packet that includes a unique
identification code associated with the location of the PU in
the grid, and any other information necessary for gunshot
verification and localization. The time lag between the
gunshot event and the report will be less than a second.
Computers at the base station would use time-differencing
techniques to pinpoint the location of the gunfire to within a
city block. Then necessary police and EMS personnel could
be dispatched. Alliant estimates that SECURES could reduce
police and EMS response times by as much as 85%.

SECURES is not the only technique proposed for locating
the source of gunfire. US, Geological Survey geophysicists
have shown that sensors used for locating the epicenter of
earthquakes can also be used to locate the source of
gunshots. The scientists used five simple sensors, each consist-
ing of an inexpensive microphone, amplifier, and radio frans-
= mifter instalied in a small plastic box. One sensor was placed
4 in a central location, while the other four were placed in
4 remote locations. Each battery-powered sensor radioed
data back to a central site where the signals were monifored.

Whenever the sensors detected a sudden increase in
noise, a computer recorded the arrival time of the acoustic
energy at each sensor. A computer program called Hypo-
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Fig. 1. Pole units (PU’s) pick up gunshot sounds and relay the information to a base
station. Computers at the base station pinpoint the shot's location and forward the
information to law-enforcement agencies and EMS trauma units.

Shot compared the arrival times at
the sensors to triangulate the location
of the sound source. While the
geophysicists did not solve any
crimes, they did demonstrate that the
technique would work.

One Gun, Many Crimes. in the
spring of 1992, a Bailtimore woman
was wounded by a .40 caliber bullet.
A couple of months later, another
man was shot a few blocks away. In
the next two months, two more peo-
ple were shot in the same neigh-
borhood. It appeared that the
incidents were unrelated, and each
time the perpetrator escaped. How-
ever, the Baltimore Police were par-
ticipating in a pilot FBl program called
Drudfire that allowed them to con-
nect these incidents. From recovered
casings at each crime scene they
concluded that the same handgun
was used. A break in the case came @
few months later when they arrested
a suspect on a concealed-weapons
charge. The recovered Glock pistol
was test-fired to obtain a casing, and
the computer database was
searched for another match. It
matched the other rounds and the
case was solved.

Solving serial and drug- and gang-
related crimes often involves linking
the weapon used in several crimes.
That requires forensic identification by
experienced firearms examiners. Up
to now, examiners have used the bal-
listic-comparison microscope intro-
duced in 1925, Comparisons to
determine if the same firearm was

used in mulfiple crimes require side-
by-side microscopic examination of
marks on bullets and cartridges. While
that technique works well and resuits
are routinely accepted in the
courtroom, it was too time-consuming
to handle the exploding number of
firearm-related crimes. A more effi-
clent forensic identification tech-
nigque was needed to keep pace with
the problem.

Like fingerprints, individual firearms
leave their own characteristic micro-
scopic “signatures” on ammunition.
No two guns leave the same impres-
sions. Linking firearms used in multiple
crimes requires measuring, analyzing,
sorting, cataloging, and comparing a
huge number of those signatures.
Those are perfect jobs for computers
and digital image-processing tech-
nology.

Drugfire is a computerized
database that forensic labs can use
fo maintain and search Open Case
Fired Ammunition Files (OCFAF) with
greatly increased effectiveness. That
database was developed by the FBI
for about $1 million. The technique
starts by storing high-definition, digital
“snapshots” of the markings on spent
bullets or casings as they appear
through the microscope in the Drug-
fire database.

Many of those images can then be
cailed up for rapid comparison. The
Drudfire database’s format allows the
review of 25 images on the computer
screen at one time. That includes the
suspect round located under the mi-
croscope, plus 24 more images in the

WWW arhrerieaniadiahietary.com

database. The number of 24-image
tiles in the database can be many
pages deep, so a virtually unlimited
number of candidates can be com-
pared.

The Drugfire database uses search
techniques to narrow down the possi-
ble candidates from hundreds or
even thousands to a few prime “sus-
pects.” That is done by specifying
characteristics like the caliber of the
round, impressions left by the rifling,
direction of the rifling twist, and the
width of the lands and grooves. The
spent cartridge can be characterized
by parameters such as the shape of
firing-pin impressions, position of the
exiractor/ejector marks, and breech
face marks. For example, are the
markings parallel or circular? The
database and search techniques
were developed using feedback
from firearms examiners who pointed
out 'what was important, as well as
what was not.

Another feature of Drugfire is its so-
phisticated digital image-processing
techniques. For example, “edge en-
hancement” greatly improves tre
clarity of the image through in-
creased contrast and sharpness. With
asimple click of a mouse, rounds can
be flipped for mirror image com-
parisons or two images can be mer-
ged for better side-by-side com-
parisons.

Using Drugfire, firearms examiners
can quickly manipulate the database
to compare the images produced
from different microscopic examina-
tions. That means Drugfire can per-
form remote side-by-side com-
parisons of fired ammunition spec-
imens in near real-time using the
images in the database, rather than
mounting and examining the actual
fired rounds under the same micro-
scope. The same database can be
used by several labs, allowing com-
parisons fo be made without having
to physically transfer the evidence. All
that is needed is a telephone link be-
tween the labs. That represents a ma-
jor breakthrough since the chance of
the evidence being misplaced, lost,
or damaged is eliminated. So is the
need for the cumbersome chain of
custodial paperwork needed to in-
sure the results will remain admissible
as evidence in the courtroom.

To make Drugfire more accessible
to laboratories, it can be used by re-
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gional computerized firearms-evi-
dence clearinghouses. That will allow
linking of regionally clustered forensic
laboratories so they can share infor-
mation on firearms.

Drugfire will significantly change
the role of firearms examiners. Instead
of just confirming matches of weap-
ons used in crimes, they can actually
solve crimes by finding matches on
the computer screen. However, the
age-old comparison microscope
and the examiner’s expertise is still
needed for the final confirmation of
evidence needed for court testimony.

Drugfire has been in operation
since the summer of 1992, uniting six
forensic iaboratories in the Wash-
ington/ Baltimore metropolitan area.
Law-enforcement agencies in Los An-
geles and surrounding communities
are now using the system. Florida is
investing $350,000 for a system to
connect the seven crime labs oper-
ated by the Florida Department of
Law Enforcement and three county-
run crime labs in South Florida.

An Honest Lie Detector. For de-
cades, scientists and mathematicians
at the Johns Hopkins University Ap-
plied Physics Laboratory (APL) in Lau-
rel, Maryland did complex analyses
on submarine-launched missites for
the military. Today. APLs years of expe-
rience and vast expertise have been
applied to solve a civilian problem.
The result is Polyscore—-computer soft-
ware that can score polygraph tests
automatically and with greatly in-
creased reliability and confidence.

The Polyscore computer program,
from Axitron Systems, InC., uses a highly
sophisticated mathematical al-
gorithm to analyze physiological sig-
nals recorded during the polygraph
examination. The software makes the
complex, statistical comparisons that
sometimes cannot be made by
human examiners. After the test, Poly-
score displays the results: deception,
no deception or that the test was in-
conclusive. The program also pre-
sents a probability value that indi-
catfes the confidence of the results.
Inconclusive results only occur about
5% of the time.

According to Dr. Dale E. Olsen, a co-
developer of the software, “The pro-
gram’s scoring rules deliver consistent,
objective results time after time. That
allows the software o easily identify

the physiological reactions of people
who are telling the fruth and of peo-
ple attempting deception.”

To develop Polyscore’s scoring al-
gorithm, 539 cases were used. Affer
subtracting a relatively low 6% in in-
conclusive findings, POLYSCORE
scored all but two of the remaining
cases correctly. And how was that
“correct” scoring determined? In 162
of the test cases, actual confessions,
either by the subject or someone else,
were used to identify which subjects
attempted deception. The remaining
were judged by an independent
team using traditional scoring meth-
ods. Their results matched the POLY-
SCORE findings. Furthermore, twenty
cases identified as inconclusive by
the original human examiners were
scored either deceptive or non-
deceptive by Polyscore. Eventually, it
was determined that Polyscore cor-
rectly scored each of them.

User-friendly, Polyscore has also
been designed fo assist the examiner
in analyzing the polygraphs. For in-
stance, the program removes long-
term trends in the data so the graphs
can be displayed without breaks, or
pen adjustments, in the channels.
Also, with Polyscore, the examiner can
zoom in and see the details of a car-
dio pattern or other patterns. Or the
user can zoom out and display an
entire chart on the screen at once

(see Fig. 2). Polyscore can also provide
a visual display of question proba-
bilities. That option is especially useful
for demonstrations.

Polyscore has been tested and is
currently used by law enforcement
agencies in Vermont, South Carolina.
Georgia, Florida, and Alabama.

The Law Sees in the Dark. A par-
ficularly brutal crime was committed,
and from the modus operandi, local
law-enforcement officers imme-
diately suspected a particular individ-
ual. When confronted by the police,
the suspect claimed he was at home
at the time of the crime. However, the
police scanned the suspects car with
the IR Thermal Imaging Camera they
brought with them. The scanner
showed it was still warm. Confronted
with that simple evidence, the suspect
broke down and eventually con-
fessed.

Thermal imaging (Tl) is another
fechnology being transferred from
the military. Indeed, the Germans
used it on their potent Konigstiger
tanks in World War Il Thermal imaging
offers even more capability than
night-vision equipment based on im-
age intensification (i), which is al-
ready used widely in law-enforce-
ment work. Unlike Il, which needs
some light source, for instance moon-
light, Tl needs none. Thermal imaging
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Fig. 2. Here's a sample of the output from the Polyscore computerized polvgraph
scoring svstem. The svstem can sometimes outperforin even expert polvgraph

examiners.
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is effective even when it is too dark for
image intensifiers because it uses the
natural heat generated by all objects.
A sensitive Tl “camera” can convert
the heat image of vegetation, peo-
ple, machinery, etc. into a visible im-
age on a screen.

Unlike image intensification, Tl can
also be used effectively in broad
daylight to find people or things hid-
den behind natural vegetation. Ther-
malimaging can not only see through
the night, but also through fog, mist, or
smoke. It is especially useful in pen-
etrating almost any type of camou-
flaging. Thermal imaging takes ad-
vantage of infrared "light” passively, so
only the user knows when it is in oper-
ation, not the suspect.

Thermal imaging systems measure
the thermal energy of an object
against its background. By distinguish-
ing minute variations in thermal radia-
tion, the system is able to elec-
tronically display a thermal picture
that can be viewed by the operator.
The pictures are digitized and
portrayed by differences in color. In
principle, a Tl camera operates much
like a TV camerq, except in the in-
frared rather than the visible band-
widths. Usually, the Tl camera is tied in
with @ computer where special soft-
ware can be used to present, store,
and analyze the digitized pictures.
Personal computers and laptops can
be used with the latest commercial Ti
equipment. Their storage capability is
especially attractive when gathering
evidence.

While every object emits thermal
energy, much of the energy is ab-
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Thermal imagers, like this Mitsubishi IR-M 300, are valuable additions to the police’s

surveillance capabilities.

sorbed by the atmosphere. There are
two IR-wavelength bands where ab-
sorption is minimum. Those are in the
3- to 5-micrometer and 8- to 14-mi-
crometer bands. Fortunately, those
are the wavelengths where high-tem-
perature sources like engine exhaust
and low-temperature sources like hu-
mans emit heat energy. Most com-
mercial Tl systems work in the 3- to 5-
micrometer range, although some
newer ones operate at 8- to 12-mi-
crometers with better response.

In order for a Tl device to detect
minute differences in thermal energy,
it must be kept at a very precise, very
low, and constant temperature. That
means the Tl device must be cooled,
usually using a Stirling cycle cooler or
refrigerator. Cooling must be accu-
rately controlied. That adds up in
terms of weight, complexity and cost.

Thermalimaging can detect every-
thing from a suspect hiding in the
bushes to detecting which cars in a
parking lot have been run recently. It
can also be used to spot the very high
heat sources associated with the
growing or manufacturing of illegal
drugs. Police are already using for-
ward-looking, infrared systems
aboard light aircraft and helicopters
to better observe suspected drug op-
erations. Any countermeasures to
conceal heat generation are virtually
ineffective and criminals rarely even
redlize their vulnerability.
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On the ground, thermal imagers
are used for all types of observation of
suspected criminals or just for security
surveillance. The better Tl devices can
pick up emitted energy from peopla
or events even outside the direct field
of view. Police forces are also buying
transportable imagers that can be
used from helicopters without the
added expense of gimbaling, as well
as for normal street observations.

As with any detection technique,
thermal imaging brings some legal
guestions with respect to the Constitu-
tion’s Fourth-Amendment protection
against unreasonable search and sei-
zure, That guestion has already been
tested in the courts, specifically by a
U.S. District Court in Pennsylvania.

The court ruled that people do not
retain privacy interest in the heat that
is emitted from their homes. Further-
more, since Tl does not use any active
beams to penetrate the dwelling, it is
like using a dog to detect drugs by
sniffing, for example, luggage at an
airport. That is a universally used, and
legally accepted, detection tech-
nique.

However, it is expected that Tl-ob-
tained evidence willbe challenged in
the future as the technology gains
wider acceptance. From that litiga-
tion willcome more legal clarification.
In its favor is the fact that Tl is less infru-
sive than a dog because it does not
disclose specific information. [ ]
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BY JACK OLIVIERI

Learn how to do the math that will keep your projects from a fatal and messy

meltdown.

hen designing electronic
circuits, hobbyists often
overlook heat as a design

concern. Since significant time,
money, and effort can be expended
designing and building a circuit, it
makes sense to do it correctly up front.
The following article illustrates some of
the basic concepts for performing
heat calculations and the rules to fol-
low when designing and building
heat-producing electronic circuits.
These hints should help your circuits to
work reliably for a long time.

