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know in one easy to
use volume. Provides a
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EDITORIAL

INTRODUCING MARKET CENTER

Not too many years ago, being an electronics hobbyist was
among this country’s most popular pastimes. There were
literally millions of basement workshops, and in towns large
and small there was always a local merchant ready to supply
the many tubes, capacitors, resistors, and what-have-you's
that were greedily snatched up by a public that was fascinated
by anything electronic.

As time went on, tubes gave way to transistors, which gave
way to integrated circuits. Along the way, as such things
usually go, some of the fascination began to fade, and with it
many of those local parts suppliers.

Today, being an electronics hobbyist is truly a labor of love.
Unless you are exceedingly fortunate, building a project or
doing some electronics experimenting usually means turning
to mail-order suppliers to obtain at least some of the parts.
And even then, if the part you need is “exotic,” finding it may
entail searching through dozens of catalogs and making at
least as many telephone calls, especially if you are not familiar
with the relatively few companies still around that go out of
their way to help the hobbyist.

It's not surprising, then, that of all the questions we get asked
here at Popular Electronics, among the most popular is
“Where can | find. . .?" This month we'll show you where to
look. Starting on page 48A, you'll find the Popular
Electronics Market Center, a special advertising section
highlighting mail-order merchants who want to help you find
what you need.

As you browse through the Popular Electronics Market
Center, you'll find merchants dealing in all types of
components, surplus gear, computer gear, audio and video
gear, and much more. It's literally a one-stop supermarket for
everything electronic; look for it every second month, and only
in Popular Electronics.

P.S. When you call or write, tell 'em we sent you!

S

Carl Laron
Editor



\
L\ «&
‘&‘Qﬁ‘a 2,
‘3\“"‘“‘0“"@’0&

1 ¢
?

JOSEF BERNARD
1. ——

3260P $14.95

INDUSTRIAL
LLECTRONKYS

TECHNICIANS

il

9290 $38.00
Counts as 2

3321P $16.95

3457 329.95 3279 $36.95
Counts as 2 Counts as 2

3485 $27.95
Counts as 2

3540  526.95
Counts as 2

7
ROBDNANIA
& PROIC

2800P 516.95 2613P $17.95

All books are hardcover unless number
is toliowed by a "'P" for paperback

SELECT 5 BOOKS

N foronly®4%

"‘\ (values to $116.75)
&,

3632 $18.95

Your most complete source for electronics
books for over 25 years.

H P ELECJHONIC
o CONVERSIONS ELECTRONKC
% e ood Prompsas CIRCAUITS
X 2 Sy
5 St s —r
B s A |
e I v ’
= — 0 |
g 1 v
o }3[0["!%]‘[}!(’“ 03 |
" o WIRING o |
L & o/ T o
3414 $39.95 3138 $60.00
Counts as 2 3072P $16.95 2865P $14.95 Counts as 3

Membership Benefits ® Big Savings. In addition to this introductery
offer, you keep saving substantially with members’ prices of up to 50% off the
publishers' prices. * Bonus Books. Starting immediately, you will be eligible
for our Bonus Book Plan, with savings of up to 80% off publishers’ prices. ¢ Club
News Bulletins. 15 times per year you will receive the Book Club News, describ-
ing all the current selections—mains, alternates, extras—plus bonus offers and
special sales, with scores of titles to choose from. » Automatic Order. If you
want the Main Selection, do nothing and it will be sent to you automatically.
If you prefer another selection, or no book at all, simply indicate your choice
on the reply form provided. You will have at least 10 days to decide. As a mem-
ber, you agree to purchase at least 3 books within the next 12 months and may
resign at any time thereafter. » ironclad No-Risk Guarantee. If not satisfied
with your books, return them within 10 days without obligation! ® Exceptional
Quality. All books are quality publishers’ editions especially selected by our
Editorial Board. (Publishers’ Prices Shown}

EcecTramics Boow Cuus

/' Blue Ridge Summit, PA 17294-0810

Piease accept my membership in the Electronics Book Club and send the 5 volumes listed
below, billing me $4.95. If not satisfied, | may return the books within ten days without obli-
gation and have my membership cancelled. | agree to purchase at least 3 books at reguiar
Club prices during the next 12 months and may resign any time thereafter. A shipping/han-
dling charge and sales tax will be added to all orders.

Name e

Address —: _

City _ O e - = ®=m  wsmow
State Zip _ Phone

Signature

Valid for new members only. Foreign appiicants will receive special ordering instructions. Canada must remit
| in U.S. currency. This order subject 1o acceptance by the Electronics Book Club PES91

Counts as 2

"
Electronic Circuilt
Diagrams

Troubledwcting and

Jnbebucting and Wiphcte
AUDIO EQUIPMENT

3329 $29.95
Counts as 2

2867P $18.95

e e

" ENCYCLOPEINA OF

ELECTRONIC

1938  $60.00
Counts as 3

2925P §9.95

3445  $21.95 2995 $25.95

L EEREERR B

Troubleshooting
& Repairing

VCPRs

SECOND EDITION

Gordon McComb
[ 2432333333
3777 $32.95
Counts as 2
THE GIA4T BOOK OF
ELECTRONICS
PROJECTS A
ELECTROMIC
6 VOLT
PROJECTS
AT Y 1O l
1367P $24.95 3275 $22.95

Solid-State
ELECTRONICS
THEORY,

ow to Read

2680P $14.95 2926 $25.95

BILD YOUR WA

TEST EQUINIENT
The 128 (N
Service Murnsd &x
CCTVa
3243 $529.95 3475 527.95
€ounts as 2 Counts as 2

€1991 ELECTRONICS BOOK CLUB
Biue Ridge Summit, PA 17294-0810

1661 LSNONV

w



# POPULAR ELECTRONICS

ATTACKING THE SONIC
DEFENDER

The article, “The Sonic De-
fender” (Popular Electronics,
May 1991), by Phil Salas does a
grave disservice to your read-
ers, and the manner in which it
was published was irresponsi-
ble. Furthermore, the editorial
that accompanied the article is
blatantly incorrect in describing
the weapon as “purely defen-
sive” and a “sound” solution to
the problem. The attitudes con-
veyed are simplistic, and are
certain to get innocent people
hurt.

As a Martial Artist, | have
worked with civilian and military
police for more than ten years,
and there are four points on
which most all of those law-
enforcement and self-defense
experts agree:

1. The “"perfect” weapon or
fighting technique, offensive or
defensive, does not exist. For
example, many people (myself
included) are virtually immune
to chemical mace or CS tear
gas products, yet thousands of
people swear by the aerosol
cans that they carry in their
pockets or purses.

2. There is no such thing as a
“purely defensive” weapon.
Anything effective in defense
must (and therefore, can) be
effective in offense. Once hos-
tilities begin, the best defense is
a good offense.

3. It is rare for the person
attacked to have greater fighting
skills or devices than the at-
tacker. A 25-year-old mugger
may well have a dozen years of
training in street fighting, but the
victim probably has but a few
hours, at most. To be effective,
the potential victim should have
experience comparable to the
attacker; there are no shortcuts
to self-defense.

4. A determined and compe-
tent attacker will always seek to
disarm the victim and, if appro-
priate, use the victim's
weapon(s) against the victim. A
typical knife fighter expects to
be cut—badly—maybe losing a
finger, or worse. With such an
outlook, a little noise-maker like
the Sonic Defender will be of
little use.

The fourth point is particularly
alarming because the Sonic De-
fender is so non-directional that
it can injure the victim, even if
used property. Furthermore,

LETTERS

many attacks, including sexual
attacks, generally involve torso-
to-torso contact. In such cases,
130 decibels of sound will injure
both parties, and the injuries
might be permanent. In the
United States, on more than
one occasion attackers have
been awarded damages for inju-
ries sustained in the attack
through lawsuits brought
against their victims.

It is well known that noises
(whistles, sirens, etc.) are effec-
tive in deterring crime, and the
longer the noise can be con-
tinued, the better. But the Sonic
Defender's locking switch is a
nice, but wasted, feature. The
unit can be smashed (and
therefore turned off) instantly by
a hand or a foot. In the process,
the much-touted wrist strap be-
comes a trap, immobilizing the
victim's hand and wrist.

Moreover, the Sonic Defender
may well be considered a dead-
ly weapon, and therefore be
illegal to carry openly or con-
cealed. Most states define a
“deadly weapon” or a “dan-
gerous instrument” as that
which is readily capable of
causing serious injury or death.
Although the judicial system will
have to rule on the Sonic De-
fender, loss of hearing would
certainly seem to fall in the
category of serious injury. Fur-
thermore, use of a deadly
weapon (as legally defined or
construed) is generally justified
legally only when life itself is
threatened. Permanently deaf-
ening a purse snatcher could
land the purse owner in jail.

In short, no one thing is effec-
tive in guaranteeing personal
safety. If a victim attempts to
use a weapon defensively, it is
likely to be used offensively
against the victim by a more
skilled attacker. While the legal
implications of the Sonic De-
fender are unclear, and its
effectiveness limited, posses-
sion and use of this device are
questionable.

The bottom line of my com-
plaint is that a construction
article was presented to the
general public, with a minimal
and incomplete disclaimer, and

with the intent that some read-
ers will actually buy or build the
device. Nowhere are there real
assurances that they will be
qualified to use it, or worse, will
even be aware of its shortcom-
ings. While I'm sure that your
intentions were good, these is-
sues are not simple, and do not
fit in a paragraph or two. If
Popular Electronics is not the
forum for a discussion of such
matters, then it would be in the
best interests of society for the
magazine to confine itself to the
multitudes of other projects and
subjects that it can adequately
address.

There is no panacea for de-
fense or offense—the only
effective means of defending
oneself is to have a broad spec-
trum of techniques at one's
disposal, and to train diligently
in the use of those techniques.
There are some very simple,
easily mastered self-defense
strategies, and others that are
complex. If an individual wants
to become skilled in self-de-
fense, a competent training
program should be sought out.
If a product or device is offered
for self-defense purposes, the
provider has the responsibility
to inform and/or train the user in
the moral and legal aspects of
using that product. Most major
suppliers of martial-arts and/or
law-enforcement weapons do
that.

For further reading about the
moral and legal implications of
defending oneself, I highly rec-
ommend attorney Carl Brown's
American Law and the Trained
Fighter (1983, Ohara Publica-
tions Inc., Burbank, CA).
M.H.F.

San Jose, CA

The Sonic Defender is intended
to be used as a deterrent. It is
definitely not, nor was it
portrayed to be, the perfect de-
fense. | will always be hopeful
that no Popular Electronics
readers will ever have cause to
use it or any other device in any
type of defensive situation.

The Sonic Defender does
have a directional output. The
user is not subjected to more

than about + 100 dB when [
pointing the device away from
himself. And while anyone with-
in about three feet of the front
end of the unit will experience a
sound pressure at about the
threshold of pain, permanent
hearing loss should not occur
unless there is prolonged ex-
posure.

The Sonic Defender is ex-
pected to startle an attacker,
possibly giving the victim the
ability to run away while attract-
ing attention. As M.H.F. stated,
loud noises are well-known
crime deterrents. The Sonic De-
fender is quite an attention
getter.

Finally, | would prefer my wife
to have a Sonic Defender with a
wrist strap than a whistle on a
cord around her neck, as many
women wear. Also, | would pre-
fer that my wife concentrate on
running from an assailant and
let the Sonic Defender scream
for her, instead of trying to run
as she blew a whistle or
screamed.

I agree that there is no right
answer in a defensive situation.
! designed the Sonic Defender
for my wife because she is a
college student and often has to
walk alone across virtually des-
erted parking Ilots. The Sonic
Defender, while by no means
the perfect answer, is far better
than a police whistle.

Phil Salas

ALL ABOUT RMS
VOLTAGE

In his article “All About Meters”
(Popular Electronics, May
1991) Stephen J. Bigelow
states, “Since the voltage will
still pulsate over time, the meter
will indicate the average (or
rms) value.” That statement im-
plies that the average voltage
and the rms voltage are one
and the same. That is not true
for sinusoidal voltages, to which
it is assumed the article is refer-
ring.

For a sinusoidal voltage
waveform, the average voltage
is zero volts. Think about it: The
voltage spends as much time
above zero as it does below,




yielding an average of zero.
Perhaps the author was thinking
about the average voltage of the
magnitude of the sine wave. If
that is the case, he would still
be wrong. The average of the
magnitude of a sinusoidal wave-
formis 0.637 X V,, where V is
the peak voltage. The rms volt-
age, as he correctly states, is
0.707 x V. These clearly are
not equal quantities. The deriva-
tion of these formulas can be
found in most books explaining
the origin of rms voltage.

RWF

Albany, NY

You are absolutely right! Aver-
age and rms magnitudes are
indeed two completely different
factors. While the two values
were not intended to be equa-
ted, that is certainly how they
were presented. The section to
which you refer (which ap-
peared under the subheading
‘AC Modifications”) should have
read something like this:

“Since the voltage will still
pulsate over time, the meter will
indicate the average AC value.
Average voltages are slightly
less than rms values, so the
meter scale will have to be
calibrated to read in rms.”

| sincerely apologize for this
confusion and regret any incon-
venience that it may have
caused.

Stephen J. Bigelow

MORE ON SIGNALS
FROM SPACE

| applaud L. George Lawrence
for his exquisite and com-
prehensive coverage of the
biological forces that truly exist
in our universe in his article “Are
We Receiving Biological Signals
from Outer Space?” (Popular
Electronics, April 1991), and
the evidence that he has pre-
sented in the several biograms
depicted. However, while his
sensory analysis of egg cells,
plant cells, and animal cells
appear to be correct, within the
environs in which he has placed
them, he has totally failed to
envision these biological trans-
ducers within two very different
and important areas of concern.

Initially, | must say that my
observations of the same data
differ from his conclusions. His
deductions were made in a des-
ert-like atmosphere. My

observations were made for the
past three years in a cold, clear
climate in northern Maine,
chosen for a similar reason: the
absence of earth-bound radio
emissions of whatever frequen-
cy. What Mr. Lawrence has
failed to enter into the equation
is the diurnal change in the
Earth’s magnetic field and the
tctally aberrant behavior of that
field during periods of high
magnetic activity created by the
unpredictable activity of the sun.
| have produced biograms sim-

ilar to his. However, on those
occasions | correlated those ob-
servances with the degree of
Earth’s field disturbances with
the Naval Observatory and
found that my biograms were
smeared or distorted by the
effects of the solar winds.

1 would suggest to Mr. Law-
rence that before he instigates
any further research into the
biosensing field, he consider
the effects of the Earth’s mag-
netic field. The results obtained
by doing so may indeed en-

lighten or disturb him. His
research, while adequate for his
purposes does not encompass
the entire scenario. | would like
to add that his image-acquisi-
tion device would be better
served by using an FM mode
rather than AM. As he states,
the frequencies involved are
quite low, with which | agree.
However terrestrial and man-
made interference does exist in

the spectrum to which he refers.

R.G.H.
North Edgecomb, ME |

® Scanners

¢ TVs (PHOTOFACI®) °
® VCRs

¢ Computers °
® (Citizen Band Radios °

® Automobile Radios o

Major Manufacturer
Service and Repair
Documentation

SAMS, the leading source for service and repair
documentation and manufacturers’ schematics, offers you
comprehensive coverage of a wide range of products.

Tape Recorders

® Transistor Radios

Modular Hi-Fi
Videodisc Players

® Disc Drives

Monitors

Overnight Delivery Available

See your local Electronics Distributor
or call SAMS at 1-800-428-7267 and ask
for Operator RE-1.

HOWARD W. SAMS & COMPANY
2647 Waterfront Parkway East Drive, Suite 300
Indianapolis, Indiana 46214-2012
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Build Your
Own Test
Equipment

by Homer L. Davidson

ELECTRONIC
LIBRARY

With so much test equipment
on the market, you might won-
der why anyone would want to
build their own. Homer L. David-
son gives four common-sense
reasons: to save money, to learn
how test instruments work, to
create instruments that are not
commercially available, and to
locate defective circuits. He pre-
sents plans for 32 test
instruments, some of which can
be built in an evening and
others that might take a couple
of days to build—and all of
which have actually been con-

structed, tested, and placed in
service. Along with complete
parts lists instructions on how to
build, wire, and solder each
unit, the book contains informa-
tion about testing and servicing
possible problems. The book
also explains how to etch

printed-circuit boards and select
cabinets for the finished proj-
ects. Divided into five sections,
the book covers five different
types of test equipment, sorted
by who might use them: the
novice, beginner, homeowner,
student, and electronic techni-
cian. Beginner projects include
simple testers for diodes/LED’s,
fuses, power-line polarity, and
microwave ovens. For the
novice, projects include a white-
noise generator, stereo balance
tester, diode/SCR/Triac con-
tinuity tester, and CB indicator.
Experienced electronic-project
builders might want to tackle the
sine/square/triangle wave gen-
erator, audio-amp checker, or
audio handheld signal tracer,
and technicians can build their
own DC motor tester, TV trou-
bleshooter, deluxe sine/square-
wave function generator, or in-
frared remote-control checker.

Build Your Own Test Equip-
ment costs $17.95 and is
published by TAB Books Inc.,
Biue Ridge Summit, PA
17294-0850; Tei.

1-800-233-1128.
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UNIVERSAL
COMMUNICATIONS
CATALOG

from Universal Radio Inc.

Combining Universal Radio’s
earlier shortwave, amateur, and
scanner catalogs, this 92-page
catalog is filled with equipment
for the radio hobbyist. It in-
cludes an array of
communications receivers, com-
mercial receivers, portable
receivers, shortwave antennas,
RTTY and fax equipment, com-
puter interfaces, HF
transceivers, FM handheld
transceivers, amplifiers, books,
and accessories. The catalog
packs in a lot of information,
featuring detailed operational
descriptions and specifications

for each item along with clearly
written “introductions” to short-
wave, amateur radio, facsimile,
and radioteletype that offer a
wealth of practical information
for beginners.

Universal Communications
Catalog 91-02 is available for
$2.00 from Universal Radio
Inc., 1280 Aida Drive, Rey-
noldsburg, OH 43068, Tel:

800-431-3939.
CIRCLE 80 ON FREE
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INSIDE AUTOSKETCH:
2nd Edition
by Frank Lenk

AutoSketch is an easy-to-use
computer-aided drafting pro-
gram that bridges the gap
between the simplicity of paint
programs and the power of
highly technical CAD programs.
This book shows readers how
to unleash the program’s full
potential and increase the
speed and performance of their
drafting tasks. It uses practical
examples and hands-on exer-
cises to demonstrate the use of
all AutoSketch commands.

Readers are shown how to be-
gin producing computer-
assisted drawings for mechan-
ical parts, schematics, and
architectural designs. The book
also provides tips and tech-
niques for more sophisticated
drawings. It explains how to
create and manage AutoSketch




Now! Experience the electronics behind
the MIDI revolution as you build your
own computer-controlled music center

Only NRI's innovative, at-home training
in Electronic Music Technology gives
you hands-on experience with the
equipment that’s revolutionizing the
music industry—Atari ST Series
computer with built-in MIDI ports,
Casio HT-3000 synthesizer with
advanced MIDI operations, and
ingenious MIDI software that
links computer keyboard to
synthesizer keyboard—all
yours to train with and keep!
This year, over $1.5 billion
worth of digital electronic
music instruments, from
keyboards to drum
machines, will be sold in
the U.S. alone. Enthusi-
asts everywhere—
professional musicians
and recording
technicians, even
people who have
never touched a musical
instrument before—are discovering the
excitement of today’s electronic music
technology.

At the heart of this excitement is MIDI
(Musical Instrument Digital Interface), an
innovation that’s transformed musical
instruments into the ultimate computer
peripherals...and opened up a whole new
world of opportunity for the person who
knows how to use, program, and service
this extraordinary new digital equipment.

Now NRI's breakthrough Electronic
Music Technology course puts you at the
forefront of this booming new technology
with exclusive training built around a MIDI-
equipped computer, MID] synthesizer, and
MIDI software you keep.

Dynamic new technology opens up new
career opportunities

The opportunities are unlimited for the
person who's trained to take advantage of
today’s electronic music phenomenon. Now
you can prepare for a high-paying career as
a sound engineer, recording engineer. or
road technician... even start your g
own business selling and servicing
today’s high-tech musical
instruments. Or simply unleash
your own musical creativity with
the breakthrough training and
equipment only NRI gives you.

Only NRI gives you hands-on
training with today's MIDI technology

The Atari ST Series computer included in
your course becomes the heart of your own

computer-
controlled music center.
With its tremendous power, superior
graphics capabilities, and built-in MIDI
interface, the 16/32-bit Atari ST has almost
overnight become the computer of choice
for today’s most knowledgeable electronic
musicians.

Your Casio HT-3000 synthesizer features
a five-octave, MIDi-compatible digital
keyboard with built-in monitor speakers,
advanced tone editing and writing, pattern
memory, keyboard split, tone and rhythm
banks, chord memory, znd dozens more
state-of-the-art capabilities.

Plus you get ingeniously designed MIDI
software that opens up amazing new
creative and technical possibilities... you
actually build your own 4-input audio
mixer/amplifier...and you test the elec-
tronic circuits at the core of
today’s new
equipment

MNP 5chools o

McGraw-Hill Continuing Education Center e
4401 Connecticut Avenue, NW, Washington, DC 20008

o Check Ove FREE Catalog Only
[] Electronic Music Technology
[0 Microcomputer Servicing O Computer Programming
O TV/Video/Audio Servicing
O Security Electronics

0O Basic Electronics

with the hand-held digital multimeter
also included in your course.

Mo previous electronics or music
axperience necessary

No matter what your background,
NRI gives you the skills you need
to take advantage of today's
opportunities in electronic music
technology.

With your experienced NRI
instructor always available to
help, you master the basics of

electronic theory step by step,
gaining the full understanding
of electronics that’s now so
essential for technicians and
musicians alike.

You move on to analyze
sound generation tech-
niques, digital logic,
microprocessor funda-
mentals, and sampling
and recording tech-
niques... ultimately
getting first-hand
experience with today’s
explosive new
technology as you
explore MIDI, waveshaping, patching,
sequencing, mixing, special effects, and
much more.

Plus, even if you've never been involved
with music before, NRI gives you enough
basic training in music theory and musical
notation to appreciate the creative potential
and far—reaching applications of today’s
electronic music equipment.

Send today for FREE catalog

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

[ For Career courses approved
I under Gi bill U check for details.

O Fiction/Nonfiction Writing
O Bookkeeping & Accounting

Age

Narme
NRI training includes an Atari ST Address
computer, Casio synthesizer, exclusive
MIDI software, and much more— City/State/Zip

all yours to train with and keep!
(TV not supplied)

I
I
I
I
O Desktop Publishing and Design |
|
I
I
I

1661 1SNONV

o



POPULAR ELECTRONICS

-
o

parts and files, produce indus-
try-standard dimensional
drawings, and import and ex-
port drawings to and from
AutoCAD and other programs.
The book begins with non-tech-
nical drawings—sketches that
laymen might need to do—and
in the process explores the
basics of the program. The sec-
ond section takes an in-depth
look at some of the higher level
features—reference grids, mac-
ros, drawing layers, group
object manipulation, and print-
ing or plotting—used to
complete moderately complex
technical drawings. Part three
deals with full-blown technical
drawing applications, and
covers topics such as pattern
fill, dimensioning, object arrays,
and the transfer of drawing files
to other software. The second
edition of this book explores the
new features added with the
release of AutoSketch Version
3, which is easier for beginners
to master, yet can handle a
remarkable range of drafting
jobs.

Inside AutoSketch, Second
Edition costs $24.95 (an op-
tional disk costs $14.95) and is
published by New Riders Pub-
lishing, 1025 East Powell, #202,

Gresham, OR 97030.
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SHORTWAVE
LISTENING GUIDEBOOK
by Harry L. Helms

Despite the availability of up-to-
the-minute news through satel-
lite television and fiber-optic
telephone communications,
shortwave radio continues to be
a popular hobby. Listening to
shortwave broadcasts from for-
eign countries is like having a
front-row seat to world events—
often without all those layers of
censorship imposed by various
governments and military
groups. Although shortwave ra-
dios are easy to use and don't
require any special licenses or
fancy antenna systems, some
practical advice is needed to
find the broadcasts that most
interest you. This book tells you
when, where, and how to hear
shortwave broadcasts from
around the globe. in non-tech-
nical language, it explains how
to select the shortwave radio
that meets your needs, why and
how reception conditions vary at

different times of the day and
seasons of the year, how to
correctly operate a shortwave
radio, and how to obtain pro-
gram schedules and other
materials from overseas sta-
tions. It also provides profiles of
major international broadcasting
stations and reveals the fre-
quencies used by the U.S.
armed forces, Air Force One,
and ship-to-shore stations.
Other relevant topics discussed
include “pirate” and clandestine
radio broadcasters, antennas,
ham radio, and the hobby as-
pects of shortwave listening.
Several tables provide quick ref-
erence material, and numerous
photos and diagrams help clar-
ify important concepts.
Shortwave Listening
Guidebook costs $16.95, and is
published by HighText Publica-
tions, Inc., 7128 Miramar Road,

Suite 15, San Diego, CA 92121
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BEGINNER’S GUIDE TO
READING
SCHEMATICS: 2nd
Edition

by Robert J. Traister and
Anna L. Lisk

Newcomers to electronics often
view learning to read schematic
diagrams and using them to
analyze circuits as a complex
and difficult task. This book sets
out to prove that view is mis-
taken by showing that learning
to interpret the symbols, inter-
connections, and component
designations can be quite sim-
ple. The book clearly illustrates
which symbols stand for capaci-
tors, transformers, resistors,
inductors, conductors, switches,
cables, batteries, vacuum tubes,
and more. It also explains how

| those symbols work together,
how to read combinations of
symbols, and how to draw sche-
matics. The second edition
includes new, updated drawings
that reflect the latest in elec-
tronic circuitry, as well as an
index of symbols.

Beginner’s Guide to Reading
Schematics, Second Edition
costs $10.95 and is published
by TAB Books Inc., Blue Ridge
Summit, PA 17294-0850; Tel.

1-800-233-1128.
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1991 REST-OF-THE-
STORY ELECTRONICS
CATALOG

from Home Automation
Laboratories (HAL)

This 52-page catalog is filled
with gadgets for do-it-yourself
home automation—simple de-
vices that don't require a degree
in electronic engineering, but
that you can hook up if you can
use a screwdriver. Each product
is described fully, including what
it does and how it works. The
brochure contains motion-sens-
ing systems, video-doorphones,

HOME AUTORATION LABORATCHIES |

remote-control devices, security
systems, automated plant-wa-
tering systems, computer-
controlled systems, telephone-
control systems, light dimmers,
and more. New to the 1991
edition are a “shoebox” 286
computer, wireless doorbell
chimes, a computerized recep-
tionist, advanced house sitters,
illuminated house numbers, a
temperature-monitoring system,
and the X-10 two-way PC tool-
kit.

The 1991 HAL Catalog is free
upon request from Home Auto-
mation Laboratories, 5500
Highlands Pkwy., Suite 450, At-

lanta, GA 30082; Tel:

404-319-6000; Fax:

404-438-2835.
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ELECTRONICS
CATALOG #566

from Mouser Electronics

Up-to-date product data and
pricing on more than 35,000
electronic components from
more than 80 manufacturers are
oftered in this comprehensive
buying guide. To help consum-
ers locate particular products

| quickly and easily, product index

tabs have been added and a
quick index appears on the front
cover. A “New Products’ sec-
tion—which is representative of
the general merchandise of-
fered in the rest of the catalog—
includes a wide selection of
cable assemblies, switches,
tools, connectors, meters, jacks
and plugs, components, bread-
boards, cabinets and cases,
displays, security devices, and
test equipment.

The Electronics Catalog
#5686 is free upon request from
Mouser Electronics, 2401 High-
way 287 North, Mansfield, TX

76063, Tel: 800-992-9943.
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LENK’S AUDIO
HANDBOOK:
Operation and
Troubleshooting
by John D. Lenk

Thoroughly examining up-to-
date methods for maintaining
and troubleshooting today’s
consumer audio products, this
book provides highly practical
advice for audio technicians,
field-service engineers, and se-
rious audiophiles. It is intended
to fill the gap between complex
theoretical works on audio cir-
cuitry and often-scanty service
literature. With step-by-step and
circuit-by-circuit directions, this
comprehensive reference pro-
vides enough information to
enable readers to build audio
circuits from scratch. Because
no previous design experience
is required to apply the design
data and techniques presented,
the practical experimenter can
use the book as a hands-on
tool. Detailed coverage is given
to such products as CD players,
AM/FM tuners, turntables,




graphic equalizers, surround-
sound systems, cassette play-
ers, and laser-optic devices. in
addition, the book explains the
audio components of camcor-
ders, stereo TV's, and VCR’s.
For each product, the book pro-
vides a complete description
(including the specifications),
reports on the operating pro-
cedures, controls, and
indicators; explains trou-
bleshooting and adjustment
techniques; and provides circuit
diagrams that indicate input/out-
put, adjustment and test points,
signal paths, power connec-
tions, and more.

Lenk’s Audio Handbook: Op-
eration and Troubleshooting
costs $39.95 in hardcover and
is published by McGraw-Hill
Book Company, 11 West 19th
Street, New York, NY 10011, Tel.
1-800-2-MCGRAW.
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1991 SUPPLEMENT R

from Jensen Tools Inc.

Although it's called a supple-
ment, this 100-plus page

kooklet is a full catalog in its
own right. It features a wide
assortment of tools commonly
used by electronics hobbyists
and professionals, including
screwdrivers, nutdrivers, vac-
uums and cleaners, drills and
accessories, flashlights, os-
cilloscopes, soldering
equipment, test equipment, wire
crimpers and strippers, and
wire-wrapping tools. Also fea-
tured are tool kits, cases, and
service kits. Of special interest,
and highlighted in this issue is a

15-page insert of new products
that includes production equip-
ment, test equipment, logic
analysis test kits, and plant-
maintenance tools and equip-
ment.

The 1991 Supplement R is
free upon request from Jensen
Tools Inc., 7815 South 46th
Street, Phoenix, AZ
85044-5399; Tel: 602-968-6231;
Fax: 800-366-9662.
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SOFTWARE
ENGINEERING TOOLS
CATALOG #4

from BSOFT Software Inc.

This catalog offers low-cost,
stand-alone engineering pro-
grams designed for engineers,
technicians, and hobbyists for
use on IBM PC's an compati-
bles. Featured are programs for
drawing schematics, simulating
logic-control circuits, FFT analy-
sis, and circuit analysis. CAD
(computer-aided design) pro-
grams for performing structural
analysis, designing electronic
circuits, and PC-board layout
are offered, as well as comput-

er-aided-mathematics and
waveform-viewer software. The
catalog contains descriptions

BSOFT Software

ENGINEERING TOOLS

ELECTRONIC ANALYSIS
DESIGN
DRAWING
MATHEMATICS
MECHANICAL ANALYSIS
PCB CAl

and ordering information on all
the software.

The Software Engineering
Tools Catalog #4 is free upon
request from BSOFT Software
inc., 444 Coiton Road, Colum-
bus, OH 43207-3902; Tel:

| 614-491-0832; Fax:

614-497-9971. =)
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324 PanaVise Electronic Work Center »

This economical package makes work aseas more efficient and manageable. Parts,
tools, solder, soldering iron holder and PC board are exactly where you want them! Fea-

tures famous PanaVise “tilt, turn and rotate” control. Solder spool

holder self-centers the feed, and the soldering iron holder keeps the
iron at an easy-to-reach angle. Rugged, sturdy and tough, it also accepts all regular

PanaVise interchangeable heads.

L

<« 301 Standard PanaVise

- 4

A 396 Wide Opening Head PanaVise

Combine our 300 Standard Base (which accepts all PanaVise inter-
changeable heads) with our 366 Wide Cpening Head to create a versa-
tile work-holding tool. Ribbed neoprene jaw pads hold circuit boards or
other objects securely; reverse them for deep “v" grooves that can hold

delicate cylindrical objects.

Here's the world's best small vise and the
perfect introduction to PanaVise quality
and convenience. One control knob tocks
work firmly into position! Also accepts

all regular PanaVise interchange-
able heads.

® 1485 Southern Way
Sparks, Nevada 89431

Tel: (702} 353-2800

Fax: (702} 353-2929
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Modular-
Cable Tester

NEW PRODUCTS

You can precisely identify the
exact point of two connections
at each end of a modular cord
assembly using the PA1529
Patch Check continuity tester
from Paladin. The hand-held in-
strument identifies open,
shorted, and cross-connected
telecommunications circuits on
a clear LED readout that you
can hold in the palm of your
hand. Designed for testing tele-
phone (RJ11) and computer
data-link (RJ45) wiring, the
Patch Check also verifies the
correct wiring configuration of

unshielded twisted pair in the
10BASE-T baseband medium.
By simply pressing a button,
you can review a sequential
comparison of the wire position
and the continuity of the modu-
lar plugs at each end of the
cable.

The PA1529 Patch Check has
a list price of $49.95. For further
information, contact Paladin
Corporation, 3543 Old Conejo
Road, Newbury Park, CA
91320; Tel: 805-499-0318.
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HANDHELD
MULTIMETERS

At the high end of John Fluke
Mfg. Company’s 70 Series i,
line of muitimeters are the mod-
els 79 and 29. The handheld
meters can check capacitance
from 10 pF to 9,999 wF, a useful
range for testing large elec-
trolytics and eliminating the
need for a dedicated capaci-
tance meter. An innovative
frequency function can simuita-
neously display frequency—
from 1 Hz to 20 kHz—on the
digital display and AC voltage
on the analog bar graph. That
allows users to see how much
potentially hazardous voltage is
present when making frequency
measurements. A 63-segment
bar graph updates as fast as the
eye can foliow and simulates
the function of an analog needle
for watching trends, peaking,
and nulling. The models 79 and
29 feature “Smoothing,” which
displays the running average of
eight readings to provide stable
readings even with uneven sig-
nals. The two meters also have
a proprietary Lo-ohms function
that provides 0.01 ohm resolu-
tion with high noise rejection to
sense very small resistance
changes.