Power Dissipation. The basis for all
heat calculations is power dissipation.
Power is simply the amount of energy
flow measured over a given time
period. If more energy goes into a
component than comes out as useful
work, the balance of the energy must
be taken into account. For this discus-
sion, we will assume that all of the
unaccounted for energy takes the
form of heat.

To start our analysis, let's consider a
hypothetical resistor (see Fig. 1). The
power dissipated is simply the voltage
across the resistor multiplied by the

current through the resistor. Alter-
natively, any variation of Joule’s Law
can be used to calculate power using
resistance, voltage, or current,

In general, the power rating of re-
sistors are specified at a maximum
rated temperature. For example, Ya-
watt resistors will dissipate their max-
imum wattage at 70°C. However, it is
customary to be conservative when
designing circuits, so you should de-
rate a resistor by 50%. Therefore, you
should not try to dissipate more than
Y8 watt through such a resistor in 70°C
surroundings. At higher ambient tem-
peratures, the power dissipation must
be even less. That will ensure that the
part is not stressed to the point where
its life is shortened.

Temperature ratings of capacitors
should be considered also. Even
though most of the heat experienced
by a capacitor is externally gener-
ated, in some cases the heat can be
internally generated. Since capaci-
tors are frequency-dependent im-
pedances, they can dissipate
enough power to raise their internal
temperature. Therefore, derate their
voltage and temperature as well.
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Transistors. Semiconductors dissi-
pate power in much the same way—
the dissipation equals the voltage
across the device multiplled by the
current through it—but they usually re-
quire more consideration.

Let us consider the 600-milliwatt
transistor in Fig. 2. The transistor has 1.0
amp flowing through it. The voltage
drop can be looked up in a data
book; for use as a switCh, Vg is the
correct voltage parameter. Alter-
natively, the voltage drop can be
measured directly. It is 0.6 volt in this
case, so the power dissipated is 0.6
watts, On the face of if, it looks like
there should be no problem, because
the transistor is rated at 0.6 watts and
we have not exceeded that rating of
the device.

However, the temperature of the
device’s jJunction must be considered,
so we need to look up some informa-
tion. For example, we should check
the maximum rated junction temper-
ature (the temperature at which the
reliability of the device is compro-
mised). This parameter is important
because we would like to stay well
under that value for a conservative

$O1U0JI03|T Jeindod ‘661 J8quedsqg

wn
w


www.americanradiohistory.com

S December 1994, Popular Electronics

o .

\AAZ

Pd=E x|

Fig. 1. The power dissipated by a
resistor is equal to its voltage drop times
the current it handles.
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Fig. 2. The power dissipated by a
transistor can be calculated using the
same technique applied to a resistor; the
dissipation is equal to the voltage drop
times the current.

design. We also need to know theta-
JC, the thermal resistance between
the semiconductor junction and the
case of the device, which is based on
the device’s construction. It is ex-
pressed as the femperature rise per
watt of power dissipated (°C/watt).
The last parameter of interest is theto-
JA, the thermal resistance between
the junction and the ambient air,
which is based on construction (such
as whether a heatsink is used) and is
also measured in °C/watt. For
simplicity we'll assume no heat sink is
used, other than the case of the de-
vice.

For the tfransistor shown, the max-
imum rated junction temperature is
150°C, theta-JC is 62.5°C/watt, and
theta-JA is 208°C/watt. Looking at the
special diagram in Fig. 3, notice that
the thermal resistance is depicted as
a resistor. As we determined, there is
0.60 watt being dissipated in the de-
vice, so the junction temperature rise
will equal the power dissipated multi-
plied by theta-JA or:

0.6 x 208 = 124.8 °C above ambient
temperature

If the qir surrounding the diode inside
the circuits cabinet is 20°C higher
than the outside air, which we'll as-
sume is at 40°C, then the junction tem-
perature is:

1248+20+40 = 184°C

far above the maximum 150°C.
What went wrong? If we had read
more closely, we would have seen the
rating specifies a power dissipation of
0.6 watt at 25°C only, our ambient
temperature was effectively 60°C
(20 + 40)! Notice that theta-JC was not

needed in this calculation, since no
heat sink was considered.

With a Heatsink. Now we would like
to know the junction temperature of
the transistor if a heat sink is used. First

JUNCTION
o]

FLOWOF | |
THERMAL l 3 0, = 208°CW
ENERGY

[*—— CASE

il

Fig. 3. Much as a resistor value is the
voltage drop across it divided by the
current flow, a thermal resistance is the
temperature drop across it divided by the
heat flow through it.

JUNCTION
o)

> O
‘: eh = 62.5°C/W

le————— CASE

A

<
8)4 = 208°CW g 0, = 5°CW

=——— HEAT SINK
<
3 0, = 2°0W

AMBIENT AIR
Fig. 4. The thermal resistance of each
Jjunction must be taken into account to

determine the maximum temperature
experienced by a device.
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we need to know the thermal resis-
tance of the heat sink, called “theta-
SA” (the sink-to-ambient theta). The
thermal resistance of any heat-sink
compound or silicone washer should
also be considered. For illustration, our
heat sink will be a 2°C/watt unitand a
0.5°C/watt silicone washer will be
used between the transistor and the
heat sink. Figure 4 shows the thermal
diagram. The total theta is:

625 + 05 + 2 = 65°C/watt

Multiplying by the power dissipation
fo find the total temperature rise:

65 x 0.6 watts = 39°C

Using the same ambient temperature
(60°C) results in a junction tempera-
ture of only 99°C (the sum of 60 and
39). which is well within the safety limit.
Notice that the sum of thermal resis-
tances shown on the right in Fig. 4
does not equal the resistance on the
left. That is because the heat sink (2°C/
watt) is much better thermally than
the case alone and shunts the heatto
ambient air better.

There are several instances where it
may be difficult to determine the vari-
ous thermal resistances from data
books. For example, if a transistor has
no way to be coupled to a heat sink
(perhaps because it's in a plastic
TO-92 case), theta-JC is typically not
provided. Therefore all calculations
must be made simply with theta-JA.
Also, some books state the numbers in
different ways. Sometimes the infor-
mation is presented this way:

70—+

60

50+

a0+

30

TYPICAL THERMAL RESISTANCE (°C/ W)

104

80+
Ow

20—+ D

Oy

Il 1

0 1 t
0 0.125 0.25

J
T T
0.375 0.5

L L Il
T 1 T T 1
0.625 075 0.875 1 1125

Fig. 5. If a component is cooled by its leads, it stands to reason that its theta value

depends on the lead lengths.
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Collector-Emitter Voltage: 25 VDC

Collector-Base Voltage: 50 VDC

Emitter-Base Voltage: 5 VDC

Collector Current: 1 Amp DC

Total Device Dissipation at 25°C: 0.6
watt

Derate above 25°C: 4.8 mW/°C

Total Device Dissipation at 25°C: 2.0
watt

Derate 16 mW/°C above 25°C

Operating and storage junction
temperature range: 65 to 150°C

The data indicates that if the en-
vironment surrounding the transistor is
kept at 25°C, the device will dissipate
0.6 watts safely without a heat sink
and the junction temperature will not
rise above 150°C. For every degree
above the ambient temperature, the
600-mW rating must be reduced by
4.8 mW. Another way of saying that is
for every 0.208°C (the inverse of 4.8)
increase in the ambient temperature,
1 mW must be subtracted from the
25°C rating of 600 mW. Multiplying
that by 1000 mW gives us the theta-JA,
which is 208°C/watt.

Similarly, if we hold the case tem-
perature at 25°C (using a perfect heat
sink), we can dissipate 2 watts. But
above that, (inverting and multiplying
again), we come up with a theta-JC
of 62.5°C/watt.

Diodes. Diode heat calculations
can be slightly different also. There
may be no theta-JA given if the diode
is a stud-mounted type meant to be
mounted on a heat sink. If itis a simple
axial-lead type, the main way to dissi-
pate heat is usually through the leads.
Therefore lead length and mounting
can be critical. In general, the shorter
the lead length, the cooler the junc-

JUNCTION
o

$ 6, = 25°CW
<
0y = 75°C/W

«——— LEAD

< O,
5;9u=40 CW

1

AMBIENT AIR

Fig. 6. Here we show the thermal
diagram of a lead-cooled device. Note
that the device-10-lead junction has its
own theta value.

HEAT-SINK PERFORMANCE

AIR VELOCITY (FEET PER MINUTE)
200 3(110 4(‘)0
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|
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POWER DISSIPATION IN WATTS

Fig. 7. The data sheets for heat sinks contain fumilies of curves that help designers
determine the appropriate theta values for both convection and forced-air cooling.

TABLE 1—PACKAGES AND THEIR THETA VALUES
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tion will stay. Also, usually one lead is
listed (e.g. the cathode) as the pri-
mary thermal conduction path. In-
stead of theta-JC, the factor theta-Jt
(for junction-to-lead) is used. A typical
curve for theta-JL is shownin Fig. 5. The
thermal resistance varies over a
range of 12 to 60°C/watt depending
on the lead length. Also shown on the
chart is theta-JA for ¥-inch leads
(75°C/watt) and for 1-inch leads

WWW. asknefrieaniadiahigstary. com

(85°C/watt). As an example, a 1N4001
diode dissipating 0.5 watt, with Ys-
inch leads mounted on a terminal
strip, would have the thermal sketch
shown in Fig 6. Theta-LA (lead-to-am-
bient) can be difficult to find in some
books, but typical values are
30-40°C/watt.

Integrated Circuits. The math for
(Continued on page 88)
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Imost all Popular Electronics
Areoders probably have fond

memories of toy’s containing
battery-powered motors. Technically
known as permanent-magnet (PM)
DC motors—and commonly avail-
able in sizes ranging from micro units
(that pull only about 0.5 watts) to com-
pact motors (that pull 200 watts)—
they can be powered from 3- to 12-
volit DC sources. Such motors are used
in applications ranging from
powered toothbrushes to trolling
motors, and a whole ot more,

However, as convenient and relia-
ble as they are, they all lack one im-
portant feature; speed control. Due to
the low impedance of the devices
and the fact that they are usually
powered from batteries, they are diffi-
cult to run as variable-speed de-
vices—all conventional methods of
voltage control are grossly inefficient
at high-current levels due to semicon-
ductor gain and saturation limitations.
But the Low-Voltage Power Controlier
described in this article is designed to
overcome the problems associated
with conventiorial DC controilers. It
can be used with 12-volt permanent
magnet DC motors as long as they
draw less than 16 amps.

Whats more, the unit can be used
with 12-volt incandescent lamps;
campers and other portable-spot-
light users should really appreciate
that capability. The Power Controller
can be used to set lamps and spot-
lights at the optimum light-intensity
levels. The Power Controller allowsyou
to run at 35% of normal power levels
when high-intensity illumination is not
required; of course, the light intensity
can be increased when the situation
requires it.

Also, powering lamps and motors
from the Power Controller allows them
to run for much longer periods while
consuming the same amount of bat-
tery charge. Further, since the starting
current is eliminated or attenuated,
lamps and motors operated using the
Power Controller could have a mea-
surably longer life. Thé Power Control-
ler can also be used for automotive
applications; for instance as a varia-
ble-speed wiper controi for your car, a
dimmer for the car's interior lighting, or
a variable-speed air-blower control.

Not long ago, a controller of this
type would have been prohibitively
expensive. However, due to the ad-

DC POWER CONTROLLER
# X

Build A

Low-Voltage

Power
Controller

Use it as a dimmer control

for low-power lamps or as

a speed control for small
DC motors.

BY FAZAL A. REHMAN

vent of power MOSFETs (which can
drive a 200-watt load from a 12-volt
battery source), the Controller can be
built for under $35. The efficiency of
the circuit is almost 95%. That level of
efficiency is possible because of the
power MOSFET's combined with
pulse-width modulation and other
power-saving techniques throughout
the entire circuit. The same circuit
based on bipolar transistors would

WWW ammenaaaradiohietary com

have produced losses as high as 33%
with a 200-watt load.

How It Works. Efficient power han-
dling demands that the transistor
passing the most power be very effi-
cient, after all, that transistor might be
responsible for up to 90% of the total
controller loss. Now, power transistors
(bipolar or MOSFET) lose the least
amount of power when they are off.
The second-least loss occurs when
they are turned on hard (saturated).
They are the least efficient when they
are half on. That mandates that the
Controller be operated so that the
power fransistor is either fully on or fully
off—thereby making the average
power output a ratio of the duty cycle.

The circuit has a duty-cycle gener-
ator that will give an output varying
from fully off to fully on and pulses of
any duty cycle in between the two
extremes. For example, lets suppose
that load circuit connected to the
Controller requires 50% of the avail-
able power. The circuit generates
power pulses that are on 50% of the
time and off 50% of the time (called a
50% duty cycle). That method of op-
eration is called the PWM (pulse width
modulation).

The circuit can be fed from any DC
supply source of between 10 and 15
volts. As shown in Fig. 1, U1-a (half of an
LM556 dual oscillator/timer) and U2-a
(one quarter of an LM339 quad com-
parator) combine fo form a voltage-
to-pulse-width converter. The first half
of the dual oscillator/timer (U1-q) is
configured as an astabie oscillator,
generating a continuously oscillating
ramp voltage. Op-amp U2-a (one
quarter of the quad comparator)
compares the voltage at its non-inver-
ting input (pin 5)—which is connected
fo pins 2 and 6 of U1-a—to the voltage
at its inverting input (pin 4). The op-
amp will give a low output if R1's wiper
voltage is higher than the in-
stantaneous voltage present at pins 2
and 6 of U1-a. The output of U2-a at
pin 2 will have an on/off ratio that is
proportional to the voltage at R1's
wiper.

Since the output of U2-a does not
have enough power-handling ca-
pacity to drive the MOSFET, its output is
fed to U1-b, which is used to buffer the
signal. The low-impedance, pulsed
output of U1-b at pin 9 is fed to the
gate of MOSFET Q1, driving it hard on
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Fig. 1. The Low-Voltage Power Controller—which is comprised of an LM556 dual
oscillator/timer (Ul), an LM339 quad comparator (U2), and | to 4 IRFZ40 power
MOSFET's (only one of which, Ql, is shown)—can be fed from any DC supply source

of between 10 and 15 volts.

or off (which results in a fast turn-on/
turn-off time). The circuit also has a
power-input detector, built around
U2-b and LEDA. If the input power is OK,
LED1 will normally be lit, but if the input
voltage drops below a certain point,
the LED will shut off,

Diode D1 is used to suppress the
reverse voltage spikes generated by
inductive loads during turn off; without
that diode, the MOSFET might be de-
stroyed. If the circuit will not be used to
drive inductive loads (motors), D1 can
be eliminated.

The best frequency of operation for
the range of motors and lamps that
can be used with this circuit would be
around 3500 Hz, which is the frequen-
cy the circuit is set up for. Note: This
kind of switching has some limitations,
hence this controller can be used only
with incandescent lamps and perma-
nent-magnet DC motors.

Construction. The author's pro-
totype of the DC Power Controlier was
built on a pair of smail printed-circuit
boards; which we'll refer to as the
*main” and “driver” boards. Templates
for both boards are shown in Fig. 2.
The main board (which is shown in Fig.
2A) contains the bulk of the circuitry
and measures about 2%e by 2V
inches. The driver board (see Fig. 28),
which measures 1'% by 2Va inches, is
designed to accommodate up to

four paraliel-connected MOSFETS,
along with gate resistors. Note that
only one MOSFET/gate-registor curcuit
is shown in Fig. 1 (Q1/R4); any addi-
tional MOSFET/gate-registor circuits
are identical. It is recommended that
one MOSFET be used for every 4 amps
of load current to be drawn; for max-
imum efficiency, all four MOSFET's can
be installed.

Parts-placement diagrams for the
main (Fig. 2A) and driver (Fig. 2B)
boards are shown in Figs. 3 and 4,

respectively. Referring to the main
board, R1 can be a board-mounted
trimmer potentiometer or a panel-
mounted unit, If R1 is to be a panel-
mounted unit, solder three wires to the
appropriate PC pads of the main
board. When assembling either
board, be sure that the ICs and all
other polarized components are
properly oriented.

Begin assembly by installing the
passive components (resistors, ca-
pacitors, and jumper connections)

D

D

QFG

2-3/16 INCHES
A

] 113/16 INCHES ———={

Fig. 2. The author's prototype was built on a pair of small printed-circuit boards,
referred to as the “main’ and “‘driver’ boards. Templates for both boards are here,
with the main board appearing in A, and the driver board appearing in B.
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Fig. 3. Potentiometer Rl can be a board-mounted trimmer potentiometer or a panel-
mounted unit. If R is to be a panel-mounted- unit, solder three wires to the
appropriate PC pads of the main board and connect their other ends to Rl. You'll also
need to attach five wires to the appropriate points on the main printed-circuit board to
make the inter-board connections.

——OOP1

., ———OOP2

——P1

. —1 @ | O
B O———
R ] =
% o
LED1
s N
Rt.._.
? & Qﬂ
3 .
' —
&
co R4
1 Jz \
Do — @ | O
Eo0—

—— P2

*SEE TEXT

Fig. 4. The driver board (as shown here) is designed to accommodate up to four
parallel-connected MOSFET's, along with their associated guate resistors.
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< %
< .PARTS LIST FOR THE
LOW-VOLTAGE POWER : -
CONTROLLER ;

?35 # = . . *i;

SEMICONDUCTORS ]
Ul—LN, 556 dual oseillalur/timer,

“F

“integrated circuit Boa By
U2—LM339 quad compa.rator - %
« integrated circuit # o

Ql-—IRFm IRFZ42. or mmxlar .
power MOSFET

DI, D3-—<|N4036, Schoiky cimde

D2—5.1-INTSI volt, 250-mW, Zéner

e

diode Lo B
LEDI—Red light-emitting diode -, i
RESISTORS i g
(All fixed resistors are V4-watt, l% *,?
- metal-film units, unless mherwasé s 7
: ﬂo[ed) ) g, 3§‘~3
R1—100,000-ohim, Y4-walt, carbon, “1*

linear potentxometer P
R2, R7, R13—10,000-0hm ¥ .
R3, R6—1000-ohm G
R4—10 ohri M
R5—2000-ohm b
R8—33,000-ohm, L F
R9—200,000-ohm ¥ -

RI10; RII—75,000-0hm % ' & fus
) R12—9530- ohm s ”‘Eﬁ

CAPACITORS -« = vk S
Cl—10-uF, 25-WVDC, electrolytic
C2-20.1-pF, ceramic-disc <

C3, C4———0 01-uF, mteg,ralel:l circuit

ADDITIONAL PARTS AND %““ :
’ MATERIALS * ele. 1y = *

Prxml::d circuit materials, eml!mure, rid
spaces, silicong tape, silicone

. grease, input ani output
connectors (see text). wire **solder.

" hardware, etc. “

~
» w

Note: The following parts are
? available from TW Engineering, -
"P.O. Box 2995, Garden Grove, CA”
926422995, Tel /FAX: = * wig
714-533-2908. A set of etched %
printed-circuit boards only, for
$10.00; a camplete kit of parts for
the printed-circuit board for
$30.00. Please add 53.00 for a
4 shipping ahd handling, California ~
« residents please add apprn]'md.[l: g1
sales tax. . . XF&"

e

P

first, followed by the semiconduc-
tors—diodes, LED, IC’s, and finally, the
MOSFET(s). The MOSFETs should be
ouftfitted with heat sinks if the circuit is
to handle more then 50 watts of
power. Note: In the author’s prototype,
the MOSFET's were installed on the soi-
der side of the board.

In the author’s prototype, the en-
closure lid is used as a heat sink. That

(Continued on page 91)
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F Give a “Friend

Y. a Year of
Zz ‘Flectronics

& Fun this Christmas

Does fighting the crowds at Christmas short-cir-

cuit your holiday fun? Don’t blow a fuse this

year...for the friend who shares your love of

project-oriented electronics — or a youngster

who may need only a spark to ignite a life-long

interest — give a gift subscription to Popular
- Electronics.

Popular Electronics readers get the know how
they need to build exciting, educational, and
useful projects like these. . .a professional-qual-
ity home-security system. ..an autoranging fre-
quency counter...a nine-band shortwave re-
ceiver...a radio-controlled car...a telephone
scrambler...an aviation receiver...and even a
robot!

PLUS...Gizmo, our honest and straight-shoot-
ing review of the latest consumer-electronics
gear...Market Center, featuring mail-order
merchants that are ready to help you in all your

B~ hobby activities. ..articles and columns cover-

=~ing every aspect of the electronics hobby —
including antique radio, shortwave listening,

: el . . .
X 'ham radio, computers, scanners, circuit de-

sign, and more!

~ 3 ,
Tl I

Z\N
‘ AN

s

PN

SAVE MONEY.. A great gift to receive, Popu-
lar Electronics is also a great gift for you to
give! The Special Holiday Rate saves you
$25.05* off the newsstand price on each gift.
You can save another $25.05* when you start or

extend your own subscription at the same time. =—, o 4

It’s our “thank-you” for sharing Popular Elec-
tronics with a friend at Christmas.

Send no money, unless you prefer. We'll be glad
to bill you in January, 1995. Just take a brief
moment to go over your gift list and make sure
you haven’t forgotten anyone who might ap-
preciate the many benefits of Popular Elec-
tronics. Then write the names on the attached
Gift Certificate and mail it back in the postage-
paid reply envelope...we'll take it from there!

Your friends will receive a handsome gift an-
nouncement card signed with your name just
before Christmas. And all through the new year
they’ll remember and appreciate your thought-
ful gift! So don’t blow a fuse...take it easy and
enjoy the holidays. Give Christmas gifts of Pop-
ular Electronics!

Popular Flectronics

) . 1 k \ A\’

V]
»

*Basic sub rate—1 yr/$21.95

-
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‘Screen Shots and
Project Photography

Made Easy

We present two simple but effective and inexpensive techniques
for producing excellent photos of your projecits and program screens.

tures of your computer screens

and electron ¢ projects without
expensive equipment, without elabo-
rate lighting setucs, and without fancy
caiculations—esgrecially if you know
little or nothing about photography—
then this article is for you.

Why take pictures of your computer
screens or electronic projects? Cer-
tainly, if you intend to show others your
software displays or handiwork, “a
picture is worth ¢ thousand words”—
especially a colo™ picture. The photos
can be used for ectures, club meet-
ings, club publications, magazine arti-
cles, tooks, technical papers, illustra-
fions for documentation or manuals,
or just for the grat fication of making a
permanent record of your |latest suc-
cessful program or project,

I fyou'd like to take good color pic-

BY FRED BLECHMAN

I make ro claim to being a camera
expert, but I've had good success
using the techniqgues I'll describe. I've
taken over 3000 photos for illustrating
hundreds of magazine articles, based
on lots of trial (and errorl). My methods
are relatively simple, inexpensive, and
effective. Photo experts may shriek in
horror at my rule-of-thumb asproach,
but it works! -

Non-Technical Photo Primer.
Before loading your camerq, you
should know a few basic facts. To get
a good picture, you need the prcper
filmn exposure, which is the result of the
combination of film speed, lens
opening, shutter speed, and fozus.
You may also need a special filter for
color correction when using artif cial
light. While developing and prirting

techniques can correct for some 2r-
rors, the closer yau are to the proper
exposure in the frst place, the more
likely you'll have a good picture.

Color film speed these days is cam-
monly rated at speeds of ISO/ASA 100,
200 and 400, among other speeds.
This article will assume the use of an
ISO 100 speed calor film.

Lens openings (commonly called f-
stops) are typicaly marked cn an ad-
justable ring around the camera fens,
from the largest gpening (around £7.4)
to the smallest (around 22). The light
gathering ability of the lens doubles
with each “full” f-stop; 1.4, 2, 2.8, 4, 5.6,
8. 11,16, and 22 a e each “full stops* in
other words, to double the light, open
the lens one mo-e f-stop. Many lens-
opening adjustment rings have Y.
stops between full stops. For our pur-
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poses, we'll ony be using 11 and 16
lens openings.

Shutter speeds are adjustable over
a broad range usually from %oc0-secC-
ond to 1- or 2-seconds. Doubling the
exposure time doubles the light cap-
tured by the lens. Your camera must
also have a "B” setting for time ex-
posures if you ntend fo take photos
otherthan computer screens. We'll be
using one-second exposures for
screen shots, cnd exposures running
to 50 seconds or more for tabletop
project photos.

Proper focus depends on two
things—the center of focus and the
depth of field. The center of focus is
the focus at the center of the picture.
The depth of field is the range (closer
and further) wthin the picture field
thatremains in “ocus, and is related to
the lens openirg. The smaller the lens
opening, the greater the depth-of-
field range.

The Camera. Your camera doesn’t
have to be exofic, but it should have a
few features found on most cameras
above the the simple fixed-focus
snapshot variety.

For one thing. anything less than a
35mm (millimeter) single-lens-reflex
(SLR) camera will yield poor results
most of the time. With an SLR camera,
your viewfinder is literally through the
camera lens, sD you can center the
screen or project, make sure the cor-
ners are not cut off, and make sure its
in proper focus

You must be able to adjust the focus
and exposure settings manually. An
automatic camrera is not suitable un-
less it can be operated manually. The
camera must have a tripod socket
and a cable release socket to frigger
the shutter. A "bulb” or “time" exposure
setting must be provided.

“Wow,"” you may respond, “that
sounds expensive!” Well, if you check
with camera stores and camera ex-
changes (look in the yellow pages of
your phone book), you'll find that
these non-automatic SLR cameras,
which originally sold for hundreds of
dollars, are nhow available for about
$125, and less if found through classi-
fied newspapel ads from private par-
ties.

Remember, you are looking for a
pretty “plain-wanilla” SLR camera.
Make sure the snutter works, and that
you can can set the exposure fo as

Here a Corncob-3D missile head: toward flving saucex. The ‘ower pari of screen shows

the rear view and radar display.

Here’s a Rumsey Electronics Motion Detector assembled intG the botiom of its optional
case. Note the lack of lighting reflections and the good focus through out.

long as 1second, plusyou'llneeda “B”
setting for longer time exposures. The
iens should close down to at least f16;
some will go to 22,

What else will you need? You must
have a tripod to hold the camera
steady, and a manual cable release
to hold the shutter open during long
time exposures. Your light sdurce
(more on this later) can be astandard
60-watt incandescent light bulb
screwed into alamp socket witk-aline
cord and switch. An inexpensive re-
tractable steel ruie oy yardsiick, a

white 28- x 44-inch art board (which

. you can purchase from an art-supply

orstationery storv for about $3),and a
pencil and paser complete your
ecuipment lis”. I¥ you intend to take
photos closer than about a foot, you
might need scm= closeup lenses, but
this is ony necessary if you'll be pho-
tographing smal parts or closeups of
parts in equipment.