Standard features on each
unit in the 70 Series |l family
include automatic “Touch Hold,"
which captures and holds stable
measurements, aliowing techni-
cians to take readings in hard-
to-reach places while keeping
their eyes on the circuit. An
exclusive algorithm holds con-
secutive stable readings without
manually resetting the meter.

Other standard features include
autoranging, range hold, and
optional manual ranging. The
use of a single “time-activated”
pushbutton and a rotary switch
make the meters easy to oper-
ate and more reliable due to
their low moving-parts counts. A
holster with Flex-Stand aliows
the meters to hang from a door
or pipe, stand at virtually any
viewing angie, or clip on a beit
or a tool kit.

The models 79 and 29 hand-
held multimeters each cost
$185. For further information,
contact John Fluke Mfg. Co.,
Inc., P.O. Box 9090, Everett,
WA 98206-9090; Tel:

206-347-6100.
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VGA PACKAGE

Targeted at 8088, 286, 386, and
486 PC compatibles, JDR Mi-
crodevices' Super High
Resolution VGA Package con-
tains all the hardware and
software needed to improve the
graphic resoiution of most sys-
tems. For existing software that

cannot take advantage of the
enhanced resolution, the pack-
age is also compatible with
VGA, EGA, CGA, HDC, and
MDA modes.

The bundie consists of a Re-
lysis 9514 VGA monitor, a
Modular Circuit Technology
1024 x 768 VGA card with 512
KB installed, and software driv-
ers for Windows 3.0 and other
popular software packages. The
monitor was designed to reduce
eye strain and provide high-
definition video. Its 14-inch,
non-glare screen features a
0.28mm dot pitch for improved
clarity, and it has a 1:1 aspect




ratio in 1024 x 768 and

640 x 480 modes. The VGA
card can be used in 8-bit mode
on 8088-based machines, and
can also be used in 16-bit, high-
performance mode in machines
with a 16-bit bus. The card’s
RAM is expandable to 1MB. In
1-MB configuration, the card-
and-monitor combination will si-
multaneously display 256 colors
at 1024 x 768 resolution.

The Super High Resolution
VGA Package costs $599. For
more information, contact JDR
Microdevices, 2233 Branham
Lane, San Jose, CA 95124; Tel:
408-559-1200; Fax:

408-559-0250.
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STEREO MIXER

Incorporating a special sound-
effects generator and inputs for
a variety of audio and video
equipment, the SM509 ATUS
stereo mixer from Audio-Tech-
nica also features a five-band
graphic equalizer and an elec-
tronic echo circuit. Unique
circuitry adds six sound
effects—snare, bomb, video
gun, laser, phone, and UFO—to
the mixed output. For added
flexibility, the speed and volume
of the sound effects can be
continuously altered. The mixer
provides inputs for micro-
phones, CD players, turntables,
tape decks, and video equip-
ment. Four separate stereo
inputs can be selected and
mixed in a smooth, well-con-
trolled manner, with a master
volume control for the output.
The SM509 can mix combina-
tions of two turntables, four
stereo line-level devices, and
two microphones. Dual VU
meters with easy-to-read LED's
provide continuous visual in-
dication of the output levels.
The mixer also features a sepa-
rate microphone input with
provisions for “voice-over,”
which automatically attenuates
all other channels up to 12 dB.
A pitch transposer alters the
sound of the announcer’s voice
at the push of a button.

The ATUS SM509 stereo mix-
er has a suggested retail price
of $399.95. For more informa-
tion, contact Audio-Technica
U.S., Inc., 1221 Commerce
Drive, Stow, OH 44224; Tel:

216-686-2600.
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CLAMP-ON AMP/VOLT/
OHMMETER

Featuring high-energy protec-
tion to 600 volts, Amprobe’s
updated RS-3 amp/volt/ohm-
meter is fused to protect both
the user and the instrument
against accidental misapplica-
tion. The RS-3 retains its
familiar, comfortable shape and
standard features including
jocking, all-weather test leads; a
magnified rotary scale for ease
of application and reading; a
pointer lock to capture readings
in hard-to-see places; and full-
capacity, locking transformer
jaws for accurate readings and
leng instrument life.

The model RS-3 amp/volt/
ohmmeter has a list price of
$74.85. For further information,
contact Amprobe Instrument,
630 Merrick Road, P.O. Box
329, Lynbrook, NY 11563; Tel:
516-593-5600; Fax:
516-593-5682.
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VHS VIDEOTAPE
CLEANERS

Your videotapes will clean
themselves as they play if
they’re equipped with Ambico’s
V-0751 Automatic VHS Tape
Cleaners. The cleaner is a spe-
cially treated “micro-brush” that
is held in place by the provided
“cleaning clip.” It attaches just

3
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Home Automation

from Heath,
the catalog
that has it all...

Enter the world of
Home Automation. Remote

lighting and appliance controls.
Security alarms and lighting.

Automated thermostats.
Video monitoring systems.

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

receive your FREE copy,
call today toll-free.

1-800-44-HEATH
(1-800-444-3284)
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inside the cassette door and
cleans the videotape while the
VCR is in the play mode. The
V-0751 package includes 100
micro-brushes, each of which
will clean several tapes; three
cleaning clips, which can be
moved easily from tape to tape;
and a “flap holder” to keep the
cassette door open while insert-
ing the cleaning clip.

The V-0751 VHS cleaning kit
has a suggested retail price of
$7.95. For additional informa-
tion, contact Ambico Inc., 50
Maple Street, Norwood, NJ
07648; Tel: 201-767-4100.
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BANDPASS FILTER

With the ability to separate
closely spaced radio signals,
the model APS-204 bandpass
filter from Optoelectronics pass-
es desired frequencies and
eliminates interfering frequen-
cies. It has a constant 4-MHz
bandwidth and continuous tun-
ing over the six octaves from 20
MHz to 1000 MHz. The
APS-204 is particularly useful in

dense urban areas, military op-
erations, and other situations
where many radio transmitters
must operate in close proximity,
causing overloading and inter-
fering with nearby receivers. It
works as an active pre-selector,
isolating desired signals and
passing them on to the pro-
tected receiver, while rejecting
all others. Unlike the clumsy,
passive discrete units that it is
intended to replace, the
APS-204 is an active filter with
no insertion loss whatsoever
that measures only 4 x 1%z x 7
inches. Its bandpass width is
uniquely fixed at 4 MHz, re-
gardless of the center frequency

to which it is tuned, by way of a
four-pole, high-Q, resonant-cav-
ity filter. The antenna output to
be filtered is routed to and from
the 4-MHz-wide resonant cavity
by a patent-pending double-het-
erodyne technique that makes
the APS-204 totally insensitive
to drift. The unit runs on 12 VDC
for mobile convenience.

The model APS-204 band-
pass filter costs $995. For more
information, contact Op-
toelectronics Inc., 5821 NE 14th
Avenue, Ft. Lauderdale, FL
33334; Tel: 800-327-5912 or
305-771-2050; Fax:

305-771-2052.
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TEMPERATURE-
CONTROLLED
SOLDERING IRON

Field-service, assembly, and re-
pair personnel will find M.M.
Newman's Antex Model TCS
soldering iron easy to use in
situations where adjustability is
important but a separate solder-
ing station is not convenient.
The soldering iron features in-
handle, positive-feedback tem-
perature control from 390°F to
850°F with +1% stability during
typical use. Easily adjustable
using a small screwdriver, the
50-watt iron heats up to 650°F
within a minute and provides
rapid recovery time. Designed
for soldering sensitive electronic
components, the model TCS

has zero voltage switching and
the heating element is located
under the tip for optimum ther-
mal efficiency. It comes in a 110
VAC version and one for use
with 24-volt power supplies, and
a wide selection of slide-on tips
is available.

The Model TCS temperature-
controlled soldering iron has a
list price of $84.95. For addi-
tional information, contact M.M.

Newman Corporation, 24 Tioga
Way, P.O. Box 615, Marblehead,
MA 01945; Tel: 617-631-7100;

Fax: 617-631-8887.
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OSCILLOSCOPE
PROBE SET

Most dual-beam oscilioscopes
can use aigebraic addition to
dispiay the sum or difference of
two signals, which requires that
both channels be accurately
matched over the frequency
range. That means that the pro-
bes must also be accurately
matched. The M12DF differen-
tial probe set from Test Probes,
Inc. allows precise matching of
oscilloscope channels for accu-
rate measurement of two
signals. The differential probes
are designed to measure across
points in a circuit where one

point is not directly referenced
to ground. The M12DF set con-
sists of a pair of 250-MHz
adjustable passive probes, one
of which has fine attenuation
adjustment at DC and low fre-
quencies. Although safety
grounding (usually through the
oscilloscope) is still required,
the probe signal grounds can be
left unconnected, eliminating
unwanted signals that might up-
set the measurement. The
M12DF set features probe resis-
tance adjustable to 0.1%,
coarse and fine controls for the
adjustment of high-frequency
response, 1.4-ns rise time, a
compensating range of 1060
pF, and an attenuation ratio of
10to 1.

The M12DF differential probe
set costs $340. For further infor-
mation, contact Test Probes,
Inc., 9178 Brown Deer Road,
San Diego, CA 92121; Tel:

800-368-5719.
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SMT VACUUM/
TWEEZER TOOL

To ensure the safe handling of

surface-mount parts, ESPs VAC

Tweezer presents no danger to
leads or risk of board scratch-
ing. The vacuum tool features
see-through silicone pads that
aid in the exact picking or place- |
ment of very small to large SMT

components. The vacuum cre-
ated by squeezing and
releasing the bulb is powerful
enough to accurately pick up
and replace parts weighing up
to 80 grams. Five pads are
included, ranging in size from
0.140 to 0.400 inches.

The VAC Tweezer kit costs
$12.50. For more information,
contact ESP Solder Plus, 14
Blackstone Valley Place, Lin-
coln, Rl 02865-1145; Tel:
401-333-3800 or 800-338-4353;

Fax: 401-333-4954.
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CRAMOLIN
DEOXIDIZER PEN

Cramolin DeOxidizer, a fast-act-
ing solution that improves
conductivity on connectors and
contacts, is now available from
Caig in economical, convenient,
pen-style applicators. The non-
flammable, non-corrosive, non-
toxic, and ozone-safe solution
works by dissolving resistive ox-
ides from metal surfaces. It
provides long-lasting protection
from future oxidation, and is

effective on all metal surfaces.
The pen applicator makes it
easy to precisely apply the De-
Oxidizer, and is particularly well-
suited for use on edge con-
nectors, batteries,
interconnecting cables, plugs,




Why take chances in
today s job market?

Graduate as a fully trained electronics professional.

To get ahead and stay ahead in today's
economy, you need the electronics
training CIE has been providing its
150,000-plus successful graduates
with for nearly 60 years.

Meet the Electronics Specialisls.
When you pick an electronics school,
you're getting ready to invest time and
money. And your whole future depends
on the education you receive in return.
That's why it makes so much sense

to go with number one... with the
specialists... with CIE!

There's no such
thing as a bargain
educalion.

If you talk to some
of our graduates,
and we recom-
mend you do,
chances are

you'd find a lot

of them shopped
around for their
training. Not for
the lowest priced,
but for the best
training available.
They pretty much
knew what was
available when they plcked CIE as
number one.

Because we're specialists we have lo
slay ahead.

At CIE we have a position of leadership
to maintain. Here are just a few of the
ways we hang onto it...

Programmed Learning.
That's exactly what happens with CIE's
Auto-Programmed Lessons®. Each
lesson uses famous “programmed
learning” methods to teach you import-
ant electronics principles. You explore
them, master them completely, before
you start to apply them. You thoroughly
understand each step before you go on
to the next. You learn at your own pace.
And, beyond theory, some courses
come fully equipped with electronics
equipment to actually let you perform
hundreds of hands-on experiments.

Experienced specialisls work closely
with you.

Even though you study at home, CIE's
faculty and staff stand ready to assist via
CiE's toll free number. And, each time
you return a completed exam you can

be sure it will be reviewed, graded and
returned with the appropriate instruc-
tional help, you get it fast and in writing
from the faculty technical specialist best
qualified to answer your question in
terms you can understand.

Pick the pace thal's right for you.

CIE understands people need to learn at
their own pace. There's no pressure to
keep up...no slow learners hold you back.
If you're a beginner, you start with the
basics. If you already know some electro-
nics, you move ahead to your own level.

“Same Day”
grading cycle.
When we
receive your
lesson, we
grade it and
mail it back the
same day. You
find out quickly
how well you're
doing!

State-of-the-art
faboratory
equipment.
Some courses
feature the CIE
Microprocessor
Training Laboratory. An integral part of
computers, microprocessor technology
is used in many phases of business,
including service and manufacturing
industries. The MTL gives you the
opportunity to program it and interface it
with LED displays, memory devices and
switches. You'll gain all the experience

needed to work with state-of-the-art
equipment of today and tomorrow.

New Courses!

CIE now offers two new career courses:
Automotive Electronics and Computer
Operation and Programming.

CIE offers you an Associale Degree.
One of the best credentials you can have
in electronics — or any other career field
— is a college degree. That's why CIE
offers an Associate in Applied Science

in Electronics Engineering Technology.
And all CIE career courses earn credit
toward your degree.

Which CIE training fils you?
Beginner? Intermediate? Advanced?
CIE home study courses are designed
for ambitious people at all entry levels.
People who have: No previous
electronics knowledge, but do have

an interest in it; Some basic knowledge
or experience in electronics; In-depth
working experience or prior training in
electronics.

At CIE you start where you fit and
feel comfortable where you start, then go
on from there to your Diploma, Associate
Degree and career!

Today is the day. Send now.

Fill in and return the postage-paid card
attached. If some ambitious person has
already removed it, cut out and mail the
coupon below. You'll get a FREE CIE
school catalog. plus complete informa-
tion on independent home study. Mail
in the coupon below or, if you prefer,
call toli-free 1-800-321-2155 (in Ohio,
1-800-623-9109).
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ISPECIAL FROM ETT:

O PCP107—DIGITAL
LOGIC GATES AND FLiP-
FLOPS ... $10.00. Estab-
lishes a firm foundation
for the user who wants to
design and troubleshoot
digital circuitry and wants
to know more than a few
rules of thumb. No back-
ground beyond a basic
knowiedge of electronics

is assumed. O PCP108—COMPUT-
fooere ERS AND MUSIC ...

$9.95. Helps you learn the
basics of computing, run-
ning applications pro-
grams, wiring a MIDI
system and using the sys-
tem to good effect. In fact,
just about everything you
need to know about hard-
ware and programs.

O PCP109—EVERYDAY
ELECTRONICS DATA
BOOK ... $10.00. Presents
the essential theory of
electronic circuits and also
deals with a wide range of
practical electronic ap-
plications. Info is pre-
sented in the form of a
basic electronics recipe
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TRONIC POWER SUPPLY
HANDBOOK...$10.95. Al
types of power supplies
are covered, starting with
cells and batteries, on to
rectified supplies and lin-
ear stabilizers, to modern
switch-mode systems, 1C
switch-mode regulators,
DC-DC converters and in-
verters.

[J BP285—BEGINNERS
GUIDE TO MODERN
ELECTRONIC COMPO-
NENTS ... $6.50. Basic
functions of resistors, ca-
pacitors, inductors, di-
odes (including Zeners
and Varicaps), tran-
sistors, Thyristors, optp-
electronic devices, op-
amps, logic IC's, speakers
and microphones, and
meters are all described.
Sort of a beginners bible of
electronics.

-------------------------

[ | MAIL TO: Electronic Technology Today, Inc.

[] P.0. Box 240

(] Massapequa Park, NY 11762-0240

| SHIPPING CHARGES iN USA AND CANADA

1 $0.01t0 85.00 .. .$1.50 $30.01 to 40.00 ..$5.50:

U $5.010$10.00 ..$2.50 $40.01 t0 50.00 . . $6.50

B $10.011020.00 ..$3.50 $50.01 and above . $8.001

) $20.01 10 30.00 ..$4.50 []

3 SORRY, No orders accepted outside of USA and

1 Canada 1

I Total price of merchandise . .. .. $ ]

Shipping (see chart) ...... ... $ 1

§ subtotal ................. $ -

B Sales Tax (NYSonly) ......... $ ]

§ TotalEnclosed ... ......... $ (]

1 Name :

B Address

I City State Zip ]

] |
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sockets, and relays. The pen
includes two chisel-head tips
and one round-head tip that are
easily interchangeable.

The Cramolin DeOxidizer Pen
costs $9.95. For more informa-
tion, contact Caig Laboratories,
inc., P.O. Box J, Escondido, CA
92033-3679; Tel: 619-743-7143,;

Fax: 619-743-2460.
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RECEIVER PRE-
AMPLIFIER

Designed to improve the perfor-
mance of test equipment, VHF/
UHF communications receivers,

and shortwave receivers, ACE
Communications' GW-2 GaAs
FET, low-noise, wideband am-
plifier allows flat response over
its entire 100-kHz—1.3-GHz fre-
quency range. Amplifier gain is
continuously variabie from —3
dB to +20 dB. For increased
versatility, BNC connectors and
an internal battery are used; the
ampilifier can even operate on
hand-held receivers. The com-
pact unit measures just 3 x 2
X 1% inches.