Film, Lighting and Lens Opening.
What film shoulc you use? There are
all kinds, but you are best off o settle

soIu04)93|3 Jeindod ‘p66 1 48qWLIag
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This is what happens if you’re not careful about reflections. The 60-watt light bulb
reflected from the circuit board as it painted out the shadows.

EXPOSURE RECORD
ROLL#___ FILMTYPE SPEED_____ DATE
1=
# ]m,\ W "_.,|'2
EE 5128 28|25 22
$Z|2 5 oescripTioN| R &5 (85|52 T &|  REMARKS
SE|gs Llez =08 28
¥ e IUF &l b=
| SCREEN#! | 11| 22 | | | — | —|Y|LUMEN-CTX MONTR
2 | screenez 11| 22 | 1 | — |—=[y]” H )
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5 | [
_—'III--__—_.
™™

Fig. 1. Preparing an exposure record is the best way 1o ensure you'll get all your
Sfuture shots just right. It'll keep you from having to frame every shot.

on one type and stick with it. Color
films, especially, vary. | use Fujicolor
Super HG 100 color print film for con-
sistent results. If you change the type
of film, or film speed, you'll never be
quite sure of the results—until you see
them.

What about lighting? To pho-
tograph a computer screen, use no
outside lighting! In fact, any outside
lighting will probabily result in screen
reflections, and will also allow the
monitor bezel to show; you're only in-
terested in the display screen itself.

For project tabletop lighting, use
the 60-watt household light bulb in a

dark room, and take a I-o-n-g time
exposure. The bulb is waved from side-
to-side during the exposure to “paint
out” the shadows. The resultis usually a
very well highlighted picture with lots
of contrast and depth, and a pleas-
ant gradual darkening of the back-
ground.

Photo purists will have a fit reading
this, but—trust me—standard 60-watt
bulbs are bright enough. If you used
stronger lights you wouldn't have suffi-
cient time to “paint” away the shad-
ows, and the shorter exposure time
would be more critical.

For project photos, always use the

WAL Akherieaniadiahietar. com

smallest lens opening (f/16 or higher)
to get the clearest pictures. The ex-
posure time then depends on the
lighting, light attenuation of any filter
used, and the film speed. I've worked
all that out for you.

You may wonder why earlier | men-
tioned the use of a pencil and paper.
To assess your results, you need to
keep a record of all the settings for
each picture you take. | simply make a
table (see Fig. 1) showing the f-setting,
distance to object, exposure time,
lighting used, etc., for each exposure.
Jot down the information just before
you take each picture, and later refer
fo this record to see which settings
gave you the best pictures. Its worth
experimenting with one roll of film this
way, just so you'll know what to do for
future pictures.

Screen Session. Taking pictures of
your computer screen turns out to be
extremely simple compared to tab-
letop project photos. First of all, get
the picture you want on your screen,
and “freeze” it. This is usually done with
a “pause” command of some sort
within the computer program, or by
using a PAUSE key on the computer
keyboard. In any case, you won't be
able to get a good photo using my
method unless you can freeze the
screen for a few seconds. The screen
colors and brightness should be the
way you normally view them.

Set up the camera on the tripod so
the front of the lens is centered about
22-inches from the screen. This should
allow atypical 14-inch monitor screen
to be well within the camera view-
finder. If you use the Fuji film I've sug-
gested, you will not need any filter for
the camera.

Wirite in the settings you'll use on
your exposure record. Set the camera
shutter speed to 1 second and the
lens opening to 1. Use a cable re-
lease so the camera does not shake
when you trigger the shutter. Aim and
focus using the viewfinder, press the
cable release, and thats all there is to
it The simple parameters are: film
speed 100; f11; one-second exposure
at 22-inches; no filter.

Now. to play it safe (since your
monitor might be brighter or dimmer
than mine) take two more photos,
varying the lens opening Yz-stop ei-
ther side of £41. This is known as “brack-

(Continued on page 89)
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By Marc Ellis

Firing Up the
Tel-Ohmike
T0-4

Losf month, | introduced
you to the Sprague Tel-
Ohmike TO-4 capacitor
analyzer and resistance
bridge, our current restora-
tion project. We opened up
the case, found no signs of
tampering or charred parts,
and checked the power
transformer—which got a
clean bill of health.

Among the minor prob-
lems that we discovered
were a pushed-in viewing
glass on the working-volt-
age/leakage-current meter,

———

RT R27
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This simplified schematic shows how the TO-4 is configured for
capacitance measurements on the three lowest scales.

some very stiff slide switch-
es, and a 1619 tube (used
as a grid-controlled rec-
fifier) that tested very poor.
The glass was easily re-

a'new tube was ordered,
and all switches and con-
frols were given a going-
over with Radio Shack con-
tact cleaner/lubricant.

At the end of the session,
all knobs and buttons were
removed from the front
panel so that they—and
the panel—could receive a
soap-and-water cleaning.
The crackle finish of the
metal cabinet was also
freed of grease and grime,
with the help of a thor-

mounted in proper position,

oughly moistened Brillo
pad.

SOME FINAL FIXES

One of the first things |
did at the beginning of this
month’s session was to re-
place the line cord. The old
one was still intact and usa-
ble, but the plastic zip-cord
wire felt stiff enough to
crack if bent or stressed.
And the bakelite plug didnt
inspire confidence either. |
expect this piece of test
equipment to have a per-
manent home on my
workbench, so | equipped it
with a sturdy tubular line
cord having a heavy mold-
ed-on plug.

| also installed the new
pair of electrolytic filter ca-
pacitors that | ordered after
last month's session. The
originals were 12-uF 450-
volt units installed in series
(each paralleled by a 470K
resistor to even out the voli-
age drop) to make a 900-
volt capacitor capable of
standing up to the high
voltages (up to 600 or s0)
that could be delivered by
the power supply.

If I'd been able to find an
easy way to get hold of
600-volt or better elec-
trolytics, | would have
replaced the two original
12-uF capacitors, and their
series resistors, with a single
capacitor rated at 6 uF (the
vatue of two 12-uF capaci-
tors wired in series), or more.
However, the only elec-
frolytics | could get my
hands on quickly were 450-
volt units. So | replaced the
two original 12-pF capaci-
tors with a pair of the
closest standard size (22
nF—keeping the same wir-
ing scheme that had been
used before.

WWW amednaaaradiaohietary com
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The original electrolytics
were equipped with cir-
cumferential mounting
straps that had been se-
curely riveted 10 the chassis.
Rather than drill out the
rivets, which would scatter
metal filings under the
chassis and create vibra-
tions that might disturb
sensitive adjustments, | sim-
ply clipped the leads from
those capacitors and
abandoned the units in
place. The replacements,
which were much smaller
and lighter than the origi-
nals, were self-supporting
and did not require a
special mounting arrange-
ment.

Finally | checked the new
1619, found that it per-
formed very well on my
tube tester, and installed it.
The TO-4 was ready to try
out.

A BIT OF BASIC
THEORY

Before we apply power,
though, you should know a
bit about the TO-4's theory
of operation when in its
capacitance-measuring
mode. I've included a sim-
plified partial schematic
showing the unit as config-
ured for the three lowest
capacitance ranges. The
switches are positioned for
operation on the middle
one of those ranges
(0.0001-0.005 wF).

The circuit is a simple AC
bridge designed around
7500-ohm precision linear
potentiometer, R27, which is
the control behind the
large indicator knob at the
center of the TO4's front
panel. The bridge is con-
nected to an AC source
(the power transformer),
and the current divides be-
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Here's u good look at the instrument's indicator dial. The
multipurpose scale can be a bit confusing. Graduations have
different values in different places, and must be interpreted with

care.

tween the reference
capacitor (in this case,
C3—which is paralleled by
factory-adjusted trimmer
C2) and the capacitor un-
der test (which is con-
nected across the terminals
labeled *+“ and " —").

To find the value of the
capacitor under test, R27 is
rotated to make the cur-
rents through the test and
reference capacitors equal.
As that begins to occur, the
shadows on the screen of
magic eye tube V2—which
is connected to show the
difference between the two
currents—begin to sepa-
rate. At maximum sep-
aration, the bridge is bal-
anced and the currents are
equal.

If the test capacitor is
equal in value to the refer-
ence capacitor (in this
case, 200 pF), the indicator
knob rests exactly in the
center of the dial scale,
which is marked to read
that value of capacitance.

If the test capacitor is
larger or smaller than the
reference capacitor, the in-
dicator knob will have to be
moved in one direction or
the other from center to
make the bridge balance
and obtain maximum sep-
aration of the tuning-eye

shadows. The amount of
movement is proportional
o the size of the capacitor,
which is indicated by the
scale calibration resting di-
rectly under the knob's
cursor.

TRYING OUT THE TO-4

To test the TO-4's capaci-
tance ranges, | dug out my
Heathkit DC-1 "decade
condenser.” (Yes, this unit is
old enough to be called a
condenser rather than a
capacitor) The DC-1 pro-
vides 30 reference
capacitances, each sepa-
rated by a factor of ten,
ranging in value from 100
pF to 0.1 uk Those capaci-
tances have 1% tolerance
ratings, making the unit
ideal for checking dial cal-
ibration.

The first thing | wanted to
do was to align the main
indicator knob correctly. |
had removed it for clean-
ing. reinstalling it only in the
approximately correct posi-
fion. For a reference point, |
decided to use 0.02 pf the
vaiue of the internal refer-
ence capacitance for the
middle capacitance scale
of the five offered by the
TO-4. That meant I'd be
aligning the knob at the
exact center of the scale
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setting, where the bridge is
most accurate.

Setting the decade con-
denser for 0.02 wk | con-
nected it across the test
terminals of the TO-4. With
the copocn‘once checker
still out of its case so that |
could watch for smoke or
detect any other signs of
component failure, | flipped
on the power switch. Wait-
ing and watching for
several seconds, | saw no
signs of incipient disaster.

Next, | went about setting
the dials for a 0.02-uF ca-
pacitance check as
directed by the instruction
manual. | was gratified to
see the funing-eye tube
glow bright green as |
punched the button to se-
lect the correct measuring
range. Moving the indicator
knob through its travel, |
found that there was in-
deed a clearly defined spot
where the tuning eye
opened widest.

Loosening the indicator
knob’'s set screw, | slid it off,
then rocked the exposed
shaft slightly by hand to be
sure that it was still set for
maximum opening of the
“eye.” Finally, | carefully re-
placed the knob on the
shaft, positioned it so that
the cursor was directly over
the “02" marker, and tight-
ened the set screw again.
Rocking the control once
more to check for max-
imum opening, | found that
the knob position was
slightly off. But, repeating
the procedure, | finally got it
right.

Now | was ready to check
each of the 30 capaci-
tance values that could be
provided by the DC-1 “de-
cade condenser,” writing
down the reading obtained
from each one. Those val-
ues were spread out over
two of the TO-4's middle
measurement ranges,
spanning 0.0001-0.5 pf The
lowest range (1-100 pf} and
highest two (spanning 0.1 fo

SPRAGUE MODEL TO-4 TEL-OHMIKE

Bridge-type instrument for measuring capac-
ity and resistance. Locates open, intermittent
or shorted condensers and resistors. The only

instrument of its class that will check small

ceramic c
factor,
mfd m

megs in 3 ranges. Leakage
ma, Polarizing volta e: 0-%0
20,000 me
cycles.. sxze, 8-’;;14%%%” .

......... N K1 X

ation resistance:
120 vo]ts
Shpg. wt., 15 Ibs,
62

acitors used in
. Capacitance, 1 mmf to 2000
ranges. Resmance, 2.5 ohms-25

37. NET........ S—

sets, Power

current, 0-6/60
/600 volts. Insul-
For 110-

This description of the TO-4 appeared in the 1958 Newark
catalog. Note that the percentage accuracy of the instrument is

pointedly not mentioned.

2000 wF) would have to be
checked using different
standards.

After obtaining each of
the 30 readings, | calcu-
lated the percentage
difference of each one
from the indicated value of
the DC-1. Most differences
were urder 5% and most of
the remaining ones were
under 10%. That perfor-
mance level wouldn't be
satisfactory in a laboratory
standard, but | felt it would
be quite adequate for most
radio repair/restoration
wOork.

The differences observed
could be due to aging of
the reference capacitors in
the Sprague instrument, or
even in the decade ca-
pacitance unit. As a matter
of fact, I've been unable to
determine what measure-
ment accuracy should be
expected of the TO-4. |
couldn't find the informa-
tion either in the instruction
book or among the specifi-
cations listed for the unit in
a 1950 Newark catalogue.
So | suppose that the ac-
curacy of the instrument,
while suited to its purpose,

was nothing to brag
about even when new.

CHECKING OTHER
RANGES

| don't have any capaci-
tors on hand, precision or
otherwise, for checking the
TO-4' lowest range. The val-
ues in that bracket are not
too common in radio work.
Radio Shack does offer a
“picofarad assortment” of
capacitors (containing val-
ues from 1-33 pF) using a
Cornell-Dubilier decade
capacitance box providing
values from 1-10 wk That
instrument has a rated ac-
curacy of 3% and came
with a calibration sticker
giving the actual value of
each capacitance to two
decimal places. The C-D
box was a flea-market item,
and | have no idea of its
history, age, or current con-
dition. However, | noted that
every one of its capaci-
tances measured about 1
pF low on the TO-4,

Because of the consisten-
cy of the error, | theorize
that the problem stems
from driffing of the refer-
ence capacitor for that

wasnar o aricanradiabietaon, ~AMm

range. As a matter of fact,
while the reference capaci-
tors for the other ranges are
molded paper and silver-
mica units, the ones for that
range are wax-covered pa-
per—the kind you'd
replace on sight when
doing a thorough restora-
tion of an old receiver.