The GW-2 adjustable-gain
preamplifier has a suggested
retail price of $89.00. For more
information, contact ACE Com-
munications Monitor Division,
10707 East 106th Street, indi-
anapolis, IN 46256; Tel:
317-842-7115; Fax:

317-849-8794.
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MINIATURE
SOLDERING IRON

The 18-watt Antex model B/3U
miniature soldering iron is as
powerful as a conventional 30-

watt iron, according to M.M.
Newman Corporation. it accom-
modates a broad selection of
slide-on tips to handle all types
of field-service repairs. The
model G/3U heats ups to 725°F
in 45 seconds, recovers in-
stantly after soldering each
joint, and cools down enough to
fit back into a field-service kit in
two minutes. The iron has a
plastic handle that stays cool to
the touch, a six-foot cord, and a
three-prong molded plug. The
selection of interchangeable
tips includes needle points,
chisels, spades, pyramids,
cones, and a hot knife.

The Antex model G/3U mini-
ature soldering iron, inciuding
one standard tip, has a list price
of $19.95. Additional tips are
priced starting at $1.48 each.
For further information, contact
M.M. Newman Corporation, 24
Tioga Way, P.O. Box 615, Mar-
blehead, MA 01945; Tel:
617-631-7100; Fax:

617-631-8887.
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TWO-CHANNEL FM
WIRELESS INTERCOM

For enhanced communications
in the home or office, Midland
International’s model 72-015 FM
wireless intercom provides two
separate channels. That allows
the user to privately converse
with two different locations
(using three units) or to place
conference calls on a single
channel to all locations. The
72-015 also features a lock
function that can provide fuli-




time monitoring of a specific
location, such as a baby’s room.
The call button can be used to
transmit a high-level audio tone
to let the receiving party know
that the operator wants to send
a message. The unit plugs di-
rectly into an AC outlet for
power, and a built-in noise-filter
circuit virtually eliminates AC-
line noise. Powerful FM range
allows units placed up to 500
yards apart to be clearly heard.
Other features include fully-au-
tomatic squelch for reduced
background noise, a condenser-
type omnidirectional micro-
phone for wide-range sound
pick up, and a large speaker on
top of the unit.

The model 72-015 two-chan-
nel FM wireless intercom has a
suggested retail price of $27.95.
For additional information, con-
tact Midland International
Corporation, Consumer Com-
munications Division, 1690
North Topping, Kansas City, MO

64120; Tel: 816-241-8500.
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10-BAND GRAPHIC
EQUALIZER

ADC's Soundshaper 200 is a
slim-line graphic equalizer with
a fluorescent spectrum-analyzer
display that allows the listener
to view the results of changes
made to the music as its 15-dB
sliders are moved up or down
across ten different frequency
bands. The unit's spectrum-ana-
lyzer sensitivity control ensures
accurate analysis of the music
spectrum by keeping the dis-
play centered, and a peak-hold
button allows easy level analy-
sis. With the Soundshaper 200
the listener can adjust the
sound of the stereo system to
room acoustics, cure harshness
or duliness of the sound, and
improve TV and VCR sound
through its video-audio inputs.
Using the EQ-record button,
users can customize cassettes
for car use by improving their
sound to overcome road and
engine noise. For optimum per-
formance, a precision 18-dB/
octave switchable infrasonic
(subsonic) filter provides clean-
er bass by removing low-

frequency rumble. Total har-
monic distortion is less than
0.003%.

The Soundshaper 200 has a
suggested retail price of
$149.95. For more information,
contact ADC, 707 East Evelyn
Avenue, Sunnyvale, CA 94086.
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PASSIVE-INFRARED
MOTION DETECTORS

Designed to work with the X-10
Powerhouse brand of home-au-
tomation products, the SP554
wireless, passive-infrared mo-
tion detector is self-supervised,
sa it can alert the homeowner to
a problem (for instance, a low
battery). As many as 16 motion
detectors can be quickly and
easily installed. The system au-
tomatically selects, at random, a
unique internal code for each
detector, so there are no code
switches for the user to set. If
the motion detector senses
movement when the system is
armed, the Powerhouse siren
sounds and all household lights
connected to X-10 famp mod-
ules and wall-switch modules
flash on and off. The SP554 has
two modes of operation: In the
first it will trip after detecting any

motion, and in the second mode
it will trip only if two movements
are detected in a short period of
time or if continuous movement

is detected.

The SP554 passive-infrared
motion detector costs $59.00.
For additional information, con-
tact X-10 (USA) Inc., 185A
Legrand Avenue, Northvale, NJ
07647; Tel: 201-784-9700; Fax:
201-784-9464.
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AMAZING

SCIENTIFIC & ELECTRONIC
PRODUCTS

LASERS AND SCIENTIFIC DEVICES
VRL2K  3mw Vis Red Laser Diode System Kit ...................
LLISIK  Laser Beam“Bounce” Listensr Kit ...
LHC2K  Visible Simulaled 3 Color Laser KIt
Ler 40 Watt Burning Cutting Laser Plans...
RUB4  HiPowered Pulsed Drilling Laser Plans...
LGU40 1 to 2mw HeNe Vis Red Laser Gun Assembled
LLS1 Laser Lite Show - 3 Methods Plans ........
SD5K  Seeinthe Dark Kit................
EML1K  Elsctromagnetic Coil Gun Kit
MCP1  Hi Velocity Coil Gun Plans ...
LEV1 Levitating Device Plans ..............
EH? Electronic Hypnoti [

HIGH VOLTAGE AND PLASMA DISPLAY DEVICES

HVM7K 75,000 Volt DC Variable Output Lab Source Kit........ $149.50
IDG3K  lon Ray Gun Kit, project anergy without wires ..
NIGOK  12V/115 VAC Hi Dut Neg lon Generator Kit....... .$34.50
EMA1K  Telekinetic Enhancer/Electric Man Assembled. ..
LG5K  Lightning Display Globe KIt ................
BTCIK  Worlds Smallest Tesla Coil Kit..
BTC3K 250KV Table Top Tesla Coil Kit ..
BTC5 15 Million Volts Tesla Coil Pians
Jui Jacobs Ladder - 3 Models Plans
GRA1  Anti Gravity Generator Plans
PFS20  Plasma Fire Saber Assamble )
DPL20  Dancing Plasma to Music and Sounds Assembled...... $79.50

SECURITY AND PROTECTION DEVICES

iTM10 100,000 Yolt Intimidator up to 20° Assembied .........
IPG70  luvisibie Pain Field Bias! Wave Gen Assembled
PSP4K  Phasor Sonlc Blast Wave Pistol Kit............
LIST10  infinity Xmtr, Listen in Via Phone Assembied
TAT30 ic Tel ing Device

VWPM7K 3 Mi. FM Auto Tei Transmitter Kit .
FMVIK 2 Mi. FM Voice Transmitter Kit ...
HOD1K Homing/Tracking Beeper Transmitter Kit .

LASY ORDERING PROCEDURE TOLL FREE 1-800-221-1705
of 24 HRS ON 1-603-673-4730 or FAX IT T0 1-603-672-5406
VISA, MC, CHECK, MO IN US FUNDS. INCLUDE 10% SHIPPING. OROERS
$100.00 & UP ONLY AOO $10.00. CATALOG $1.00 OR FREE WITH OROER.

INFORMATION
P.0. BOX 716, DEPT. PE, AWHERST, NH 03031

Call (800) 992-9943

Over 35,000
Electronic Components

Call Today for Your

FREE SUBSCRIPTIO
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By John J. Yacono

The
Bitgrabber
Revisited

ack in the December

1990 issue of Popular
Electronics, there was a
project (which | designed)
that generated a good
deal of mail—luckily all of it
was good. Many people
came out with additions
and modifications to the
circuit, and since it is a very
simple project, | though I'd
present some of the mail
here.

The project was called
the Bitgrabber, and it was a
very simple (read that “be-
ginner’s”) computer project.
In fact, even if you've never
built a computer-oriented
circuit, you needn’t hesitate
to try assembling the
Bitgrabber; as long as you
wire it correctly, it will work.
(In fact, one of this month’s
contributors reduced the
project to a one-IC circuit))

What the Bitgrabber does

is monitor the parallel-
printer connector of an IBM
compatible and waits to
see a particular character
coming out from there. The
character it looks for is set
by the user through some
switches. When the user-set
character matches the
computer-generated
character, the output of the
Bitgrabber goes low.

The Bitgrabber is as useful
as it is simple. It can be
used to troubleshoot paral-
lel-printer cables and
interfaces, or even serial
cables. By using op-
tocouplers, you can even
use it to turn appliances in
your house on and off at
the command of your
home computer.

HOW IT WORKS
Inside a computer,
characters are represented
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Fig. I. The Bitgrabber in its earliest incarnation. It’s a springboard that mary ideas have sprung

from,

THINK TANK

by 8-bit binary numbers.
The number that represents
each character can be
taken off an ASCIl or IBM
character chart, which is
contained in most comput-
er books. When a computer
sends a character to a par-
allel printer, it sends all of
the character’s eight bits at
once (i.e. in parallel). They
exit the computer through
pins 2-9 on a DB-25 con-
nector.

The Bitgrabber circuit is
shown in Fig. 1. The eight
switches, $1-a-51-h, are
used to tell the Bitgrabber
the pattern of the bits it is to
look for. When the bit pat-
tern from the computer
matches the pattern of the
switches, the Bitgrabber's
output goes low. That's all
there is to it. If you want a
more in-depth explanation
of the parallel-printer port
or the operation of the
Bitgrabber, see the De-
cember 1990 issue of
Popular Electronics.

The Bitgrabber is really a
springboard; a project that
leaves it up to the builder to
make it really useful. That's
what many of you have
done. Let's take a look at
some of the ideas that
you've sent in (all of them
will of course be rewarded
with a Think Thank Il book),
and permit me to throw in
a few curves of my own.

THE ONE-CHIP
BITGRABBER

| have been an avid
reader of Popular Elec-
tronics for a number of
years and although I nor-
mally get a chance to read
the magazine when it ar-
rives, | just got around to
reviewing the December
1990 issue.

The Bitgrabber article
starting on page 33 is a
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Fig. 2. One chip can replace all three of the chips in the old
Bitgrabber. The trouble is getting the chip.

very interesting article and
could be used as a basic
building bilock for numerous
computer projects. How-
ever, after a detailed
inspection of the circuit |
would like to suggest a sim-
pler approach.

The IC used in my circuit
(see Fig. 2) is a 7415688 8-
bit magnitude comparator.
Amazingly enough, the
functional blocks that make
up the 74LS688 almost du-
plicates the circuit shown in
your article. The chip is es-
pecially designed to
accomplish exactly what
the three chips in the
Bitgrabber do. By placing
the data from the comput-

FROM
BITGRABBER

Fig. 3. A simple latching
indicator can be made for the
revised Bitgrabber (back in
Fig. 2) with just a few
components.

er on the Q inputfs and the
user-selected data from the
switches (51-58) on the P
inputs, you'll get an active-
high output on pin 19, if
and only if, the two sets of
data match.

The greatest advantage
to using this IC in the circuit
is that it reduces the
number of components. An
added advantage, from my
viewpoint, is that the output
is an active high, which
generally makes it easier to
interface with other circuits.
Also since the chip provides
a chip-enable input (pin 1),
it allows handshaking to be
tested also.

The additional circuit
(shown in Fig. 3) can easily
be added to latch onto the
circuit’s output. It eliminates
having to repeatedly out-
put a match to activate a
slow test instrument (such as
a multimeter). It is a very
simple circuit that can be
found in about all refer-
ence books on SCRS. |
hope both circuits will be
useful to someone. Keep up
the good work with the
magazine.

—Bobby D. Smith, Lake
Charles, LA

Very, very well done!
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Those of you interested in
building 1-chip Bitgrabbers
will be happy to know that
there is a whole family of 8-
bit magnitude com-
parators. They include the
active-low 74520, 74521,
74522, and 74689, and the
active-high 74518, and
74519. (By the way, the
74688 is actually an active-
low chip.)

So with all those chips out
there, why did | use a more
fragmented approach?
Simple, it was hard for me
fo get those chips (even
here in New York), so | de-
signed the unit out of more
commonly available stuff A
project won't be popular if
people can't get the parfs
fo build it.

By the way; I really prefer
active-low outputs on TTL
circuifs. The reasons for that
are pretty sfrong. First of all,
active-low outputs can op-
erate optocouplers.
Optocouplers can operate
DC loads, rectified AC, and
full-wave AC loads. All you
need is an optocoupler
with the right oufput (fran-
sistor, SCR, or Triac driver,
respectively).

Also by using an active-
low output, you can inter-
face the circuit with CMOS
circuifry operating with a
higher supply voltage. Thats
one reason why most out-
pufts on TIL devices are
active low.

By the way, the enable-
input feature you men-
tioned is an excellent
improvement. Some oufput
ports actually hold one or
two of the eight data lines
high when idie. Your circuit
removes the chance of
falsely detecting that idle
data.

BITGRABBER
ADDITION

Here’s a simple addition
o the Bitgrabber circuit
from your December 1990
issue (see Fig. 4). In order to
increase the usability of the
circuit, an LED-driving circuit
is added to the output. The

TO BITGRABBER +5V
QUTPUT

U1
1/2 7818123 |

+5V

R3
47K

Fig. 4. A monostable can be
added to the Bitgrabber for
easy visual detection of
pulses. The duration of the
output pulse can be adjusted
using R1.

circuit eliminates the need
for hooking up a scope to
the Bitgrabber’s output and
thus allows quick, portable
use of the device.

In the circuit, the Bitgrab-
ber’s output drives half of a
7415123 monostable muiti-
vibrator, which produces an
output pulse with a duration
long enough to illuminate
LED1. The circuit is triggered
by the falling edge of the
Bitgrabber’s output. The
pulse width can be ad-
justed by varying R1. The
values shown for R1 and C1
aliow a maximum pulse du-
ration of up to 4.5 seconds.
When the desired
character is detected, the
LED will light for the duration
of the pulse from the
74L5123.

If that character is de-
tected again while the LED
is still illuminated, the mono-
stable is refriggered,
prolonging the width of its
output pulse. Thus, it is diffi-
cult to determine the exact
number of occurrences of
a particular character if the
character is detected often
(i.e.. more frequently than
the pulse width will allow).
The circuit is, therefore, only
useful for detecting an oc-
currence of a specific
character.

—Brian Delsey, Hamilton,
Ontario




You deserve a book for
such a nice pulse stretcher.

RELAY DRIVER

| enjoy experimenting
with transistors and other
devices that allow you to
control a high voltage with
a low one. | built this circuit
(see Fig. 5) awhile ago and
forgot about it. | found it
today and connected it to
the Bitgrabber. The relay re-
mains pulled in as long as
the base of Q1 is held high.
Diode D1 protects the cir-
cuit from the inductive kick-
back produced by the coil
of KA. Resistor R1 reduces
the current flow out of the
Bitgrabber and into the
base of @1. Hope this gets
me a Think Tank book.

—Jon Caywood, Lynn-
wood, WA

Short and sweet. The
reader should note that the
printer port will have to
output the selected
character a couple of times
to allow the relay (a pretty
slow device) to deactivate.

Your interest in power
confrol is well deserved;
most of electronics is dedi-
cated to that subject in one
form or another.

MY OWN CURVE

At this point I'd like to
throw in a twist of my own.
By using SPDT center-off
switches in place of the
plain SPST units originaily
specified, you can set the

Fig. 5. A simple interface
circuit can be made so that
the Bitgrabber can operate
powerful devices. Power
control is one of the most
important topics in
electronics and its study
accounts for most of the
components we have today.

switches to a “dont-care”
state, as well as to high and
low. That will allow the unit
ta ignore the value of one
or more of a character’s bits
if that bit is inconsequential.
Take a look at Fig. 6 to
see how that is accom-
clished. In the figure, we
cnly show the operation of
one switch since they all
function identically. As
shown, the switch can be
set in one of three positions:
the “low” position, which
ties an input of the xor gate
o ground; the “high” posi-
tion, which aliows the gate
input to float high via a
oull-up resistor; or the “don’t
care” position, which ties
the gate input fo it's corre-

TO ONEOF

THE DATA TO ONE
PINS ON OF THE
THE DB-25 NAND-GATE
CONNECTOR INPUTS

DONT
CARE

HIGHO

LUWi )

Fig. 6. The capability of the
Bitgrabber can be greatly
enhanced by using SPDT
center-off switches. They
allow the user to specify a
“don’t care’’ state for times
when the value of a bit or
two is unimportant.

sponding printer-port input,
ensuring a match re-
gardless of the port line's
value. There is only one
hitch to the modification:
don't expect a Bitgrabber
maodified in this way fo fit
into a small case.