Two matched 1-pF units
are connected in parallel
to form the necessary 2-uF
capacitance, and either or
both of those could easily
have developed leakage,
or changed in value, over
the years. We'll attempt to
deal with that problem next
time.,

As far as the highest scale
(45-2000 wF) is concerned,
| checked that with a
number of different high-
capacitance electrolytics
and found that the indicat-
ed values were close
enough to be satisfactory.

RESISTANCE CHECKS

Resistance is measured
on the TO-4’ bridge circuit
in @ manner similar to ca-
pacitance. Just read the
explanation already given
for the theory of capaci-
tance measurements,
substituting reference re-
sistors for reference
capacitors, and you'll get
the picture.

| tested the various resis-
tance ranges of the TO-4
using a selection of junk-
box resistors pre-measured
on a good VOM. While the
indicated results were al-
ways somewhere near the
correct value, accuracy
was way off. That could only
be due to aging of the
reference resistors, and |
don't think it's worth trying to
correct. Resistance mea-
surements can be made
much faster with a VOM.

See you next month,
when we'll finish working on
the TO-4's capacitance
ranges and try some of the
other functions of the instru-
ment. [ |
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By Jeff Holtzman
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COMPUTER BITS

he PC industry as a

whole is growing up. In
some ways that is good; it
often means lower prices
for consumers. In other
ways it is bad, because
innovation is often the first
victim as the big corpora-
tions start swallowing up
everything in sight. One
area that so far is immune
from that syndrome is soft-
ware aimed strictly at the
home market. That catego-
ry includes games,
educational works, and
“friendly” versions of stan-
dard applications such as
word processors.

A

The sirengih of he mgnsl

Bookshelf ‘94 contains seven reference works in a spiffy new
interface. Full-text searching with Boolean logic helps you find

what you need fast.

For example, I've been
looking at several products
from Microsoffs "Home” line
for the past couple of
months, including Bookshelf
‘94, Creative Writer, and
Fine Artist. Bookshelf ‘94 is a
multi-volume reference
work; the other two are a
word processor and a bit-
mapped graphics editor
aimed at kids 8 and older.

BOOKSHELF
Bookshelf was one of the

earliest CD-ROM-based ref-
erence products. Microsoft
updates the product more
or less annually; the much-
improved current version is
light years ahead of version
1.0, which came out around
1986. Bookshelf ‘94 includes
a thesaurus, a dictionary, an
almanac, a world atlas, an
encyclopedia, a book of
quotations, and what it calls
a chronology (paragraph
summaries of historical
events in list form by date).

There are two ways to
judge a computer-based
reference work: content
and user interface.
Bookshelf ‘94 contains lots
of useful information for
high-schoolers and under-
graduates. But beyond
those levels, Bookshelf ‘94
begins to look thin. On the
other hand, the same crit-
icism applies to most
current CD-based products.
On balance, in comparison
with its peers, | would rate
Bookshelf ‘94 as an “A,” and
in absolute terms, | would
rate it a "B

it's interesting to see how
the user interface (Ul) of
Bookshelf has evolved over
the years. Although it is still
very much a Windows 3.x
product, you can see a
strong ease-of-use push
that differentiates the prod-
uct from common Windows
Ul conventions. In particular,
there is a movement away
from having to single-click
to select and double-click
to activate. Merely moving
the mouse pointer over an
object highlights it, and a
single-click activates it.

For example, the left side
of the screen contains a list
of articles. By merely mov-
ing your mouse pointer
over the list, a highlight bar
appears; by single-clicking
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an article title, the corre-
sponding article appears
on the right side of the
screen. And s you cursor
over the list, the entire text
of any title that has been
truncated appears, extend-
ing beyond the limit of the
listbox if necessary. On the
other hand, other than se-
lecting among one of the
seven included works (or all
simultaneously), the product
shows no structure, There is
no topical breakdown of
articles; choices always ap-
pear as long alphabetical
lists.

I'd love to see that type
of product come standard
with three Ul's: beginning,
intermediate, and ad-
vanced. Even better, I'd like
to see it marketed in a
standard database format
(or at least a detail-hiding
ODBC interface), rather
than the proprietary ones
currently in vogue, so that
advanced users and third-
party integrators could
build custom front ends
using Visual-Basic like-tools
and SQL (structured query
language) query strings.
(ODBC is Microsoft’s univer-
sal interface to SQL
databases.) How about it,

Quys?

KIDWARE

Fine Artist and Creative
Writer are aimed at a youn-
ger age group, and they
apply some interesting
twists to the relationship be-
tween power and ease of
use. In the traditional way of
thinking, there is a direct
but inverse relationship be-
tween power and ease of
use. Increase power, and
ease of use goes down.
Conversely, to increase
ease of use, decrease

power.
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With these new products,
Microsoft has not tried to
alter that fundamental rela-
tionship; rather, its
approach has been to
push fairly aggressively in
the direction of power, and
try fo obtain ease of use by
two strategies: Masquerad-
ing fraditional interface
elements under a graphics-
intensive guise, and provid-
ing an always-at-hand
tutorial function to help with
any rough spofts.

Creative Writer is chock
full of all kinds of fun proj-
ects—you can think of it as
Print Shop on steroids. Pri-
marily you use Creative
Writer to build greeting
cards, newspapers, and
banners. All of the modules
depend on common tools
for doing things like creat-
ing fancy text effects,
creating and placing
graphics, and defining col-
umn and border formats. All
contain ongoing step-by-
step how-to information
presented by a rather silly-
looking character called -
McZee.

Many of those features
would appeal as much to
adults as to kids—except
that the way the product is
packaged, few adults
would be caught dead
using it. Nonetheless, you
can do things in Creative
Writer that could very well
be difficult if not impossible
to do in your regular word
processor or even a
fancy desktop-publishing
program.

The results are mixed. My
nine-year-old, no stranger
to children’s software,
couldn't figure out how to
get started with it. Then it
took lots of coaching be-
fore he felt comfortable
enough to start exploring
on his own. By contrast,
after very brief intfroductions
to “grown-up” Windows
programs like Microsoft
Word, Visio, and Encarta
(another Microsoft CD-

\%Resdmond. WA 98052 i

anhBV|

ROM, this time an encyclo-
pedia), he felt insulted
when | tried to help him. It's
ironic that a kid feels more
comfortable with software
intended for grown-ups
than kidware.

Despite those criticisms, |
would still recommend all
of the above programs.
They're not perfect, but nei-
ther is any other similar
software package that is
currently available. In a few
years, they'll probably look
as dated as Bookshelf 1.0
does now. But in the mean-
time, they can be useful
and fun. And, after all, that's
what its all about. [ |

Vendor Informhtlon

Microsoft Bookshelf ‘94, Crear/ve
Writer, and Fine Amst

Microsoft Corp.

One Microsoft Way ,»
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By Charles D. Rakes

Ultrasonic
Circuits

CIRCUIT CIRCUS

his month’s visit will

cover a number of cir-
cuits dealing with the
fascinating world of ultra-
sonic sound. Look around
and you will see a number
of electronic devices oper-
ating in the ultrasonic-
frequency range. Among
them are range finders, re-
mote-control equipment,
motion detectors, fish lo-
cators, insect repellers,
plastic welders, ultrasonic
cleaners, and more. The
maijority of those devices
operate over a frequency
range of about 19100 kHz,
and sometimes even high-
er.

One note before we con-

finue: Most commercial
ultrasonic devices operate

...}]_" et T
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Fig. 1. This basic ultrasonic
generator can be built easily
and quickly.

at a fixed frequency and
use fransducers that are
designed o peak, or reso-
nate, at that frequency. The
limited bandwidth and ex-
pense of most of those
fransducers make them un-
suitable for hobby use. But
that's not a problem, be-
cause just about any piezo
speaker can be used as an
ultrasonic transducer for
both fransmitting and re-
ceiving ultrasonic signails.
While piezo speakers may
not match the perfor-

mance of a dedicated,
commercial transducer, for
our purposes they will do
just fine. The unit the author
used with the circuits that
follow was a 3%-inch piezo
tweeter that was obtained
from Radio Shack.

BASIC ULTRASONIC
GENERATOR

Our first circuit, see Fig. 1,
is an ultrasonic generator
that places the popular 555
IC timer in a variable-fre-
guency astable-
multivibrator circuit. The cir-
cuit outputs a squarewave
that, using R2, can be
tuned from about 12 kHz to
over 50kHz.

The oscillators frequency
range can be varied by
changing the value of C1;
using a smaller value will
increase the range, while
using a larger value will
decrease it.

a variable-frequency asta-
ble-oscillator circuit with a
50/50 duty-cycle, square-
wave output. The remaining
four buffers are paralleled
to boost the output for the
piezo speaker,

The improved ultrasonic
generator's frequency
range is about the same as
that of the previous one. Its
main advantage is that it
produces a 50% duty cycle
over the entire frequency
range. Again, the frequency
range may be increased by
decreasing the value of C1,
and lowered by increasing
its value. The 100k potenti-
ometer, R3, sets the output
frequency.

PLL ULTRASONIC
GENERATOR

A 567 phase-locked-loop
(PLL) IC produces the ultra-
sonic signal in our next
generator circuit; see Fig. 3.

PARTS LIST FOR THE
BASIC ULTRASONIC GENERATOR (Fig. 1)

RESISTORS

(Al fixed resistors are Ya-watt, 5% units.)

R1—22.000-ohm

R2—100,000-ohm, potentiometer

CAPACITORS
C1-—0.0018-uF, Mylar

C2—470-u.F 16-WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS
U1—555 timer, integrated circuit
SPKRi{—Piezo tweeter, see text
Power source, wire, hardware, etc.

IMPROVED
ULTRASONIC
GENERATOR

Our next ultrasonic gen-
erator, shown in Fig. 2, uses
all six buffers of a single
4049 CMOS inverting-buffer
IC. Two of the buffers, U1-a
and U1-b, are connected in

WWW ammenaaaradiaohietary com

That generator circuit offers
several advantages over
the other two circuits. For
one, the 5677 internal 0s-
cillator is designed to
operate over a very wide
freguency range, from less
than 1 Hz to over 500 kHz.
The oscillator’s output wave-
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Fig. 2. The main advantage of this improved ultrasonic generator
is that its output waveform has a 50% duty cycle over the circuit’s
entire range.

PARTS LIST FOR THE
IMPROVED ULTRASONIC GENERATOR (Fig. 2)

RESISTORS

(All fixed resistors are Ya-watt, 5% units.)
R1--1,000-0hm

R2—470,000-ohm

R3—100,000-0hm, potentiomelter

CAPACITORS
C1-—680-pf, ceramic-disc
C2—470-uF 16 WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS
U1—4049 hex inverting buffer, integrated circuit
SPKRI1-—Piezo tweeter, see text

Power source, wire. hardware, solder, etc.

= +9V

.
A

Fig. 3. This ultrasonic generator is built around a 567 PLL. By
adding a telegraph key as described in the text, it can be turned
into an ultrasonic transmitter.

PARTS LIST FOR THE PLL
ULTRASONIC GENERATOR (Fig. 3)

SEMICONDUCTORS

U1—567 phase-locked loop. integrated circuit
Q1, Q2—2N3904 NPN transistor
Q3—2N3906 PNP transistor

RESISTORS

(All fixed resistors are Ya-watt, 5% units.)
R1, R2—1,000-ohm

R3. R4—10.000-ohm

R5—50,000-ohm, potentiometer

CAPACITORS

C1-C5—0.1-pF. ceramic-disc
C6—0.001-pF, Mylar

C7—470-uF, 16 WVDC. electrolytic

ADDITIONAL PARTS AND MATERIALS
SPKRI1—Piezo tweeter, see text
Power source. wire. hardware, solder. etc.

piezo tweeters (SPKR1) im-
pedance.

The circuit's output can
be tuned from about 10 kHz
to over 100 kHz using poten-
tiometer R5. Transistor Q1 is
connected in an emitter

form, at pin 5, shows excel-
lent symmetry throughout its
operating range. The gen-
erator also offers a greater
output than the other two
circuits because the output
is a closer match to the
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Fig. 4. This wunable ultrasonic receiver is ideal for use with the
ultrasonic transmitter. It, 100, is built around a 567 PLL.

follower circuit to isolate the
567's output and to drive
the output-amplifier circuit
that is built around tran-
sistors Q2 and Q3.

The circuit can be con-
verted into an ultrasonic cw
fransmitter by routing the
IC’s ground circuit, at pin 7,
through a normally open
telegraph key. If you
choose to do that, you will
need some type of receiver
to listen to your signal; that
is the function of our next
circuit.

AN ULTRASONIC
RECEIVER

A tunable ultrasonic re-
ceiver circuit using a 567
PLL IC is shown in Fig. 4. The
IC's tunable oscillator circuit
is the same as in the pre-
vious generator circuit, and
covers the same frequency
range. An LED is placed at
the IC's detector output (pin
8) as a received-signal in-
dicator. Transistor Q1
amplifies the ultrasonic sig-
nals picked up by the piezo
speaker and passes them

PAHTS LIST Fﬂﬂ THE .
AULTRASOHIG RECEIVER {Flg

¥

EEHIEDHDHC’I'QHE

Ul—567 phase-locked loop, mtegrated cu’cuzt

QI—2N3904 NPN transistor:

LEDI—Light ermttmg dmde, any cplor

RESISTORS

(Al fixed resistors aré Va-watt, 5% umts )+

Ri, R2—1,000-ohm
R3—2,200-0hm e
R4--220,000-0hm o

R5-—-50,000-0hm, potermometer , &

CAPACITOHS »

Cl, C2-~0.1-pE ceramnc-dlsc z
 C3—0.001-pF, Mylag ~ %o

C4—0.05-pF, Mylar >

C5—470-pF, 16-WVDC, e!n.:.lm]ytlc

ADDITIONAL PARTS AND MATERIALS

SPKRi—Piezo tweeter, see text

Power source, wire, hardware, etc.

t

on to the PLL. To check out
our ultrasonic system,
power up the generator cir-
cuit and aim the speaker
across the room. Starting
with the lowest setting, ad-
just RS slowly until you can
no longer hear anything
coming from the speaker.
That should set the circuit's
output frequency some-
where between 16 and 20

.
i g 1oV
= ¢c10 <R3 s R4 R14 RS

470 22K T 22K 270Q 1:22K
A1 R2 1«
220K 220K
A"'A' 4'( AV"‘V AVAVAV
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Fig. 5. You won’t be disappointed with the performance of this sensitive ultrasonic receiver. It can
let you listen 10 bugs, bats, engines, and virtually any other source of ultrasonic sounds.
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kHz, depending on your
high-frequency hearing
ability.

Power up the receiver cir-
cuit and place its speaker
about a foot from the gen-
erator’s speaker, but aim it
in the same direction. Tune
the receiver using RS, start-
ing from the lowest
frequency setting (the po-
tentiometer’s maximum
resistance setting), and
slowly increase the frequen-
cy until the receiver’s LED
lights.

if the receiver does not
respond to the generator's
signal, aim the receiver's
speaker toward the gener-
ator’s speaker and try
again. Once the signal is
received, separate the two
speakers at least ten feet
and re-tune. Once every-
thing is working, use the
fransmitter’s telegraph key
and watch the LED on the
receiver. It should flash the
dot-and-dash pattern you
send.

Another application for
your ultrasonic generator/
receiver combination is as
a simple burglar alarm sen-
sor. Connect a 5-volt relay
between pin 8 of the re-
ceivers 567 and the

(Continued on page 83]
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By Don Jensen

Shortwave
Broadcasting
in Singapore

DX LISTENING

he “caning” incident in

Singapore gained that
Asian island nation a good
bit of attention earlier this
year. People who previously
had litfle knowledge of that
small country, no larger
than the city of Chicago,
suddenly were discussing its
hard-line approach to law
and order.

Befitting its expanding im-
portance in South Asia,
Singapore-—Singapura in
the Malay language—not
long ago also moved to the
front ranks of shortwave
broadcasting with new
fransmitting facilities.

In recent years, Sin-
gapore Broadcasting Corp.
signals often could be
heard fairly well on early
winter mornings. Now,
though, with powerful new
SW transmitters, the SBC's
overseas senvice, Radio Sin-
gapore International, is a
rather easy catch in North
America.

Singapore is strategically
located at the tip of the
Malaya Peninsula, astride
the important seaway link-
ing the Pacific and Indian
Oceans. Bustling, crowded
Singapore is the crossroads
of the Orient.

Singapore is a business
and banking center, and
one of the world’s busiest
ports. Great Britain con-
frolled the island from 1924
until the mid-1960's, when it
first joined the Federation of
Malaysia, then, in 1965, be-
came independent.

Broadcasting began in
the mid-1920', during British
rule, when an amateur sta-
fion began operation on
the medium-wave band.
The first official radio was a
shortwave broadcaster with
the callsign ZH!, owned by
the Radio Service Co. in

ing. the British Broadcasting
Corp. made plans to begin
broadcasting from Sin-
gapore, but the Japanese
invasion ended that effort.
Instead, the Japanese
forces set up a modest
tfransmitter and broadcast
o Asia and the Pacific as
Shonan Radio.

After WWII ended and,
eventudlly, the station was
handed back fo local civil-
ian authorities, the
shortwave voice operated
as Radio Malaya Singapore.
Some facilities were shared
with the BBC-controlled Brit-
ish Far East Broadcasting
Service.

With independence in
1965, Radio Singapura was
established. New studios
and offices were com-
pleted in 1972. At the start
of the 1990's, Radio TV Sin-
gapura, as it evolved,
operated with four lan-
guage services: English,
Malaya, Chinese, and Tamil,
a southern Indian language
also used in polyglot Sin-
gapore.

SBC's foreign voice, Radio
Singapore International,
now uses powerful 250-kilo-
watt shortwave transmitters.
For listeners in the U.S. and
Canada, listen for its English
broadcasts on 9,530 kHz
from 1100 to 1400 UTC. It
can also be heard in Chi-
nese from 1100 to 1300 UTC
on 9,590 kHz., and 2300 to
2400 UTC on 9,550 kHz.

Again this Christmas, Britain's Queen Elizabeth Il will broadcast
her annual message to the Commonwealth peoples on BBC
shortwave. It's a tradition begun by her father. King George V in
the 1930’s. This photo shows a young monarch during one of her
first Christmas broadcasts from Sandringham Castle more than
35 years ago.

Reception reports, with
return postage in the form
of International Reply Cou-
pons (available at your post
office) should be answered
with a QSL card from the

Singapore. It began trans-
mitting in 1935, but within a
year was transferred to the
British Malaya Broadcasting
Corporation. In the pre-
WWIl years, that low-

o December 1994, Popular Electronics

The issue of corporal
punishment aside, though,
Singapore is in many ways
progressive, modern, and
economically successful.

powered station on 6,012
kHz was considered a
rather tough logging in
North America.

With war clouds gather-

WWW._ammednaaaradiehietary com

station. The address is Radio
Singapore International, Sin-
gapore Broadcasting Corp.,
Farrer Road, PO Box 40, Sin-
gapore 9128.
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IN THE MAILBOX

“What happened o
Duetsche Welles shortwave
relay station in Rwanda dur-
ing the terrible civil war in
that east African county?”
writes Fred Marshall, Santa
Fe., NM.

The German shortwave
service has had a run of
bad luck with its overseas
SW relay operations. A few
years back, Duetsche
Welle’s fransmitting facility
in Sri Lanka was caught in
the middle of civil strife in
that south Asian country.
And now, the same has
happened in Rwanda.

At this writing, the fragic
events in Rwanda are con-
tinuing. | have not heard yet
how the Duetsche Welle re-
lay station near Kigali, the
capital, has fared. It was
one of the best-equipped
facilities of its type in Africa.

it has been reported,
however, that the German
engineering staff was evac-
uated safely. Obviously, DW
programming is not being
aired by the Kigali station,
which, as | write, is silent.

Deutsche Welle, accord-
ing to a report from an
Ontario DX Association
member, Colin Miller, asked
South Africa’s Channel Af-
rica to rebroadcast the
programs formerly aired by
the Kigali fransmitter. As you
read this, DW programming
directed fo Africa probably
will be coming from South
Africa, rather than Rwanda.

Here's a guestion from
reader Margaret Lewin,
New York City, who asks
about the status of short-
wave Clandestine
broadcasting: "l haven't
heard too many of these
Clandestine stations,” Mar-
garet writes, “but they have

*Credits: Richard D'Angelo, PA;
Harold Frodge, MI; Marie Lamb,
NY; William McGuire, MD;
Sheryl Paszkiewicz, WI;

North American SW Associa-
tion, 45 Wildflower Road,
Levittown PA 19057

always interested me. The
names of some of these
secret stations have crop-
ped up in news stories in
the New York Times over the
years. | haven't seen any
clandestine station refer-
ences lately. What's
happened to Clandestine
broadcasting?”

Clandestine radio sta-
tions come and go.
Wherever there is frouble in
the world, you can bet
there will be some country
or political group getting
on the air to stir the pof!

For years, Clandestine
broadcasting seemed to
be focused on southeast
Asia. Then it was Cuba and
Latin America, and in re-
cent years, the Middle East.

But, yes, while it is no
doubt o temporary con-
dition, Clandestine
broadcasting activity is
down. The best data | have
is Mathias Kropf's
Clandestine Activity Survey.
which compares 1993 ac-
fivity with the previous
years.

Kropf reported that over-
all Clandestine activity
dropped 11.1 percent in
1993, to an average total of
1,883 hours weekly. That, he
says, is the lowest level of
Clandestine broadcasting
since 1986.

Most affected was Africa,
where Clandestine broad-
casting decreased by
about 30 percent from
1992, Broadcasting to Asia
went down 9.2 percent,

The top three most-active
Clandestine target areas,
Kropf reported, were Cuba,
Irag, and Iran, with 388, 288,
and 244 weekly broadcast-
ing hours, respectively. With
the independence of
Eritrea from Ethiopia in Af-
rica, Clandestine
broadcasting fo the latter
plummeted from nearly 150
hours a week to zero. What
were the new Clandestine
radio targets in 19937 They
were Turkey; Tajikistan, one

of the former Soviet re-
publics; Somaiia; and Egypt.

I'm looking forward to
Kropfs Clandestine Activity
Survey for 1994 to see if
there have been any signifi-
cant changes from that
data during the past 12
months.

DOWN THE DIAL

Here are some of the
stations that are being re-
ported on the shortwave
frequencies recently:

BRAZIL- 4,805 kHz.
Radiodifusora Amazonas
has been heard just before
0100 UTC with popular Bra-
zilian songs, rock oldies, and
jingle identifications in
Portuguese.

CANADA 6,015 kHz.
Radio Austria Internationals
English “Report from Austric’”
is relayed by a Canadian
transmitter at 0630 UTC until
0655 UTC sign off.

GHANA 4,915 kHz.
Ghana Broadcasting Corp.
operates on this frequency
until 0100 UTC sign off with
the national anthem, fol-
lowing news highlights and
final announcements.

PAPUA NEW GUINEA—
4,890 kHz. Back on this fre-
quency is the National
Broadcasting Co. of Papua
New Guinea, noted at 1050
UTC with music and NBC
news at 1100 UTC.

SINGAPORE—9,530 kHz.
Radio Singapore Interna-
tional has been logged
here in English at 1158 UTC,
with country and western
music, pop oldies, and a
time announcement at
1200 UTC.

SLOVAKIA—5,930 kHz.
Slovak Radio has its English
fransmission on this fre-
quency at 0100 UTC with
news, a business report,
and a press review. |

Troubleshooting

Name

From Not-Working._.
to Networking! /°

Local-Area Networks!

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

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

CLAGGK Inc., Reprint Bookstore
P.O. Box 4099, Farmingdale, NY 11735

Please rush my copy of “From Not-Working to Networking.” | enclosed
payment of $5.00 which includes shipping charges.

Address

City

State 21P

add applicable sales tax.

WWW. aknerieaniadiahigstory.com

Sorry, no orders excepted outside of United States and Canada. All
Payments must be in U.S. funds. Send check or money order payable to
CLAGGK Inc.—do not send cash or stamps. New York State residents
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ELECTRONICS MARKET PLACE

FOR SALE

CABLE test chips, Jerroid, Tocom, 5.4,
Zenlth. Puts cable boxes into full service
mﬁnl £20.95 1o $50.95. 1 (B00) 452-T000, {310)

SECRET cable descramblers! Build your own
dascramider for less than $12,00 in seven easy
stopsl Radio Sheck parts As! and free descram-
biling methods hat cost IE;E,I. inciuded.
Send $10,00 1o; INFORMATIO! TORY, PO
Box B8O, Seabrook, TX 77586, For CODS (T13)
9223512 any tme! .

300 Experimenters Clrcults — Complete in 6
Eractical books using diodes, relays, FET's,

ED's, IC 555's, and IC CA3130's for building
blocks. Only $33.00 glus' $5.50 for shippin%us
and Canada only. US funds. ETT, INC., Box
240, Massapequa Park, NY 11762-0240.

We ama

convertera descramblers.
amail with smail 1
mpm'ﬁ 50) 7 Ell'l'llllnj: pricing :

gveusatry 1

DESCRAMBLE cable by “tricking” your cable
box. Complete easy instructions only $9.95.
INTERPOLL, PO Box 433-A, Valrico, FL

HOURLY shortwave station list of international
English broadcasts audible in North America;
stays current, published every two months, $6.00.
JS ASSOCIATES, INC., Dept. A, Box 50264, St.
Louis, MO 63105.

CABLE accessories. Converters da-

33594-0433. ane & small company with Big

scrambilers. We
Discounts. Call 1(800) 775-0444

* 1994 CATALOG o
OF THE WORLD'S MOST FAMOUS
CB ANTENNAS & ACCESSORIES
— FIRESTIK ANTENNA —

2614 E. Adams - Phoenix, AZ 85034
Write or Call, 602-273-7151

CABLE descramblers and test turn-on kits avail-
able for most makes and modeis. No catalog, no
800 number equals your lowest prices. Call
others, then compare our prices! We repair most
cable equipment, and pay cash for unwanted ca-
ble boxes. No Florida sales. (305) 425-0751.

THE Case Agalnst Patents. Thoroughly tested
and proven alternatives that work in the real world.
$28.50. SYNERGETICS PRESS, Box 809-C,
Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

PRINTED circuit boards — etched, drilled, tin

plated. Single sided $1 .25/sg. inch. Free shipping.