In the future, if you im-
prove upon a project that
you've seen in this maga-
zine, let me know. If | get
enough letters on a par-
ticular project, we can
explore the possibilities to-
gether. Write to Think Tank,
Popular Electronics, 500-B
Bi-County Bivd., Farm-
ingdale, NY 11735. |
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by Joseph J. Carr

Design and build your own radio frequency ampili-
fiers, preselectors, signal generators, inductor coils,
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ROBOT

Learn the fundamentals of brain activity

AUGUST 1991

and how to simulate animal behavior by

building your own robot.

BY JONATHAN CONNELL

trillions of connections between them. Although, many areas have a
uniform structure, there are several-hundred architecturally distinct
regions. That makes simulating a human brain very difficult.

By confrast, there are many insects and marine animals that have far
fewer neurons. Some of them have been studied in detail and scientists have
a good idea of how the various components of their brains are connected
together. There is also a rich collection of experimental data detailing what
sort of behaviors are present in each animal and how various groups of
neurons interact to perform the necessary computations. So, atleast for now,
its more feasible for us to build robotic models of such simple creatures
rather than humans. Also, since man evolved from simpler organisms, the
knowledge gained from such an endeavor should ultimately lead us to @
better understanding of our own minds.

In this article, we'll investigate the nature and capabilities of elementary,
animal-like reflex systems. We'll also show you how o construct an inexpen-
sive mobile robot based on simple animal behavior.

The human brain is very complex. It contains billions of neurons and has

Behavior. Before designing our own creature, we need to investigate some
of the principles of natural control systems like the nervous system. Let's
start by breaking an organism’s overall behavior into a collection of
separate reflexes. This allows us to study and develop an understand-
ing of each reflex as though it was isolated fromthe others. Once
each reflex is understood they can all~
be put togetherin a model that coordi-
nates their activity. This coordination is § ¥ -
necessary fo prevent poten- 5 .
tial conflicts between reflexes. % N
Each reflex can be model-
led as a set of “if-then” rules—if a
particular circumstance exists,
then perform a specific action. A
simple way to model the coordina-
tion of the animal’s actions is fo give
each rule a different priority. cxperi-
mental robotics research has shown N
that such systems, if cleverly designed, .
are powerful enough to accomplish so- R
phisticated tasks. K

1661 LSNONY

[ V]
(3]



POPULAR ELECTRONICS

N
(-]

The functioning of a rule-based sys-
tem is best illustrated by an example.
Consider the coastal snail. This creature
spends its life at the edge of the ocean,
eating algae off rocks. The best place
for this kind of snail is in a crack right
above the waterline. There it can find a
rich concentration of food and the
creature is in no danger of being dried
out by the sun or gulped-up by a pass-
ing bird. Unfortunately, the snails are oc-
casionally swept away by a wave, so to
avoid starvation they must have some
way of seeking out this optimal region
again.

Ethological studies have revealed
that the snail has two primitive drives: to
climb upward and to avoid light. We will
refer to these reflexes as “up” and
“dark.” However, neither of these in-
stincts completely controls the snail’s
behavior. In fact, there are some situa-
fions in which they play no part. For
instance, if there is no difference in light
intensity between directions, the dark
behavior is quiescent and the snail
crawls straight upward. Similarly, when
the snait is on a more or less flat surface,
the up drive is inactive and the snail’s
direction of travel is determined solely
by the illumination gradient.

Overall, however, dark is the stronger
reflex. If avery bright light source is pres-
ent, the snail will crawl away from it
even if this means going downward.

Surprisingly enough, if one turns the
snail upside down, instead of avoiding
light, it will now head toward bright
areas. We can say that this is due to a
third reflex, “bright,” which provides the
animal with an urge to seek out light.
Since the bright reflex ends up control-
ling the motion of the animal, it must
override the output of the dark module.
Yet this new behavior only becomes ac-
tive, or "potentiated,” when the animal
is inverted. When the snail is right-side
up, the creature acts out one of the
lower level behaviors.

There is one further twist to all this. It
has been observed that the light-seek-
ing behavior occurs only underwater. If
the animal is in air, it will invariably seek
out dark areas, even if it is upside down.
We can model this by adding another
behavior, called “crack” to the crea-
ture’s repertoire. When the snail is out of
the water, this behavior takes prece-
dent over all the other drives and
causes the creature to seek out dark
places.

As shown in Fig. 1, we can draw the
interaction of the reflexes (or “be-
havioral modules”) as boxes. We can

NO WATER —»{ CRACK |
UPSIDE
DOWN ®

[ oAk _|—(S)
| v | ®
CRAWL

Fig. 1. The overall activity of a sea snail
can be broken down into four natural
tendencies or behaviors. In some
situations, one tendency suppresses
another. For example, bright behavior
suppreses dark behavior.

indicate the priority of the behavioral
modules through the use of circles with
an “S” (which stands for suppressor
node) in it. In the case of conflicting
motion commands, the behavioral
module which injects its signal into the
side always wins and gets control of the
snail's body. The dominant behavior

ROCK
P

Fig. 2. The priorities placed on a snail’s
behavior cause it to climb up out of the
water, seek a dark crack in the landscape
and stay there.

supresses the weaker behavior.

This collection of four behaviors al-
lows the snail to find the best foraging
areq, even if it has to negotiate major
obstacles along the way. Imagine, as
shown in Fig. 2, that the snail starts on
the ocean floor, a short distance off-
shore. Since the rocks are slightty darker

OBSTACLE

OBSTACLE

Fig. 3. Our robot will have three basic
behaviors that will cause it to explore its
world, avoid obstacles, and seek out
objects.

than the surrounding sand, it crawls
along the bottom towards them. Then,
when it reaches an outcropping, it
starts climbing the face. However, every
fime it comes across a notchin the rock,
itis drawn inward by the darkness. Upon
reaching the end of the crack, the snail
starts climbing the rear wall and even-
tually reaches the ceiling. Here, it be-
comes inverted and thus moves
outward toward light again.

Having successfully overcome this
impediment, the snail continues climb-
ing toward the surface. When it reaches
the edge of the water, it ascends still
further until it comes across another
crack. As before, the dark-seeking be-
havior will take over and directs the
snail into any crack encountered. How-
ever, since it is now above water, the
snail does not head upward or turn
around when it reaches the back, but
instead stays deep in the crack to
search for food.

The Robot’s Behavior. Using be-
havior-based control systems we can
now design our own synthetic crea-
tures. The one o be described here is
called “*Muramator,” which is Latin for
“wall lover” As its name suggests, the
robot follows the edges of walls and
furniture. To design such a robot, we
start by breaking its desired “behavior”
down into separate parts.

The most primitive behavior we'll call
“explore.” This module should con-
stantly urge the robot to go forward.
While that causes the robot to move
around its environment, it also causes
the robot 1o get stuck easily. To prevent
this, we’ll add another behavior,
“avoid,” which overrides the output of
the explore circuitry. Avoid’s job is to
steer the robot away from any obsta-
cles that might be encountered.

With just these two behaviors a robot
is capable of wandering around its en-
vironment for long periods of time.
However, it tends to bounce around like
a drunken pool ball. To make the robot
more responsive to its world, let's add a
third behavior, “seek.” This module can
search for objects and guide the robot
toward them.

A dynamic balance between seek
and avoid will keep the robot running
roughly paratlel to the edges of objects.
Like an ancient mariner, the robot will
attempt to keep the shoreline of its
world in sight at all times.

The whole algorithm (shown in Fig. 3)
has been successfully used by several
larger robofs. Our abstract specifica-



tions now need to be franslated into
real rules. To do this we need to know
the actual perceptual and motion ca-
pabilities of our robot. To keep con-
struction simple, for the body we have
chosen a commercially available toy
vehicle that is able to stop, go forward,
orturmn in place toward the left. No other
actions are possible.

There are 3 different bodies (all avail-
able at Radio Shack) that will work with
the Muramator circuit. The preferred
body is a wire-controlled skate board.
This configuration is called the “whirl-
igig” or WG model. Another optiori is to

PARTS LIST FOR THE
: H‘I.IIIA.HATQH :

. SEMICONDUCTORS ;
Uil—1.M339 quad Dnmparamr ml.cgraltd
=il
I)]—t'tﬂm :m’t:.fymg dludb {niot used
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I_JE-—H_I_IH—IN‘SIM ﬂmall—&_lgnal_dindc
Gl Q2—MP52507 PNE transistor
Q3—TILAI4 IR phototransistor
LEDI—SEPHTO3-1 infrarcd m'ul.‘l.mg
- diode -
LEDZ, LED3—Light- r.:mumng diode

RESISTORS

(Al fixed resistors are 5%, V«wan
Lo units.)
RI-R3—1-megohm
Rd4—470,000-0hm
RA-R7—220 000-0hm:
B8, R9— 100, (i)-ohm
RIO=R 14— 47, 000-0hm
RE15, RBto—10000-0hm
RI7-RE20-—1000-ohm
R21-=330-0hm
RZL’{—RE‘S—]-megnhm pﬂ-temwmcm'

: mv;nm
Cl—4.7-pE 35 W\“D{. EbiDCUﬂl}'l‘h
C2—{) 150 F ceramic disc
€3, 04— 01-pF metalized film
CO5—A470-pF metalized film:
C6—12-pF, 35 WVDC, elecirolytic

MTMI-Lm m MATERIALS.
Kl—12-volt DPDT relay
S S1—PPDT subminiature slide switch
42-—SPDT subminiature slide switch
Blo-volt transistor-radio hattery
CR2,BR1.5-volt C-cell battery
Printed-circuit board, wire-controlled
© - skate board (Radio Shack Mo:
60-229% or equivalent), 14-pin IC
socket, 9-volt battery holder, 9-voll
hattery clip, 2 C-cell battery holder,
wire, solder. ek,

A drilled and erched printed-circuit
board with instructions is avalable for
825 (post paid) from Johueo Lid.,
Box 390, Vernon, CT 06066. C7
residents must add appropiale sales
tax.
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Fig. 4. A neuron receives input from other neurons and ascribes da certain amount of
importance (weight) 1o each. Some weights are negative some positive. It then sums the
overall value of the inputs, integrates them, and if the integrated value reaches a certain

level the neuron outputs a one.

build the robot around a wire-con-
trolled dinosaur (Radio Shack No.
60-2284), referred to as the "Dizzy Lizzy”
(or DL) model. The DL model has a more
appealing appearance, but the WG
model has crisper performance. Still
another option is the “Piro-jette” (or PJ}
model, which uses a wire-controlled
Stealth Fighter (Radio Shack No.
60-2305). However, the wings of that
model have atendency to get stuck on
obstacles.

Since the Whirligig is the technically
best model, we'll be covering that one
here. You can get further information
on using the other bodies from the kit
supplier mentioned in the Parts List. Un-
fortunately, your choice of modet might
be constrained by which toys your local
store has in stock, although they may
be able to order the model you want. In
any event, most Radio Shack stores
stock most of the toys during the holiday
seqson,

For sensing, we'll use asingle infrared
proximity detector. That device works
by emitting a beam of light then look-
ing for a bright reflection. The sensor is
able to “see” objects in an almond-
shaped region about 3-inches wide by
12-inches long.

The implementation of the first be-
havior, explore, is trivial: we just run the
robots motor. The next behavior, avoid,
is also fairly simple. If the obstacle de-
tector senses anything, we run the
robots motor in reverse. This causes the
creature to turn away from the stimulus.

However, for this to work, the obstacle
sensor must be oriented properly: On
one hand, it is important that the robot
have some forward vision to avoid ram-
ming into objects directly in its path,

\2\;;;
2 Aoi- = OUTPUT
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Fig. 5. This symbol of a neuron shows one
excitatory input (A), one inhibitory input
(B), the synapse (the circle), and the
output. Both inputs have a weight of 2 as
indicated.

However, if the sensor points straight for-
ward, the robot is likely to side-swipe
obstacles. Therefore, we compromise
and aim the sensor about 30° to the
right of the robots midline. That natu-
rally makes the robot more sensitive to
obstacles on the right. a sensible
choice since our robot avoids things by
turning left.

The last behavior, seek, is more diffi-
cult to instill in the robot. Unfortunately,
we can't directly determine where the
wall is and how to steer the robot to-
ward it. The robot only looks in one di-
rection, and anytime it sees something,
it is programmed 1o turn until the sensor
reading disappears. However, if the
proximity detector is active a large per-
centage of the time, we can assume
that the robot is still near obstacles.
Open spaces, on the other hand, are
characterized by the absence of any
sensor readings.

That forms the basis for our seeking
strategy: When the robot has not seen
anything for awhile, it spins around in an
attempt to locate the edge of the
world again. Notice that if the new seek
behavior is omitted, the creature will
not turn back toward the wall, but in-
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stead it would zoom off into space.
Since the robot avoids things by turning
left, it has a good chance of finding
things if it furns right instead. Yet, be-
cause our creature can only turn to the
left, we must make a right turn the long
way around. Thus, we generate a care-
fully timed burst of movement to yield
approximately 270 degrees of rotation.

However, the creature is basically
blind during a programmed turn, and
may rotate all the way past the wall
when seeking it. To fix this, as soon as the
robot senses an object nearby, the seek
circuit will be reset (i.e., it will start mea-
suring the amount of time it spends
near objects again). That not only
causes the robot to stop turning, it also
synchronizes the unit so that it correctly
measures the time since the last obsta-
cle sighting.

Neurons. We have seen that it is not
necessary to give a robot an explicit
plan to perform action; instead, gener-
al rules suffice. This greatly reduces the
complexity of the “nervous system” re-
quired. Typically. a set of ordered reflex-
es is adequate for simple navigation,
but what mechanisms make these re-
flexes possible? In animals the answer s,
of course, neurons. So, as a guide to
implementing our “creature” elec-
tronically, let us see how real neurons
wOrKk.

Neurons communicate via electrical/
chemical impulses. To transmit a signal,
one neuron releases a puff of a specific
chemical across a gap (called a “syn-
apse”) toward the next neuron. The next
neuron absorbs the chemical into one
of its inputs (which consist of tree-like
structures called “dendrites”). This sub-
stance briefly opens a number of ion
channels in the receiving neuron’s cell
membrane, and the resulting flow of
charge carriers causes it to act like a
miniature battery.

The combined charges are fun-
nelled back to the body of the cell
(known as the “soma”). If enough den-
drites are activated, the neuron gradu-
ally becomes more and more elec-
frically charged. When there is enough
accumulated potential, the neuron
spontaneously generates its own series
of impuises which travel down an out-
put fiber (the “axon). Eventually this sig-
nal impinges on the inputs of
succeeding neurons and a similar se-
ries of events takes place.

A Neuron Model. Our model of a
neuron takes into account all of these

phenomena. As shown in Fig. 4, there
are a number of inputs (like dendrites)
that converge on a single “summation”
node, which is similar to a neuron’s
soma. The summation node adds all
the inputs and passes them to an inte-
grator. The integrated signal is passed
to a threshold unit that evaluates the
signal to determine whether any output
should be produced.

Our model also incorporates some
other salient features of real neurons
not yet mentioned. For instance, all the
inputs are not treated the same. Each
input is amplified by its own gain or
“weight factor,” which is represented by
the amplifier symbols shown. In this way,
inputs with a large weight factor will
influence the neuron more than inputs
with a small weight factor. This reflects
the anatomical fact that certain syn-
apses in animals are more transmissive
than others.

In addition, we also show inputs with
negative weights (the lower two inputs).
These correspond to “inhibitory con-
nections” offen observed between ac-
tual neurons. They can suppress the
action of neurons.

Another characteristic of neurons
that our mode! contains can be called
“leakage.” You can think of a neuron as
atub being filled with water. There are a
number of hoses of different sizes feed-
ing info the tub (the excitatory inputs) as
well as a number of drain spouts (the
inhibitory inputs). After the tub (neuron)
has filled up, it fires. However, once “full,”
the neuron would fire at the slightest
input so the tub has built-in leakage to
gradually drain the remaining water.

To reproduce this effect, the summa-
tion node contains a * — 1" term. This is
essentially an inhibitory input that is al-
ways on. When none of the other inputs
are active, the sum is now negative so
the integrated excitation always de-
creases toward zero. However, we nev-
er let the value of the integral go
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negative; we restrict the integrated ex-
citation to be between 0 and 1 at all
times. This reflects the fact that we can
not fill a tub above its rim or drain it
below its bottom.,

Interestingly, while real neurons also
have limits to the voltages that they can
produce, the voltage can drop below
the usual “rest voltage.” In animals, it is
possible, and sometimes computa-
tionally useful, to discharge a cell be-
low this neutral level. Such a condition
makes it harder for later inputs to trigger
the neuron.

The final twist to our neural model is
the nature of the threshold circuit. We
use a device known as a “Schmitt trig-
ger” instead of a simple comparator.
This device has two thresholds, a high
one for rising signals and a lower one
for falling signals. In our neuron model,
the output switches on when the value
of the integrated excitation reaches 1.
The neuron will continue to output a 1
until the integrated output descends to
0 again.

This is much like the thermostat in a
typical house. If you set the tempera-
ture to 70°F the furnace will not turn on
until it gets as cold as 68°F or so. Then it
will proceed to warm the house until
the temperature slightly exceeds 70°F
say up to 72°, before shutting off. Al-
though this feature is not totally accu-
rate from a neurological point of view,
it's a convenient feature to have.

SUM=1 SUM=-3
A\ \ x‘\ / A )
s / 4
e \/ y /
/S U\ \ \
04 — = v TIME
.
|
Do
11+ — m|
! [ |
0+ | ,L L { TIME
4 SEC 8 SEC 12 SEC

Fig. 6. The simple two-neuron svstem shown in A, can perform the operation of an
oscillator. Its internal integration signal and final output are shown in B.
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Fig. 7. The robot's 4-behavior activity can be emulated using 11 neurons. Can you find
the two oscillators here? (Hint: look for feedback loops).

Neuron Examples. To see how such
simulated neurons are used, consider
the symbol shown in Fig. 5. Here, we
depict the body of the neuron as a
circle with an arrow coming out of it o
represent the output. Input terminals
are shaped like the bell of a trumpet
and have their associated weight writ-
ten next to them. White terminals are
excitatory, whereas black ones are in-
hibitory. Since the structural details do
not matter, we show all the inputs im-
pinging directly on the cell body.

This neuron will only generate an out-
put if input A is active and B is not. First,
suppose neither A nor B is active. The
input sum is:

0x2-0x3-1= -1

(the last term comes from the leakage
property of the model). This negative
result causes the accumulated value
inside the neuron (if any) fo decay until
the output switches to zero. Now sup-

pose A comes on. The new sum is:
1x2 — 0x2—-1= +1

If we set the time constant of the neuron
fo be very short, the output will almost
immediately switch to one. Finally,
imagine that B comes on as well. The
computed sum for this case is:

1X2 —1x2 - 1= -1

which forces the neuron to turn off.

A more complicated example is the
oscillator shown in Fig. 6A. The central
part of this configurationvis similar to an
AND-NOT gate. Here, the neuron itself sup-
plies the inhibitory input, while another
neuron provides excitation. The asterisk
inside this auxiliary neuron indicates
that it is of a special type that is always
on. Assume that the central neuron’s in-
fernal potential starts off at zero and
that its output is off. The initial input sum
is:

1x2 - 0x4 — 1= +1

1 | NI
PULSE [ [ [
iNPUT | I [ ] .
0 t 44{ | S S S N S S S | I - -— -
| | TIME
| |
] |
| 1
| I
! CLIPPING !
1 LS :— —————————————————— P P TN STt Tt
INTEGRAL | . :
| ~ | ~
0+ i f
‘ | TIME
1 |
1 |
1 |
| | HOLD TIME
|
1 | — J|. _
I
ouTPUT ! DELAY TIME i
15 I |
1 i 1
. TIME

Fig. 8. Each detection of an infrared pulse (the top graph), causes the neuron to charge
(middle graph). When the neuron reaches the threshold value, its output goes high and
remains high till the neuron completely discharges (as shown by the bottom graph).

Thus, the integrated input starts climb-
ing slowly as shown in the upper plot of
Fig. 6B. The value written inside the neu-
ron tells how long it takes for the neuron
fo fully charge with an input sum of 1. As
can be seen, it takes 3 seconds for the
integrated value to reach one.

Once the integral has reached the
prescribed threshold level, the output
of the neuron comes on. That is shown
in the lower plot of Fig. 6B. However, this
changes the overall sum sent to the
integrator. it is now:

12 —1x4-1= -3

50 the neuron’s internal charge starts to
decay. Yet, because of our special
threshold stage, the neuron’s output
value remains at one until the inte-
grator output again reaches 0. This
happens one second after the output
comes on. Once the output turns off,
the whole cycle repeats.

As can be seen, the resulting output is
a puise train with a period of 4 seconds.
The frequency of a cycle, as well as the
width of the on and off portions, can be
changed by adjusting the input weights
because higher sums (whether positive
or negative), alter the output in less
fime.

The Neural Network. The total col-
lection of behaviors required for
Muramator can be emulated by a net-
work of 11 neurons as shown in Fig. 7. For
motor control, the robots brain has one
neuron that drives the robot forward
and another that causes it fo turn. That
makes the explore behavior easy to im-
plement: a continuously active neuron
provides input to the “forward” neuron.
The activity of the avoid behavior is also
simple: it just activates the “turn” neuron
when the robot “sees” something. That
is particularly easy since the appropri-
ate obstacle-detection signal is directly
available at the output of the neuron
labeled “15 ms” (fo be described later).

Notice that neither explore nor avoid
is directly connected to the motor neu-
rons. Instead, each sends its command
via a single intermediate neuron. When
designing large networks it is good
practice toinsert an “interneuron,” such
as this, o serve as an interface point
where higher level signals can be in-
jected. In this case, avoid indirectly sup-
presses the default forward drive by
inhibiting the interneuron that would
carry out the explore behavior. That
blocks the forward behavior and allows
the more important avoid module to
substitute its own instructions. Tech-
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nically, the avoid circuit should really
have two intermeurons: one o gener-
ate the turn command and one to sup-
press the forward command. This
arrangement would let us cascade
suppressor nodes so that the most im-
portant behavior could suppress all the
others with a single connection.

The third behavior, seek, is composed
of two additional neurons. Neglecting
the weight-100 input, we can see that
the remaining structure is identical to
the basic oscillator presented earlier.
The output of this unit feeds directly into
the avoid interneuron and thus causes
the robot to turn. There is no interneuron
involved in this pathway because there
are no higher level behaviors that
might need to suppress seek. An impor-
tant feature of this module is that the
weights of both the excitatory and in-
hibitory connections (KF and KT} of the
oscillator can be varied. Adjusting the
KT weight makes the output of the os-
cillator remain high longer and thus

causes the robot to tumn through a
greater angle. Adjusting KF controls the
interval between tumns and thus deter-
mines the distance that the robot
travels before spinning around fo look
for the wail again.

However, the creature is basicaily
biind during one of these programmed
turns, and may rotate all the way past
the wall when seeking it! This is the rea-
son for the inhibitory connection with a
weight of 100. As soon as the robot
senses an object nearby, the oscillator is
turned off. This not only causes the robot
fo stop turning, it also synchronizes the
unit so that it correctly measures the
fime since the last obstacle sighting.

The remaining four neurons form the
proximity-detection subsystem. The
neuron in the lower-left corner of the
diagram is directly connected to the
infrared emitter and generates the out-
going signatl. That neuron functions as a
simple osciliator and produces a sym-
metric square wave. It is necessary to

+9V +9V
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modulate the infrared beam so the de-
tector can differentiate it from ambient
infrared sources such as sunlight.

Once the beam bounces off some
target, the two neurons in the upper-ieft
corner of the diagram are responsible
for processing the returned signal. The
first neuron in the chain represents the
detector. It is "on” when infrared radia-
fion is detected. Since it receives a se-
ries of pulses when the robot is near an
object, the output of this neuron resem-
bles the top plot of Fig. 8.

The next neuron smooths out this
waveform. When the detector neuron is
on, the input fo the second neuron is:

1x8~1=+7

so the internal potential of this neuron
increases. Between pulses the input
sum is simply — 1 and thus the potential
slowly decays. The charging of the neu-
ron is shown in the middle plot in Fig. 8.
Ascan be seen, it takes several pulses to
charge the neuron up to a high
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enough level o generate an output,
which is shown in the bottom plot.

This is useful for rejecting noise pulses.
Similarly, the slow decay constant al-
lows the system to “fly-wheel” thrcugh
signal dropouts: the output of the neu-
ron will remain on for several cycles
after the stimulus vanishes. This same
phenomenon can aiso be used to ar-
fificially increase the size of the avoid-
ance turns the creature makes.

Circuitry. The final step is to compile
all of this into circuitry. The actual sche-
matic for the creature is shown in Fig. 9.
In terms of actual circuitry, the 11 neu-
rons in our model are implementedin a
number of different ways. Some are
modelled with voltage comparators,
some with diode logic, and some with
electro-mechanical devices. Keep this
in mind as we describe the electronics
for each of the creature’s compcnent
behaviors.

Let us start with the explore behavior
module. The explore reflex is incorpo-
rated directly into the relay circuitry
(right side of diagram). Normally the
robot's motor is connected so it runs
forward. However, whenever the relay is
energized by Q2, the voltage applied
o the motor is reversed and the crea-
ture turns instead. An extra diode, D1,
can be inserted to siow the creature
down, if necessary. The diodes around
the motor (D2-D4, and D11) and across
the relay’s coil (D5) serve no behavioral
function, they just clamp inductive
spikes to the power-supply rails.

Thus, the explore neuron, the first sup-
pressor, and the turn and forward neu-
rons are all emulated in this piece of
circuitry. The fransistor for the relay can
be considered the equivalent of the
second suppressor node in the neural
diagram, and diodes Dé and D7 act as
the two excitatory connections to this
interneuron.

The circuitry for the LED oscillator (see
the lower-left comer of Fig. 9} corre-
sponds directly to the neural modei.
Here, the feedback from a com-
parator’s output to its positive input pro-
vides the “hysteresis” needed by our
dual-threshold neural model, while the
resistor and capacitor on the negative
input form the required integrator. The
10k resistor to + 12 voits mimics the ac-
fion of the necessary always-ori neu-
ron. This arrangement generates a
squarewave that is amplified by an-
other MPS2907 transistor to drive the IR
LED. That unit radiates infrared energy
(much like a TV remote control) into the
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Fig. 10. This foil pattern is for the
component side of the Muramator circuit
board. The labels for the potentiometers
and switches will help you use those
controls.
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environment, which then bounces off
nearby objects.

The next behavior, avoid, switches the
relay on using the signal from the in-
frared proximity detector. The circuitry
for the detector is shown in the upper-
left side of the diagram. The reflected IR
signal biases a TIL414 phototransistor,
which applies a small voltage across a
1-megohm resistor, R3. That signal is AC-
coupled via a 470-pF capacitor into a
simple threshold-detector formed by
one section of the LM339 quad com-
parator. This is the “detector” neuron
from the neural-network diagram. The
capacitors on the voltage divider con-
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Fig. 1. This foil pattern for the solder
side of the robot must be properly
registered with the component-side
pattern. Remember to connect all vias
when the board is finished.

nected to the positive input of the com:-
parator help stabilize the reference
voltage against fransients caused by
switching the IR LED on and off, and
operating the motor.

An inverted version of the obstacle-
detection signal then enters a low-pass
filter formed by R13 and C2. Since the
LM33% has open-collector outputs, the
decay rate of the voltage across C2 is
govermned solely by R1. It fakes several
pulses to discharge C2 sufficiently
enough fo generate an output. This is
useful for rejecting noise pulses. Asyou'll
see, the slow decay constant allows the
obstacle-detection signal fo remain on
for a period of time after the stimulus
vanishes. By substituting a larger value
for C2, you can increase the size of the
avoidance turns the “creature” makes.

The RC-filtered voltage enters U1-b,
which also acts as a simple com-
parator. The threshold level for this unit is
obtained from the same voltage divid-
er used for the first stage. This com-
parator combined with the previously
described low-pass filter corresponds
to the second detection neuron. The
fotal result of all this processing is a
clean digital signal indicating when an
obstacie is present. It is connected to a
red LED that indicates when the robot is
“seeing” something.

The last of the creature’s behaviors,
seek, is built from an oscillator similar to
the one used to generate the IR beam.
The oscillator has an active-low output:
when pin 1 of U1-c is at zero volts, the
robot should turn. Note that the os-
cillator’s output is connected back to
the integrating capacitor (C1} through
two diodes. These diodes steer current
through the potentiometers so that the
top potentiometer controls the capaci-
tor's charging time and the lower po-
tentiometer controls the discharge
rate.

Notice aiso that in the seek circuitry
there is a diode (D9) descending from
the obstacle-detection indicator, LED2.
Since D9 has negligible resistance, it
can “instantly” discharge capacitor C2
when the creature detects an obstacle.

This connection models the weight-100 -

inputin our neural design and is used to
properly synchronize the oscillator as
mentioned earlier.

The design also must have an arbiter
that can combine the commands from
each of the basic behaviors. To this end,
both the seek oscillator and the avoid
circuitry are connected to the relay’s
driver transistor through diodes D6 and
D7. This arrangement is used to model
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the top “suppressor” neuron back in Fig.
7, as we mentioned earlier. Because
both the obstacle detector and central
oscillator have active-low outputs,
these diodes form a logical or gate. If
the creature either sees something
(LEDZ2 turns on) or the turn timer kicks in
(LED3 tumns on), the relay will be acti-
vated and the creature will turn in
place. The switch labelled “level” was
installed 1o selectively disable the seek
oscillator. That lets you investigate how
the creature acts without this behavior.
Of course the robot won't do anything
at all unless its built, so lets get to that
NOW.

Circuit Construction. Because of the
complexity of the wiring, it is recom-
mended that you use a printed-circuit
board to wire the components to-
gether. For those of you that wish to
make your own boards, the foil pattern
for the component side of the board is
shown in Fig. 10, and the foil-pattern for
the other side is shown in Fig. 11. Since
the board is double-sided, if you chose
1o make your own, you must solder tiny
pieces of bus wire into the via holes and
solder component leads to the pads
on both sides of the board where ap-
plicable. Keep that in mind when sol-
dering all components,

If you do not want 1o etch the circuit
yourself, a drilled and etched plated-

through printed-circuit board with in- -

structions is available from the kit sup-
plier mentioned in the Parts List.

With the board all ready to go. start
by installing the 14-pin DIP socket at the
location for U1 as shown in the parts-
placement diagram of Fig. 12. Be sure
to mount it and all the other compo-
nents on the top side of the board (the
side with the writing on it). Note that one
end of the socket has a small notch. It
should go toward the square pad on
the printed-circuit board. Now flip the
board over and solder its pins to the
pads.

Now, guided by the parts-placement
diagram, instali the fixed resistors. Take
each of the frimmer potentiometers
and flatten the crinkles in its leads (if
any) by squeezing the lead with nee-
dle-nose pliers. Now bend the two side
leads of each potentiometer sharply
downward away from the plastic ad-
justment dial. Next, gently bend the
center lead of the potentiometerin the
same direction. The bend should be
made about halfway out from the
body. Insert the potentiometers in the
positions shown and solder them from

A9 — |4 LED1 ” ‘ #r—— RS ——
o R15 c2 @3 @ 5 &——p——=:
B | s bowm—a
e R13 — E f
B4 o

U1 ‘

R7 ,
_--—Ra———ga;\\ v ”%%»— R12—&%
o R14 —= LED3 = c3— LEDZ el e A1 ——i
R18 —%® w— py——42 R —%
“——R2 o e D e m0—

TS

81

WHITE
LEAD

Fig. 12. Stuffing the board should be easy with this parts-placement diagram. Note that

the pads for LEDI and Q3 are tilted at 30°.

the top of the board. Then turn the
board over and apply more solder
from the back side to completely fill the
holes.

Next install, solder, and trim the ten
1N914 diodes and D1 in the places
shown. Of course itis important to orient
the diodes as illusirated.

The 0.01-uF and 470-pF capacitors
can be installed with any orientation.,
However, C1, C2, and Cé are polarized
5o be sure to insert the positive lead of
each capacitor into the square pad for
the component. Once all the capaci-
tors are installed, bend, solder, and trim
their leads.

The orientation of the transistors is im-
portant. Insert them positioned as
shown in the parts-placement di-

agram. Sometimes the transistors come
in a metal case rather than plastic. For
this type. insert the device so that the
lead closest to the tab on the case
goes into the square pad.

Next install and solder the DPDT relay.
The two plain LED's go near the corners
of the 14-pin socket and should be in-
stalled next with the proper orientation.

Now, install the switches on the top
side of the board. Do not push them
completely down to the board, instead
leave a tiny air gap under each switch
to prevent the case from shorting out
any of the copper traces nearby.

Cut a ¥%-inch by ¥-inch wide piece
of black electrical tape and wrap it
around the body of the TIL414 pho-
totransistor. It should be used to cover



only the sides of the component leav-
ing the rounded end exposed. Install
and bend the leads of the IR devices so
that the body of each one lies dlong
the surface of the board. Note thai the
orientation of the holes will place them
at a 30° angle with the centerline of the
board.

Next insert the LM339 integrated cir-
cuit into the socket with pin 1 criented
near the square solder pad used fcr the
socket.

Take a 9-volt battery snap-on con-
nector and cut its wires down to 4
inches. Strip and tin the ends and solder
the wires into the lower-left corner of
the board. The red wire should gc into
the hole marked "9R” and the black
wire should go in the hole marked "9B.”

If the C-cell holder you get has no
leads of its own, you will have to add
them. You can use a 3-inch section of
the toy’s wire-control cable for that. Strip
and tin both ends of the two wires you
use and attach them to the terminals
on the holder.

If your bgttery holder has leads, then

trim them to 3 inches, and strip and tin
the ends. Whether initially present or
not, aitach the lead from the positive
terminal to the pad marked “3R,” and
connect the negative lead to the pad
labelled “3B.”

Checking the Circuit Board. Now
that all the components have been in-
stalled, double check to ensure that ev-
erything is in the right place and
oriented in the correct direction. Look
for the dark bands on the diodes, the
flattened rims of the LED', the markings
on the capacitors, the notched end of
the chip, and the flat sides of the tran-
sistors.