CHELCO ELECTRONICS, 61 Water Street,

;Aa 3'22 NY 14757. 1 (800) 388-8521. Fax (716)
-3220.

CB RADIO OWNERS!

We specialize in a wide variety of technical
information, parts and services for CB
radios. 10-Meter and FM conversion kits,

repair books, plans, high-performance
accessories. Thousands of satisfied
customers since 1976! Catalog $3.

CBC INTERNATIONAL, INC.
P.O. BOX 31500PE, PHOEMNIX, AZ 85046

PROTECT yoursed and cash in on crime, security

devices cﬁaﬁ_jga A ial offer. $5.00, write
GEMINI E PR PO Box 1658, Bristol,
CT 08011-1558.

DESCRAMBLE cable with simple circuit added to
Radio Shack RF modulator and using cable realt\:lly
VCR as tuner. Instructions $10.00. TELCOM,
POB 832P12, Brusly, LA 70719.

LOW prices on electronic parts since 1970. Get
our monthly fiyer. Phone/fax (702) 795-7151.
STAR-TRONICS, Box 98102, Las Vegas, NV
89193.

CABLE TV converters & descramblers. Whole-
salers welcome! 30 day $$$ back! Free catalgg!
PERFORMANCE ELECTRONICS INC. 1 (800)
815-1512.

CLASSIFIED AD ORDER FORM
Tomnyourovmclaum.d.d.putonowofdon“cho'ﬂnllmbdowandnndﬂnlﬂormnlong%yourchockto:
Popular Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale, N.Y. 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $11.00.

Plans/Kits ( ) Business Opportunities ) For Sale

Education/Instruction ( ) Wanted ( ) Satellite Television

Special Category: $11 00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless You clearly print or type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5
e 7 8 T 9 100

1 12 I T D ' 715 ($23.25)
T16($24.80) 17($26.35)  18($27.90) 19($29.45) 20 ($31.00)
T21($32.55)  22($34.10) 23 ($35.65) 24 ($37.20) 25 ($38.75)
T26($40.30)  27($41.85) 28 ($43.40) 29 ($44.95) 30 (346.50)
T31($48.05)  32(849.60) 33 ($51.15)  34($52.70) 35 (354.25)

We aweft MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill
in the following additional information (Sofry, no telephone orders can be accepted.):

Card Number Expiration Date

PRINT NAME SIGNATURE

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION Wil L NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuais offering commercial products or services)
$1.55 per word prepaid (no charge for ZIP code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues within one year; 10% discount for 12 issues within one year if prepaid. NON-COMMERCIAL RATE:
{for individuals who want to buy or sell a personal item) $1.25 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 30¢
per word additional. Entire ad in boldface, $1.85 per word. TINT SCREEN BEHIND ENTIRE AD: $1.90 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $2.25 per word. EXPANDED
TYPE AD: $2.05 per word prepald. Entire ad in boldface, $2.45ﬂer word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $2.55 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $2.95 per word. DISPLAY ADS: 1" x 2%"—$225.00; 2" x 2ww—$450.00; 3" x
2v"—$675.00. General Information: Frequency rates and R‘repa ent discounts are available. ALL
COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.0. BOX ADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 13th of the fourth month preceding the date of
issue (l.e.; Sept. issue copy must be recelved by May 13th). When normal closing date falls on
Saturday, Sundaz or Holiday, Issue cioses on preceding work day. Send for the classified brochure.
Circle Number 49 on the Free Information Card.

WWW._akhrerieaniadiahictary com
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UNASSEMBLED Eico capacitor checker model
955, assembled Heath M model 1M-11, new
BSR stereo freq equalizer model EQ-3000. Best
offer (617) 331-4874.

PLANS & KITS

60 Solderless Breadboard Projects in two easy-
to-read pocket books. Complete with circuit de-
scriptions, schematics, parts layouts, component
listings, etc. Both books (BP107 & BP113) only
$11.90 glus $3.50 for shipping. USA ang‘Canada

B

L

Learn to fix computers!

Home study. Eam great money repairing I
troubleshooting, upgrading, and installing

PCs. Free litorature: 800-223-4542.
RPN |
Address —
cty  _swws____Zp
The School of PC Repalr, Dept. JP341
8085 Roswell Road, Atianta, Georgla 30328

Name

EDUCATION/INSTRUCTION

only. US funds. ETT, INC., PO Box 240, pe-
qua Park, NY 11762-0240.

SURVEILLANCE/countersurveillance, bugging/
phone tapping detector, telephone/fax encryption,
vehicle tracking, covert video, transmitter kit, and
more...A.B. ELECTRONICS, (718) 253-3637.

CRYSTAL set Handbook — Visit antiquity by
buildingthe radios your grandfather built. Assem-
ble a “Quaker Oats” rig, wind coils that work and
make it look like the 1920's! Only $10.95 plus
$3.50 for shigpir]lg and handlingo LECTRONIC
TECHNOLOGY TODAY, INC., PO Box 240, Mas-
sapequa Park, NY 11762-0240. US funds only!
USA and Canada — no foreign orders.

COUNTER-Surveillance technicians earn
$250.00 hr! Free catalog and complete dealer
information shows you how! 1 (800) 732-5000.

BUILD a 486 personal computer. Easy reading
guide $19.95. QUANTA ENTERPRISES, PO Box
73, Dept. 50, Northfield, NJ 08225.

UNIQUE kits, kits for beginners, basic test
equipment, instruction, and great holiday kits. Low
prices, 8uaranteed kits and free info.
ANDERSON ELECTRONICS, 18603 N. Hwy. 1,
Ste. 74, Fort Bragg, CA 95437.

GAUSS meter plans — measure potentially
harmful electromagnetic fields in and around Iyour
home. $10.00 to THOMPSON ENGINEERING
PO Box 3043, W. Lafayette, IN 47906.

ELECTRONIC engineering. 8 volumes com-
lete. $109.95. No prior knowledge required. Free
rochure. BANNER TECHNICAL BOOKS, 1203

Grant Avenue, Rockford, IL 61103.

BECOME an amateur radio operator ham. infor-
mation how $3.00 D&S INT., PO Box 73560,
Metairie, LA 70033-3560.

DIGITAL electronics, learn at home or college for
digital computers, full color illustrations 360
pages. Send $29.95 to PJ ENTERPRISES,
26551 Sparks St., Highland, CA 92346.

LOSE your accent. Increase your professional
and social opportunities by eliminating your for-
eign/etnic/regional accent. Free info. 1 (800)
806-8555.

SOUND systems explained — Instructional
video “Understanding Sound Systems’. Improve
the sound in your facility. $29.95 ATLANTIC MUL-
TIMEDIA, PO Box 58126, Raleigh, NC 27658.
(919) 876-8432.

LOUDSPEAKER kit plans. Build your own loud-

speakers. Expert kit plans for your home audio

system. Easy to build designs create the perfect

Iistenin%experienceA Free plans. AUDAX OF

gMERI A, 10 Upton Drive, Wilmington, MA
1887.

BUSINESS OPPORTUNITIES

EASY work! Excellent pay! Assemble products at
home. Call toll free 1 (B00) 467-5566 ext. 5730.

START your own technical venture! Don Lan-
caster's newly updated Incredible Secret Money
Machine |l tells how. We now have autographed
copies of the Guru's underground classic for
$18.50. SYNERGETICS PRESS, Box 809-C,
Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

INVENTIONS

FREE Invention package: DAVISON & ASSO-
CIATES offers customized development, patent-
ing, and licensing for new products and ideas.
Proven resulits: 1 ?800) 677-6382.

BOOKS

ROBOT books! Free catalo
COGNITIONS, Dept. 1200, 71
Exeter, Rl 02822.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the Classified Ad order form and
we will bill you.

BUY BONDS

by mail! Write:
idowSweets Rd.,

You Need
Tree City USA

Jr
ity trees add ]
the soft touch

of nature to our
busy lives

Support Tree
City USA where
you live. For your
free booklet, write:
Tree City USA,
The National Arbor
Day Foundation,
Nebraska City, NE
68410

The National
Arbor Diry Fonpnku iy

N U-TEK  Video Stabilizer )
ELECTRONICS 95
¢ 49

efled
C CABLE TV
EQUIPMENT

1-800-228-7404

IN Picruge  Stereo

PIP WORKS ON ALL TV'S, 181 CHANNEL CAPABILITY.
REMOTE CONTROL. 4 SOURCE INPUTS

T connm G EO 0 e
\UPS Fgststen ™ | 530 toich Cedor P X 18613

Free Sample!
Antique Radio’s
Largest Circulation Monthly. |5=€2)
Articles, Ads & Classifieds. —

A.R.C., P.O. Box 802-L12, Carlisle, MA 01741

ANTIQUE RADIO CLASSIFIED

BB DY
=HOR - |

6-Month Trial: $16.95. 1-Yr: $31.95 ($47.95-1st Class).

BEST BY MAIL

Rates: Write National, Box 5, Sarasota, FL 34230
OF INTEREST TO ALL

CASH PROFITS RECYCLE Oll For Vehicles 1-900-287-1283

$3.00 Per Minute, Total $9.00. 18yrs Or Older.

MEXICO TRADE DIRECTORY $15.00 Postpaid. Box 661, Dal-

las, GA 30132. o

HOW TO BUY FEDERAL surplus property. Simple instruc-

tions. $1.00: DECY, Box 1294, Severna Park, MD 21146.

PINBALL MACHINES BOOKS, Parts, Supplies. Catalog

$1.00. MARCO, 2401-(PE) Sunset, West Columbia, SC 29169-

4717

MONEYMAKING OPPORTUNITIES

INTERESTED IN A High Dollar Proven No Gimmick Casn
Business? With Crime On The Rise And People Looking For
An Alternative To Fear Join One Of The Fastest Growing
Businesses There Is Today, Become A Professional Dog
Trainer! Call Or Write For FREE COLOR BROCHURE.
UNITED STATES K-9 ACADEMY, 3821 E. Main Street, Water-
bury, CT 06705. 1(203)574-9985.
SURPLUS PROPERTY BRINGS you big bucks! Guaranteed
guide shows you how. Send $10.00 to PLATINUM PRESS,
19(C) Castro St., San Francisco, CA94114.
MAKE $2,500 WEEKLY AT HOME. FREE Details Write: RO.
Box 412, Bozeman, MT 59771-0412.

RECEIVING TUBES
OVER 3000 TYPES IN STOCK!

Also hard-to-find transformers, capaci-
tors and parts for tube equipment.
Send $2.00 for our 32 page catalog.

ANTIQUE ELECTRONIC SUPPLY
6221 S. Maple Ave.sTempe, AZ 85283+602-820-5411

WWW. ammerseasadiohistery.com
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& December 1994, Popular Electronics

By Joseph J. Carr, K4IPV

A Funny Little
Antenna

HAM RADIO

he problems associ-

ated with designing
and building limited-space
antennas can be challeng-
ing, to say the least. But with
the large number of hams
living in apartments, con-
dos, townhouses, row
houses, or just small houses
on cramped lots, | get a lot
of requests for information
on those types of antennas.
Most of those folks don't
have enough space to put

[=SEE TEXT
D=0.5-2 INCHES
(SEE TEXT)

E=.007%

"APPROXIMATE (FIND
EXACT VALUE WITH
VSWR METER)

Fig. 1. The DDRR antenna can be an adequate performer when
space considerations prevent building a larger antenna.

up a half-wavelength di-
pole. Even a vertical can
be a challenge because
the radial field needed to
make the thing even the
least bit efficient takes up
considerable space. The ra-
dials must each be Ys-
wavelength long, and that
might mean 33 feet or so at
40 meters.

A receiver operator can
get away with just a wet
string and @ prayer, but the
ham operator is in a dif-
ferent pickle: The ham

needs an antenna that the
transmitter will load into
without blowing the finals.
So much for bits of wire
strung around.

The only way a ham op-
erator can use a random-
length wire is to either pro-
vide a "good ground”
(which is often impossible
for the same reasons that
keep a better antenna
from being built in the first
place), or a radial field sim-
ilar to that of a vertical,
Even a single radial can
take up a lot of space.

One answer to the prob-
lem is to use transmitting
loop antennas. Although
there are a number of dif-
ferent designs, including a
couple pioneered by the
late Johnnie H. Thorne,
KANFU/S, most of them suf-
fer from too many problems
10 take seriously. There is an
exception to that, however.

THE DDRR

One popular form of
small transmitting loop an-
tenna is the Directional
Discontinuity Ring Radiator
(ODRR) shown in Fig. 1. The
DDRR antenna is a small-
diameter ring mounted a
few inches to a few feet off
a ground plane made of
sheet metal, metal-wire
window screen, or even
chicken wire. The radiator
ring is made of copper
tubing bent into a circular
shape. For antennas de-
signed for the upper end of
the HF bands, you can use
the soft-drawn pipe sold in
do-it-yourself hardware
stores and plumbing-sup-
plies stores,

| particularly like the 0.5-
to 2-inch soft-drawn cop-
per tubing because it
comes wrapped in a coil at

WWW_ amerazanadieohietary com

the store. Art Stokes, N8BN,
of VLF-receiver and solar-
monitoring fame, hit me
with @ "BFO” (blinding flash
of the obvious) when he
related how he built a VLF
shielded loop. He used that
same copper tubing for the
shielding. Art told me that
he had the clerk at the
store very carefully cut the
one-turn segment that he
wanted without unwinding
the coil, so that he wouldn't |
have to bend the material
when he got it home.