Now turn the board over and check
all the solder joints. Except for 2 holes in
the lower-left corner of the board, all
holes should have something soldered
into them. Check to make sure that all
the leads are securely soldered in
place. Also make sure you have used
enough solder on each joint—you
should not be able to see the edge of
the hole underneath.
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This robot was designed and built by the author using the principles discussed in this
article. Named Herbert and seen on PBS’s *‘Discover” program, its function is to collect

empty beverage cans.

Also check the bottom of the board
for solder bridges. There is only one
place on the board where adjacent
pads should be connected: beneath
two terminals of the power switch. If any
other two pins have a blob of solder
between them, remove it by heating
the bridge then tapping the board
against the table. If you find any other
suspicious-looking connections, heat
them up to see if they are actually mis-
takes.

Electrical Tests. Now it is time fo test
the basic operation of the board so
install the batteries. Start with the power
switch down (away from the potenti-
ometers), and the level switch up. In a
dark room, you should see a dim or-
ange glow inside the IR emitter. If you
dont, check the orientation of the IR
LED and the transistor at the top of the
board

Now put your hand in front of the IR
components. The obstacle LED should
come on and go off again when you
move your hand away. If it doesn‘t,
check to be sure the LM339 is inserted
properly and that C2 is connected with
the correct polarity. If the LED lights at
the wrong time, check its orientation.
You should also hear the relay click
every time the LED changes state. If not,
check the orientation of Q2 and DS;
those are located in the lower-right cor-
ner of the board.

Next, adjust both potentiometers so
that they are in the middle of their
ranges (arrows point toward the left
and right edges of the board) and then
move the Level switch down. The timer
LED should now blink periodically and
the relay should click. If the light doesn't
blink, check that the LM339 chip is inser-
ted properly. If there are no clicks,
check the orientation of the diodes
near the center of the board. Next, test
whether rotating the turn potentiome-
fer adjusts how long the light stays on.
Also tast to find out whether adjusting
the forward knob controls how long it is
between blinks. If these controls seem
reversed, check the orientation of the
timer LED.

Finally, test the synchronization. When
the timer LED is on, move your hand into
the detector’ field of view. The timer
indicator should immediately go out
and stay off until you move your hand
away and the obstacle indication dis-
appears. If not, check the orientation of
the diodes near the center of the
board and look for possible cracks in
them.
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here is built on rhe Radio Shack Skateboard chassis.

Final Assembly and Calibration. The
circuitry as well as the appropriate bat-
teries now need to be mounted on the
robot's body. Start by removing the
human figure from the top of the
skateboard. It is held on by two screws
through its feet. To getto the screws, turn
the vehicle over then remove the 3
screws that hold the rear wheel assem-
bly onfo the board. After removing the
figure, reassembile the vehicle being
careful to keep the white plastic gears
firmly seated in their slots.

Next cut the wire-control cable at
about 6-inches from where it exits the
back of the board. Strip and tin the
ends and solder them into the circuit
board. The one with the white streak
should go to the hole near the center of
the board while the other wire should
go to the hole in the corner. Now use
double-sided foam tape to mount the
U-shaped metal battery clip to the rear
of the board.

Affix the C-cell holder to the
skateboard directly in front of the 9V
battery clip using double-sided foam
tape. As the last step, use an elastic
band to secure the circuit board to the
vehicle. The rubberband is only a tem-
porary restraint; once you are sure that
everything works properly, you can use
a piece of double-sided foam tape in-
stead.

Once the electronics are mounted
on the robot, itis necessary to calibrate
the “creature.” Carefully align the two IR
components so that they point exactly
parallel to each other and about 30°
off the centerline of the robot body.
Then turn the robot on and place it on
the floor. Check to see that the robot
runs forward when it is in an open
space. If the obstacle-detection in-

dicator is always on when you put the
robot on the floor, tilt the IR components
slightly upwards until the light goes off.
Next, hold the robot and move it to with-
in 8-inches of an obstacle. Verify that
the obstacle LED lights up and that the
robot’s motor runs in reverse.

Experiments. If you now let the
“beast” loose. It should try to avoid
things in its path. Muramator works best
on wood or smooth tiled floors—it has a
hard time plowing through carpeting. If
the “creature” seems to lurch a lot or
has trouble turning, shift the batteries
around to change its balance.

You might fry designing an experi-
mental obstacle course for the vehicle
to see what it can and cannot do. For
instance, with the seek switch off if the

robot encounters an obstacle that juts -

out, such as a convex corner, it will
swerve away from it, but never come
back toward it. That happens because
the robot has no memory of which di-
rection it was travelling so it cannot get
back on track. You might also wantto try
changing the direction of the IR com-
ponents, or purposely mis-align them,
to see how these parameters alter the
creature’s behavior.

Switch in the second layer of control
by sliding the Level switch on. Start with
both potentiometers midway through
their ranges. If you keep Muramatorina
large open areq, the timer LED should
flash at regular intervals. When this light
is on, the robot should perform some
sort of spin. Once the circuitry appears
fo be working properly, adjust the For-
ward potentiometer until the robot
goes about 8 inches beilween turns.
Then adjust the Turn potentiometer so
thatthe robot makes about % of a revo-

lution (270°) every time it turns.
Muramator will now not only avoid ob-
jects, but turn around if it hasn't seen
anything in a while. Together, these re-
flexes cause it to follow along walls and
fo circle any post-like object it sees.

Changing the values of the two po-
fentiometers can produce noticeably
different results. Note that if the turn
timer is set for too long an interval, the
robot will only regain the wall after a
number of turns. If the obstacle had
been a post rather than a corner, the
robot might not have found it again at
all. On the other hand, consider the
scenario in which the travel distance is
settoo long: the robot may wander way
off into the middle of the room when it
encounters a corner. The first travel leg
affer an avoid turn is oftfen fonger than
the succeeding ones. Thus, even
though the robot heads back in the
right direction, it will be too far away to
see the wall again. Yet this can be a
useful feature in a world with more than
one robot because corners then be-
come a natural meeting place for the
“creatures.”

Another interesting fest involves two
identical vehicles. If you set the travel
distances very short with the turn angle
at 180°, and send the two robots head-
to-head, they will veer off from each
other and then turn around for another
pass. Robot jousting! It helps if you cover ~
both opponents with commercially
available Scotchlite retro-reflective
tape. This increases the sighting dis-
tance for other robots to about 18
inches. To achieve the maximum
range, make sure each robot’s infrared
beam is pointing level with respect to
the floor. This is just one example of how
robots can interact with each other.
With a larger number of individuals,
there maybe other interesting pos-
sibilities as well.

We have now progressed from a
vague concept to an actual working
robot. This transformation was made by
applying the methodology of breaking
an activity into component behaviors.
We codified these behaviors as simple
situation-action rules and finally cast
the rules into circuitry based on a sim-
ple neural model. These same steps
can be applied to other creatures with

_other behaviors. You might try design-

ing some yourself, at least on paper.
Incrementaily extending this line of re-
search to larger, more complex crea-
tures is a promising path for developing
a deeper understanding of how the
numan mind itself works. |
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COMPRESSOR-MATE

Although the compressors found in refrigerators, freezers, and
air conditioners are heavy-duty devices, their life can be shortened by
frequent power outages—unless you have a Compressor-Mate.

ment, which has an underground

power-distribution system, can
have as many power failures as it does
(atleast two a month). Mystery ornot, it's
an unpleasant reality that | and my
electronic hardware must endure. |
shudder to think of what peogle who
live in really windy areas with pole-
mounted distribution networks must put
up with.

While everyone is aware of what a
nuisance power outages are—what
with having fo re-program the VCR, all
the clocks in the house, and a stubborn
microwave that refuses t0 work unless
informed of the time—many people
don’t know that frequent outages can
really cost them. If your local power is as
unreliable as mine, the compressors in

I s a great mystery how my develop-

your home appliances are probably
taking a silent beating.

If @ compressor is running at the time
of a brown-out or intermittent power
failure, it inevitably stalls and the over-
load-protection circuit cycles on and
off a few times. As any refrigeration spe-
cialist will tell you, starting a compressor
over and over under the load of com-
pressed gas puts a lot of wear and tear
on the equipment.

Since compressors form the heart of
any appliance they're in, they don't
come cheap. Depending on the age
and cost of a machine, an owner is
sometimes better off buying a new ap-
pliance instead of replacing a com-
pressor.

To protect your present (and future)
investments, you can build a solid-state

timer—the Compressor-Mate—that will
keep the compressors that you own
from destructively cycling on and off.
The project consists of a solid-state, volt-
age-monitoring circuit with a five-min-
ute delay timer controliing an elec-
fromechanical, 30-amp power relay.
The relay, in turn, controls power to the
appliance being protected.

When power fails and comes back
on, the Compressor-Mate waits about
five minutes before it restores power to
the appliance. That gives the unit time
to cool down and permits system pres-
sures to equalize for unloaded restart-
ing.

Beyond that, the project can be
adapted to control AC or DC loads in
the 24- to 240-volt range, so it can be
used in a variety of other applications. It
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requires a minimum of inexpensive,
readily available parts. An avid hob-
byist could build one in a single eve-
ning, and even a beginner should have
no trouble putting one together.

The How’s and Why’s. The Com-
pressor-Mate's schematic diogram is
shown in Fig. 1. Although it can control a
DC device, for the sake of discussion
let’s first talk about how it operates
when it contfr. s an AC device.

The circuit can be broken down into
fwo main sections. an AC portion, con-
sisting of PL1, K1, and SO1; and a DC
portion, made of the rest of the compo-
nents. Oddly.enough, the coil of K1
(which is in an AC leg of the circuit) is in
series with the DC circuit via the bridge
formed by D1-D4. That's important be-
cause whatever current flows through
K1 must flow through the DC circuit.

When power is first applied to the
circuit, perhaps after a power failure,
the DC circuit draws very little current
(for reasons that will become obvious
later). In fact, the current is so small that
K1is not activated. So when power is first
supplied, K1 is inactive and SO1 re-
ceives no power. However, after about
five minutes, the DC circuit draws lots of
current, enough to engage the relay.
So let's look at that portion of the circuit.

The bridge provides pulsating DC to
a filter made up of capacitor C1 and
resistor R1. The filter smooths out the
pulsating DC and absorbs AC-line volt-
age transients to protect the other DC
components. Zener diode D5, resistors
R2 and R3, and capacitor C3 form a
filtered-DC power supply. Resistor R2
limits current flow through D5 to a safe
level. That allows the diode to provide 9
volts to another fitter comprised of C3
and R3.

The power supply supports a timing
circuit, At the heart of the timer is U1, a
programmable 16-stage binary coun-
ter with an integral osciliator circuit. Its
extremely low power requirements en-
sure that little current will flow through
the circuit, preventing the relay from
engaging.

The counter is a multi-faceted device
that can be programmed to act in a
variety of ways. For example, its internal
oscillator can be replaced by sending
the pulses of an external oscillator to
pin 3. Whether you use the internal or
an external osciliator, the pulses are
sent to an internal programmable
counter/divider. Depending on the log-
ic levels presented to pins 12 and 13,
the counter divides the pulses by 256,
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Fig. [. The Compressor-Mate is unusual because it contains AC and DC elements in
series. Another unusual feature is the DC portion of the circuit. which shorts itself our.

1024, 8192, or 65,536, Because pins 12
and 13 are tied low, the counter divides
by 8192,

The internal oscillator was used. It re-
quires R7,R8, and C4 to set the frequen-
cy. The values specified for those
components set the frequency to
around 26 Hz. That might seem pretty
slow, but the 4541 can operate with an
oscillator frequency of from close to DC
10 100 kHz. The oscillator (running at 26
Hz) combined with the counter (divid-
ing by 8192) set the timing interval at
about 315 seconds, or 5 minutes and 15
seconds.

The timer has an array of other fea-
tures that the circuit takes advantage
of. For example, tying pin 5 to ground,
as shown in the schematic, causes the
timer fo start timing on receipt of power.
If that pin were tied high, the chip would
wait for a low-to-high transition on pin 6
before operating.

If alow is placed on pin 9, as is shown
in Fig. 1, the output of U1 at pin 8 goes
low for the duration of a timing interval.
However, if pin @ of U1 was held high, the
output wouid be high during a timing
interval. Pin 10, which is connected to
ground in the circuit, allows you fo se-
lect between one-shot (if set fo logic
low) and astable (with a logic high)
modes.

To summarize, the timer is set up as a

one-shot, power-activated, logic-low
output timer with a period of 5 minutes
15 seconds. So, when power is first ap-
plied to the circuit, the timer begins a
fiming interval and holds the output of
U1 at pin 8 low for about five minutes.
The low power drain of the timer pre
vents K1 from Iatching.

When the interval is over, pin 8 goes
high and provides sufficient base bias
to @1 via Ré to cause it to conduct. The
transistor then provides sufficient cur-
rent to the gate of SCR1 through R5 to
cause it to conduct. Capacitor C2 and
resistor R4 prevent false triggering of
SCR1. (Note that the diode bridge en-
sures that the SCR is always forward bi-
ased)

The voltage drop across the SCR is so
small it effectively shorts the DC portion
of the circuit and draws more than
enough current fo cause K1 to latch.
The relay, in turn, provides power to SO1,
turning on anything connected fo it.
Since the SCR is always forward biased,
the relay remains on. If power is re-
moved and reapplied, another timing
interval begins, permitting the device
connected to SO1 five minutes o settie
down before receiving power.

As was mentioned, the device s suit-
able for DC applications. You will need
to select K1, PL1, and SO1 to suit your

(Continued on page 87)
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The Undersea
World of Gizmo

MPK-TR Handycam Marine Pack. From:
Sony Corporation of America, 9 West
57th Street, New York, NY 10019. Price:
Marine Pack: $1200, Carrying Case:
$300; Light: $550; wide-angle lens:
$29.

Television shows that capture the inter-
est and imagination of entire families are
few and far between. But each time an
“Undersea World of Jacques Cousteau”’
special came on. there were no arguments
in our house over what to watch. We were
all glad to vicariously travel to whatever
exotic locale the Calvpso was headed. For
an hour, we'd be transported to a world
that—despite the fact that it covers three-
quarters of the Earth’s surface—was other-
wise hidden from our view. Thanks tc the
careful planning, meticulous research,
daring dives, and the remarkable under-
water photography of the Cousteau family
and the crew of the Calvpso. we could
cavort with shy but friendly octopi, dis-
cover sunken treasure on the wrecks of
ancient galleons, and be (safely) terrorized
by great white sharks.

On the few occasions that we vacationed
in the Caribbean, we’d try to get a taste of
underwater adventure on snorkeling expe-
ditions that were often the high point of the
trips. Yet when we got home and watched
our vacation videos, those highlights were
always omitted.

That wasn’t the case with our last trip.
This time, we brought along Sony’s MPK-
TR Handvcam Marine Pack, a special wa-
terproof housing that allows the use of the
ultra-compact CCD-TR4, CCD-TRS, or
CCD-TR7 Handycam camcorder at up to
130 feet below the water’s surface. We
used the Marine Pack with the CCD-TR4,
one of the smallest and lightest camcor-
ders on the market. (For more information
on the CCD-TR4, see *“Product Tes- Re-
ports™ elsewhere in this issue.)

The Marine Pack, however, is no light-

CIRCLE 50 ON FREE IHFORMATION CA

weight. The bright-yellow plastic housing
measures 11% X 11% x 10% inches and
weighs in at 12 pounds, 2 ounces, without
the optional underwater video light {§
pounds, 8 ounces). That might not sound
like much—and, in fact, it’s less than half
the weight of Sony’s previous model—bmut
if you have to schlep it around airports,
rental car agencies, "otel lobbies, and
charter boats, it can cause some aching
arms. Luckily, a carrying case is available
that provides protection against damage
during traveling, and has wheels for casy
transport. The case itself (LCH-M20) is
the size of a large suitcase, weighs almost
18 pounds. and is the same bright yellow as
the Marine Pack—it attracts quite a bit of
attention in airports. (One porter kept re-
ferring to it as the “yellow submarine.”)
On the plus side, it’s easy to spot in the
baggage-claim area!

We've become accustomed to traveling
with a cempact camcorder and a few ac-
cessories; taking along the Marine Pack
required some adjustments to our usual
routine. Similarly. actually taking under
water video tootage requires some ad-
vanced preparations, so that when you get
in the water you can just point and shoot.
Because both water and salt air can
damage video cameras. some precautions
are necessary to keep the camcorder safe
and dry before, during, and after its inser-
tion in the Marine Pack.

The Marine Pack consists of two sec-
tions, the front body and the rear body,
joined together around the middle by two
O-rings and three buckles. The O-rings
ensure the waterproof function of the pack,
30 it’s vital that they are free of scratches,
cracks, dust, sand, or hair and are not

(Continued on page 8)
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Watch Your
Back!

SUNWATCH. From: Saitek Industries
Ltd., 2291 West 205th Street, Suite 101,
Jorrance, CA 90501. Price: $59.95.