If you have to bend it
yourself, then good luck—its
a chore. However, there are
some things that make it
easier. For one thing, the
circle need not be perfect.
Since it is best that the
antenna be built on a
plywood backing anyway,
you could scribe a circle of
the right diameter onto the
plywood with a piece of
chalk and string. Place a
small nail at the center of
the circle, and then tie one
end of the string to it. The
string should be a bit longer
than the radius of the desir-
ed circle. Tie the chalk to
the end of the string, and
then drag it around the nail,
making a circle on the
plywood surface. Next,
place some 10-penny nails
every couple of inches all
the way around the circle.
That array of nails becomes
the form for bending the
ring. Anchor the copper at
one point on the circle (a
long sheet metal screw
through both the copper
tube and the plywood will
do well). Gently bend the
copper tube in segments
around the circle by push-
ing it against the nails.

You will note in Fig. 1 that
the loop is not continuous; it
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Fig. 2. The length of the air gap will depend on the operdting
frequency and can be found using this chart.
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Fig. 3. Here's a side view of the DDRR. The ground plane can be

PLYWOOD BASE

made of sheet metal. metal screening, or even chicken wire.

is broken at the feedpoint.
The length of the break
(dimension c in Fig. 1) is
important and depends on
the operating frequency.
Figure 2 is a graph that
gives the dimension for vari-
ous frequencies.

Once the loop is formed,
the end closest to the coax-
ial cable is bent 90 degrees
and grounded. The length
of the small vertical section
(labeled ¢ in Fig. 1) is 0.007
wavelength. The far end of
the ring is connected to @
variable capacitor. At even
moderate fransmitting
power, that is a high-volt-
age point, so use a
fransmitting variable ca-
pacitor with a relatively
wide air gap (greater than

0.125 inch), or a vacuum
variable capacitor. The lat-
ter are expensive new, but
can often be bought sur-
plus at a reasonable price.

The ring diameter is 0.08
wavelength. For 7 MHz that
works out to (0.08)(300)/7 =
3.43 meters, or 135 inches
(11.25 feet). At 24 MHz, it
works out as (0.08)(300)/24
= 1 meter, or 39.4 inches
(3.28 feet).

A side view of the DDRR is
shown in Fig. 3. As you can
see, the antenna mounts
just a short distance above
the ground plane. The base
of the antenna is a piece of
¥s- or Y2-inch plywood cov-
ered on top with a
conductor (sheet metal,
wire screen, or chicken

TABLE 1
Band (MHz)
Dimension | 7 10 14 18 21 24
A 343m 223m 167m 13m 11m 098m
B 77cm 54cm 39cm 3cm  26cm 2.2cm
E 30cm 21cm 15cm 12cm 10cm  88¢m

wire) used as a ground
plane as discussed eariier. If
the DDRR is mounted on
the ground, rather than in
an attic or elsewhere, then
earth ground the ground
plane.

The stand-off insulators
are ideally ceramic RF in-
sulators, but those are hard
to find. Suitable insulators
can be cut from 1inch or
larger rods of Lucite or
other material. The material
must be capable of with-
standing high RF voltages.
Some people use wooden
dowels that have been
treated with lacquer or
other coatings to prevent
their absorbing moisture. |
don’t recommend those for
higher power levels, but
they should work well at low
power levels.

For your convenience, di-
mensions for the common
ham bands from 7 to 24
MHz are given in Table 1.
Below 7 MHz, the ring con-

ductor must be pretty large

for efficient operation, and
that makes 1.8- and 3.5-
MHz DDRR antennas a bit
much to build. Above 24
MHz, a dipole will fit inside a
typical upstairs bedroom
and is a lot more efficient,
so there is some guestion as
to why anyone would build
a 28-MHz DDRR.

A SAFETY NOTE

The last thing that I'll say
about the DDRR concerns
safety: At even moderate
power levels, and certainly
at power levels within the
legal limit for ham fransmit-
ters, huge currents and very
high RF voltages are pres-
ent on the antenna. You
must take care to prevent
anyone from accidentally
touching it during opera-
fion. An RF burn is rather
painful and deep. Also,
keep it away from nearby
objects that could either
catch fire (which is true for
any antenna) or be

damaged by an arc. [ ]

There is a ¥

W

good time to

call the

The best time to call
1-800-TAX-1040 i$
tween 8 and 10 a.m.,or
after 2:30 pm. on wed- P,
nesday, Thursday or  f}
Friday. It's just one ¥
more way we're giv- gl
ing you helpful advice. 1'%

%

WWW. ameisaanadiohistery.com
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By Marc Saxon

Christmas
Stocking
Stuffer

o
]
-

SCANNER
SCENE

ere’s a gutsy little

handful that would fit
just fine into a Christmas
stocking. It's the Uniden
Bearcat BC-2500 continu-
ous-band scanner, a 400-
channel handheld dyna-
mo. The unit is notable for
its wide frequency
coverage, including prac-
fically everything between
25 MHz and 1.3 GHz. There
is a small coverage gap
from 550 to 760 MHz, which
lies in the UHF-TV band, and
the cellular bands are
blocked out at the factary.

If Santa leaves a Uniden BC-2500 under vour tree, you'll be
gifted with 400 channels and exceptionally wide frequency

coverage.

The BC-2500 has features
galore, with memory stor-
age set up in 20 bands of
20 channels each. Pro-
grammed frequencies are
automatically sorted within
each bank for quicker
scanning, allowing the unit
to scan at nearly 100-chan-
nels-per-second. The radio
can also be made to scan
slowly at less than 20-chan-
nels-per-second. You can
reassign a stored frequency
to another bank’s open
channel. There are 10 pri-
ority channels available.

When in search/scan
mode, there is a feature
that can store wanted fre-
quencies at available
memory locations in any
bank. When that is accom-
plished, the unit auto-
matically returns 1o its
search/scan tasks.

In addition, frequencies
can be selected using the
keypad, and a rotary tuning
(VFO) control makes it easy
to closely examine groups
of frequencies. A special
key accesses and scans the
NOAA weather band.

Selectable operating
modes include NFM, WFM,
and AM. Selectable incre-
ments during search are
1.28. 5, 25, or 50 kHz, or
“Auto.”

This is @ scanner you can
ask Santa to bring—or ask
any Uniden scanner dealer
about this versatile hand-
heid.

CIVIL AIR PATROL VHF
The Civil Air Patrol (CAP) is
the U.S. Air Force Auxiliary.
The CAP is staffed by civilian
volunteers who are always
ready to undertake various
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important emergency tasks.
The CAP is perhaps best
known for its successful
Search-and-Rescue (SAR)
and disaster-area opera-
tions.

We have seen many bits
and scraps regarding the
VHF communications fre-
quencies used by the Civil
Air Patrol, but nothing com-
prehensive. A Texas reader,
Jack L., of Tarrant County,
provided information that
he claims is complete and
national in scope.

The primary repeater fre-
quency is 14815 MHz
(143.90 MHz input); the sec-
ondary repeater is 148.125
MHz (143.75 input). Each re-
peater has a standard
CTCSS of 100 Hz, and will
also respond to a locally
assigned CTCSS. The re-
peater output frequencies
are also used for simplex.
Air/lground use of repeaters
is limited to making the
initial contact, then switch-
ing to the air/ground
frequency.

The CAP’s air/lground fre-
quency is 149.5375 MHz.
Search-and-Rescue opera-
tions are on 123.1 MHz, with
practice SAR's on 122.9 MHz.
The control channei is
148.1375 MHz. Packet oper-
ations are on 149.895 MHz.
CAP AM and USB opera-
fions are on 26.620 MHz.
There are USB operations
on 26.617 MHz.

BEHIND THE SCENES
When you tune in a VHF
or UHF station intended for
wide-area signal coverage,
keep in mind that the trans-
mitter and antenna site is
most likely situated at a very
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high point some distance
from its control point. In a
metropolitan areq, that
could be on a tall building
or tower. Outside of urban
areaqs, the only sufficiently
high locations are sites
atop mountains or other
high points, and they have
been popular instaliation
points for VHF/UHF transmit-
ters and antennas.

Regardless of their loca-
tions, remote transmitter
and repeater sites have
certain basic needs. They
must be powered, and they
must be fed the information
that they are to transmit. In
metro locations, these
things can usually be pro-
vided by power lines and
land lines. In remote, subur-
ban, and rural areas, or any
place where commercial
power isn‘t readily avail-
able, it might need to
come from on-site storage
batteries, generators, etfc.

The signal information to
be passed to a distant re-
mote VHF or UHF transmitter
might be transferred there
from the control point by @
microwave link. Many in-
stallations, however, don't
use microwave. Instead,
they use VHF or UHF links
that consist of control sta-
tions and relay stations.
Those signals are “behind
the scenes” tfransmissions,
and make for interesting
signal hunting.

NOAA weather-forecast
transmitters in the 162-MHz
band are usually fed signals
by land line. Where that isn't
feasible, UHF control links
are used on 41010, 410.575,
415,90, and 416.375 MHz.
Where a NOAA fransmitter is
so distant from a control
point that it cant be ac-
cessed with a single hop, a
relay link may be added
midway to reach the trans-
mitter. When that is done,
the relay output of 410575
MHz is mated with the input
of 410.10 MHz. Alternately,
the output frequency

416.375 MHz is paired to the
input, 41590 MHz.

Where are good places
to look for control and relay
links? If your scanner can
tune the 72-76-MHz band,
you'll find many signals
there. Most will probably be
radio paging stations, possi-
bly a few with voice
paging.

Any paging signals that
you hear in the
1567.77-168.67-MHz bands,
as well as 459.025-459.65
MHz, are control links used
by radio-paging compa-
nies. None are signals
intended to be received
directly by beepers. Al-
though | haven't picked up
any activity in the 157-188-
MHz band, the 459-MHz
band is quite filled with
those tfransmissions.

Remote transmitter relay
and control links aren't im-
ited only to NOAA and
pagers. Readers have re-
ported them in use by
some state police agen-
cies, and they are also used
in other services. The one
great repository for those
stations seems to be the
72-76-MHz band.

FROM THE MAIL SACK
Paul Castle, of Connecti-
cut, reports that during @
scan/search, he discovered
a considerable amount of
unusual activity on 167.15
MHz. There is some occa-
sional voice commu-
nication, he notes, but
much of what he hears
consists of bursts of “hissing.”
About twice an hour, the
station transmits a message
in CW. Paul doesn't read
CW, but he taped it, then
played the tape at half
speed and copied that the
station had sent "KEC281."
The call letters are assign-
ed to the FBI office in
Richmond Hill, New York,
and that frequency belongs
to the agency. The hissing is
the sound of digital voice
scrambling. n

CIRCUIT CIRCUS
(Continued from page 74)

positive terminal of the bat-
tery. Set the two speakers
about one foot apart and
aimed in the same airec-
tion, but away from any
close object. When some-
one moves close to and in
front of the two speakers
the sound will reflect back
causing the receivers relay
to activate. The relay’s out-
put can then be used to
activate some type ot
alarm or annunciatior.

The circuit, shown in Fig.
5, operates on the direct
conversion principle. Tran-
sistors Q1 and Q2 amplify
the ultrasonic signals
picked up by the speaker.
The output, at Q2's collector,
feeds the input of the JFET
(@3}, which is connected in
a product-detector circuit.
The PLL (U1) here is used as
a funable heterodyne Os-
cillator that also feeds the
input of the JFET detector
circuit. The incoming ultra-
sonic signal mixes with the
heterodyne-oscillator signal
producing a sum and dif-

PARTS LIST FOR THE
SENSITIVE ULTRASONIC RECEIVER (Fig. 5)

SEMICONDUCTORS

U1—567 phase-locked loop, integrated circuit
U2—L.M386 audio power amplifier, integrated circuit
Ql, Q2—2N3904 NPN transistor

Q3—MPF102 JFET transistor
RESISTORS

(All fixed resistors are Ya-watt, 5% units.)

R1, R2—220,000-ohm
R3-R6—2,200-ohm
R7—1,000-ohm

R8, R14—270-ohm
R9—100,000-ohm
R10—4,700-ohm
R11—10,000-ohm

R12—50,000-ohm, potentiometer
R13—10,000-ohm, potentiometer

CAPACITORS

Cl, C2. C5—0.01-uF, Mytar
C3—0.047-pF, Mylar
C4—0.0022-uF, Mylar

Cé6. C7, Cll, C12—0.1-uFE ceramic-disc
C8—10-uF, 16 WVDC, electrolytic
C9—47-uF, 16 WVDC, electrolytic

| C10—470-uF, 16 WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS

SPKR1—Piezo tweeter, see text

Power source, headphones or speaker, wire. solder, etc.

A SENSITIVE
ULTRASONIC RECEIVER
Our last entry this month
is a very sensitive ultrasonic

receiver that can fune in
just about anything in the
ulfrasonic frequency range.
You can hear bugs, bats,
engines, etc, it can aiso be
used with our ultrasonic
generators.

ference frequency. The high
frequency content is filtered
out by the combination of
C3,R8, and Cé. The re-
maining low-frequency
output is passed on to the
input of the LM386 audio
amplifier. A speaker or
headphones may be con-
nected to the circuit’s audio
output. | |
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L December 1994, Popular Electronics

Troubleshooting
& Repairing
Compact Disc
Players: 2nd
Edition

by Homer L. Davidson

ELECTRONICS
LIBRARY

The second edition of this prac-
tical guidebook gives
professional technicians as well
as students all the hands-on
service information they need to
repair problems in the latest
CD-player makes and models.
The book opens with a clear
explanation of the basic princi-
ples common to all compact-
disc play