We grew up on Long Island, back in the
1960°'s when summer evenings meant
backyard barbecues of burgers (with no
fear of cholesterol or carcinogens from
charcoal) and hot dogs (with rot a care as
to what they put in them) and summer days
meant beaches, baseball, swimnring,
boating—out in the sun from morning till
dusk. By the Fourth of July, even the most
fair-skinned kids were tanned, and every-
one thought that was a sign of a healthy,
active life. As teenagers, a deep tan be-
came a goal in itself, and we'd use what-
ever means were at hand (reflectors, for
instance) to accelerate the process. We
might have laughed at Zonker, the
Doonesbury character who raised sun-
bathing to an art form—but we understood
his motivation!

Things sure have changed since the
60's! Now, when we barbecue it's more
likely to be chicken and vegetables than
beef—forget the hot dogs! And even
though, deep down. we still believe that a
good tan makes a person look healthier,
sexier, and even thinner, one look at the
headlines is enough send us running for
shade. New EPA estimates suggest that an
additional 200.000 Americans could die
from skin cancer over the next half century

O
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due to the additional ultraviolet rays ad-
mitted by the ozone layer—which, accord-
ing to the latest reports. is thinning twice
as quickly as previously believed. Besides
the increased cancer risk. too much sun
causes advanced aging of the skin—which
definitely doesn’t look healthy or sexy.
And we’ve had more than one vacation
ruined by a bad sunburn, despite the liber-
al use of sumscreens.

Kids who are growing up in the 1990
are no less likely to be on the ball field or at
the beach (except, of course, those who
are hooked on Nintendo), so they really do
need some sun protection. And many
adults already got more than their share of
ultraviolet rays during their formative
years. Staying out of the sun often is not
teasible—cestainly not for children. and
not for health-conscious folks who make
every effort {0 keep their hearts healthy by
hitting the (outdoor) jogging track, tennis
court, or swimming pool.

So how can you protect yourself and
-your family from harmful ultraviolet rays,
short of cloistering yourselves indoors?
**‘Common sense,”” comes to mind.
“We’'ll cover up as soon as we feel as if
we're burning.” Unfortunately, it’s diffi-
cult to “*feei” when you've had enough
sun, especially on a cloudy or breezy day,
or if you tend to get so involved in an
activity that you forget to “listen to”’ your
skin. And kids are notoriously short on
that sort of common sense! ) :

A less arbutrary judge of how much sun
is enough is offered by Sairek. The Sun-
watch watch boasts a special sun sensor

(Continued on page 7) |



Karaoke Plus

LASERKARAOKE CLD-V710. From: Pi-
oneer Laser Entertainment, Inc., 2265
East 220th Street, Long Beach, CA
90810. Price: $950.

This year, karaoke is expectzd to be the
hot new consumer-electronics item in the
United States. Karaoke players run the
gamut from handheld cassette-tape players
to laser-disc players with buiit-in ampli-
fiers and speakers. What they have in com-
mon is the ability to remove the lead vocals
from prerecorded songs so that the con-
sumer can grab a microphone and take the
spotlight. A popular pastime in Japan for
more than a decade. karaoke is quickly
catching on in the States. We admit, we
like it—a lot—and so does everyone 10
whom we’ve introduced it. There’s no de-
nying that some basic hunwan urge is
fulfilled by singing—and it’s particularly
satisfying when your voice is enhanced by
professional back-up musicians and a Lost
of features like echo and key control. Ka-
raoke is a terrific ice-breaker at partes,
somehow bringing out the ham in even the
shyest guests.

Unfortunately, there’s only so much
lime that a person, or family, can spend
belting out tunes in front of their entertain-
ment centers. Value-conscious consumers
are likely to take that into consideration
when purchasing trendy new .items—and
will probably give some thought to other
former “must-have” items, such as the
exercise bike and pasta maker that are now
gathering mold in the basement.

We have another reason for thinking
wice before purchasing trendy new items:
Until someone starts making modular en-
‘ertainment centers to accommodate our
ever expanding array of audio’video com-
ponents. each new addition requires a ma-
jor overhaul of the entire setup (except the
television, which fits only in one spot),
and quite often an old component gets
bumped in favor of a new item. According-
ly. we greatly appreciate components with

more than one function (such as combi-
players) and, despite our desire to possess
the latest and greatest in consumer elec-
tronics, are loathe to give precicus space to
any “latest craze™ items, whose shelf-life
might be only as long as our attention
spans.

Smart shoppers can put those fears to
rest when looking at Pioneer Laser Elec-
tronics LaserKaraoke CLD-V710. Be-
sides special LaserKaraoke discs, the unit
plays 3- or 5-inch compact discs, 8- or 12.
inch laserdiscs. 5-inch CDV’s (CD with
video), and 8- or 12-inch CD-Video laser-
discs. The karaoke function is an attractive
bonus for those who are already consider-
ing the purchase of a standard combi-play-
er. And those who are looking for a
karaoke machine can still get plenty of use
out of the CLD-V710 even when they don’t
feel like singing. At about 162 X 152X 5
inches, it takes up only slightly more ver-
tical space than a standard combiplayer.

The CLD-V710 offers a full array of
karaoke functions designed to make the
player easier to use and the vocalist’s voice
easier to listen to. A row of buttons num-
bered 1-20 stretching across the front pan-
el (and corresponding buttons on the
remote control) let you select a track in-
stantly. Separate microphone systems al-
low you to independently adjust the levels
for two optional microphones. In the vo-
cal-assist mode, you can listen to the ac-
companiment and the ariginal lead vocals
through a set of headphones (not in-
cluded). That’s particularly handy for
those songs whose chorus you know, but
whose melody line escapes you---and,
much to our surprise, we found that to be
the case with quite a few familiar tunes that
we thought we knew. While you’'re learn-
ing the song, the “once more* button is
another helpful device It backtracks the
disc in § second increments so that you can
repeatedly practice a difficult passage (se-
rious instrumentalists s1ould find that par-
ticularly attractive). If you’re still having
trouble. the “key-control™ buttons (which
are conveniently placed on the micro-
phone as well as on the unit’s front panel—
as are the “once more’’ buttons) allow you
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to change the pitch of the instrumental
portion within an eight-step range, to
match your voice. When you’ve perfected
your sound, the **vocal-partner” mode re-
places the original vocals with your voice,
and the real karaoke fun begins.

Pioneer’s LaserKaraoke song library
contains about 500 titles from four de-
cades of hit songs, including rock. coun-
try, rhythm and blues. pop. standards,
Christmas songs, and nursery rhymes.
Each four-song disc has a suggested retail
price of $20 and features instrumental mu-
sic, back-up vocals, music-video-style
full-motion video, and on-screen lyrics.
None of the songs are performed by the
original artists, but they are professionally
done (and at a party, most people won't
care anyway). Although the video portions
of the karaoke discs tend to have some
relevance to the lyrics and spirit of the
song, they’ll seem amateurish to anyone
who was raised on MTV—and some are
downright funny. For instance, Steppen-
wolf’s “‘Born to be Wild”—the *““theme
song” from Easy Rider—replaces the
1960’s hippie/druggie bikers Dennis Hop-
per and Peter Fonda with a 1990’s yuppie
photojournalist who travels with his cam-
corder from continent to continent on his
motorcycle. Oh well, the disc producers
know that the video is just background for
the real star—the karaoke singer.

Actually, for first-time performers. hav-
ing video accompaniment takes off some
of the pressure—at least you’re not alone
“on stage.” The voice-enhancement fea-
tures are also reassuring; they make it pos-
sible for just about anyone to sound good
as they sing along. (Even if the embar-
rassed singer stops, the ‘‘real” singers
pick up the slack.) The digital-stereo key-
control allows you to shift the key of the
music by a maximum of four halftones,
without changing the tempo of the song
(which, unfortunately, is how key-chang-
ing is accomplished on most inexpensive
karaoke machines). The vocal-assist func-
tion produces multiplexed vocals that you
can hear via your headphones to help keep
you on key while being inaudible to your
audience (the orchestral sounds are routed
through the speakers). All of Pioneer’s
LaserKaraoke discs have multiplexed
sound; a multiplex balance control lets you
adjust the volume of the lead vocal on
those discs without disturbing the instru-
mental track. The CLD-V710 also has a
feature called ‘“‘Magic Voice™ that pro-
duces a number of special effects for your
voice, including adjustable echo. You can
even sing a duet without a live partner by
pressing the “‘vocal partner”’ button,
which allows each verse of the lead vocals
to be heard only until you begin to sing.
The lyrics appear on the screen in white
letters that are highlighted as each word is
10 be sung—the modern version of follow-
ing the bouncing ball.

Because the CLD-V710 is a combi-

(Continued on page 5)
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Playing God via
Computer

SimEarth—THE LIVING PLANET. Pub-
lished by: Maxis. Distributed by: Broder-
bund Software, 17 Paul Drive, San
Rafael, CA 94903. Price: $69.95.

It’s often hard to reconcile our love of
nature with our passion for electronic tech-
nology. Silicon Valley-—and each of its
sister cities around the globe—creates a
river of toxic wastes as it produces its elec-
tronic wonders.

Of course, many electronics companies
are also working to clean up their images.
For example, we’ve toured the facilities of
Sanyo Electric Company in Japan, and
have seen how they are promoting ecolo-
gical responsibility with such ambitious
ventures as their Genesis project, which
would ring the planet with photovoltaic
arrays to provide all of the world’s elec-
tricity needs—albeit at the expense of 4%
of the Earth’s desert area, which would
house the solar-cell arrays. New re-
chargeable-battery technologies, such as
nickel-metal hydride, promise the con-
venience we all want with a reduction of
the toxic metals and compounds that are
generated by standard throw-away bat-
teries and nickel-cadmium cells alike.

Of course, most of us don’t think about
the consequences of our everyday ac-
tivities. What harm can throwing a battery
in the garbage do? The way most people
look at it. we’ve been throwing batteries
away for years, and haven’t noticed any ill
effects.

That's one of the main problems with
our society. We’re so wrapped up in in-
stant gratification. that we begin to ignore
some of the subtle and long-term effects of
our actions. Take, for example, the de-
struction of the tropical rain forest. It's
taken us years to notice that the songbird
population that is disappearing from North
American backyards is directly related to
the vanishing South American rain forests.
Unfortunately, it will take people years
longer to appreciate that every time they
buy furniture made of rosewood, ma-
hogany, teak. or other tropical woods.
they’re hastening the disappearance.

It's becoming clearer and clearer—to
us, at least—that every action we take does
have some impact on the planet. One sci-
entist, James Lovelock, took that a little
further and said that every action we take
produces a reaction from the planet, or the
planetary organism, which Lovelock
called Gaia. after the Greek goddess of the
Earth. The Gaia theory explains why the
temperature of Earth has remained essen-
tially constant for some 3.6 billion years—
at a temperature that is favorable to life—
despite a 25% rise in the output of heat
from the sun over the same period of time.
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The Living Planet
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It alsa explains how the concentration of
oxygen in our atmosphere has remained at
about 21% for the last 200-million years,
despite dramatic changes in the plaaet.

According to the Gaia theory, the world
as we know it is a single, self-regulating
organism, not a combination of separate
system:s of geology, biology, and climate.
Humass are simply part of the Ga:an or-
ganism. It’s difficult to do justice to the
theory in such a short space, especially
when we're really trying to talk about soft-
ware. However, we'd recommend Love-
lock’s books, Gaia, A New Look at Life on
Earth, published by Oxford University
Press, or his updated The Ages of Gaia,
from Morton.

SimEarth—The Living Planet is cen-
tered around the Gaia theory (ir. fact.
Loveleck served as technical consuitant).
In this computer simulation of the planet
from Maxix, everything is interreiated.
Climak, animals, plant life, geologv, and
the like all affect each other.

To szart the game (which is available for
Macintosh and IBM-compatible comput-
ers), yau select a new planet from a menu
of eight choices, which range from mod-
ern-day Earth, to a random planet. Ycu can
also select a time scale: each of the four
choices simulate a different aspect of plan-

etary development. For example, the Geo-
logic time scale looks at the last 4%2 billion
years and takes into account continental
drift and the makeup of the atmosphere,
while the Technology time scale concen-
trates on the last 100 years and looks pri-
marily at the impact of technology and the
changing climate.

Once you choose whether you want to
play God (and create life and let it evolve)
or to play savior (and solve the problems of
modern-day technology). you're ready to
really get started. You can look at the plan-
et through a number of different windows.
There’s the Map window. which gives you
a view of the entire planet, and lets you
see, for example, where cities are, what
kind of life is found where, where it rains.
and where it’s hot and dry. The Globe
window lets you see the same information,
but on a rotating globe instead of a flat
map.

Where you really get to exercise your
power, however, is in the Edit window. It’s
there that (assuming you have enough *‘en-
ergy,” which accumulates or is depleted
according to your actions) you can plant
forests, create an earthquake, or send a
meteor crashing onto the planet. If you
plant a forest in the arctic. it won’t last too

(Continued on page 8)



Now You See It,
Now You Don’t

VARILITE VISION PANELS. From: Taliq
Corportion, 1277 Reamwood Avenue,
Sunnyvale, CA 94089. Price: $90 per
square foot.

We don’t care for elaborate window
treatments. In fact. if we lived in a se-
cluded area, we’d opt to leave all our win-
dows bare. That’s a matter of personal
design preference (probably stemming, in
part, that with all the clutter around this
place we’d like our windows. at least. to
be unobscured). Yet studies have shown
that natural light transmitted through win-
dows to an indoor environment increases
worker productivity, and that deprivation
of natural light *‘reduces psychological
warmth and cheerfulness’’—so there is
something to be said for letting the sun
shine in. Unfortunately, the flip side to all
that glass is lack of privacy and poor ener-
gy performance.

In days gone by, buildings were pro-
tected from excess solar-heat gain by using
small windows, spaced few and far be-
tween. Double-pane glass provided better
insulation and allowed the use of more,
and larger, windows. More recent ogtions
include tinted glass and reflective glass.
Both of those treatments are of limited
value. since they block both useful
daylight and heat (tinted glass through ab-
sorption and reflective glass, as you might
suspect, through reflection). Both reduce
the natural light enough that artificial
lights are required, even during daylight
hours. Reflective glass has the additional
problems of ‘“"second-hand’ reflected
heat. which has been proven (in court, as
you might-have guessed) to raise the cool-
ing costs in adjacent office buildings. and
glare, which has been linked to traffic ac-
cidents on nearby roads.

With the recognition that light anc heat
are two separate—and separable——com-
ponents of sunlight has come the develop-
ment of new technologies designed to take
advantage of the beneficial properties of
sunlight while blocking the transmission
of heat. Low-emissivity (low-e) glazing
can transmit more than 50% of the sun’s
visible light, while blocking more than
90% of the sun’s invisible heat. Today, a
number of different glazing methods—
combinations of single or double pane,
clear or tinted, reflective, and low-e—are
available. The architect’s choice will be
affected by climate. aesthetics. window
orientation. and nearby buildings. Those
options mean that a lot more glass can now
be used—efficiently—than in the past.

All that remains is the lack-of-privacy
problem. Not many of us live or work in
wooded seclusion. or on lots large erough
that our neighbors are out of sight. Does
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that mean still more windows that require
shades, curtains. and/or blinds? Perhaps
not.

Talig Corporation has put liquid-crystal
technology to work in window-size glass,
called Varilite Vision Panels. that can
change from transparent to translucent,
and back again, at the flick of a switch—a
high-tech, two-way version of the old one-
way mirror window. Vision panels were
ariginally developed for interior use in cor-
porate conterence rooms, offices, and pre-
sentation facilities where the ability to see
through glass walls or interior windows is
rormally desired, but where privacy is re-
cuired at certain times. Other indoor uses
nclude the viewing windows in medical
facilities such as intensive care units and
nurseries, and in private homes between
kitchen and dining areas or bedrooms and
tathrooms. Now Vision Panels are avail-
able to be installed alone or as part of an
insulating glass unit. as fixed glass or in
window frames, for use in exterior walls.

The ability to change from transparent
(Tlear) to translucent (similar to frosted) is
accomplished by using a thin film coated
with liquid-crystal (LC) droplets com-
rosed of molecules in a regular crystalline
configuration. The film is bonded with
polyvinyl butyral (PVB) interlayers and
laminated between panels of heat-treated
ftat glass. When an electric current is sent
through the panel, the liquid crystals ar-
rayed along the curved inner surfaces of
each droplet align to transmit light. and
the Vision Panel instantly becomes clear
like a normal window. When the power is
switched off, the liquid crystals realign
randomly. scatrering light. and the Vision
Panel turns a milky gray/white, allowing
light to pass through but rendering normal

viewing impossible. The Vision Panels are
powered by a module installed in the wall
above or beside the glass. At room temper-
ature. approximately | watt of electricity is
required to make one square foot of glass
transparent.

We propped our 11¥2 X 8-inch sample in
front of a small window. With the power
off, the view is totally obscured, from ei-
ther side of the window. We found our-
selves looking at a surface that resembled a
cross between a frosted-glass window and
a blank TV screen. As soon as we turned
on the power, the view returned. We found
it a bit disconcerting at first to “‘turn on”
and *‘tumn off” our view of the outside
world as if it was a television show. It is,
however, much easier than closing the
draperies or shades, and there is no loss of
natural light when the Varilite panel is off.
Insteéad, the light is softly diffused, so that
the natural-light level is maintained, but
with no glare.

The Vision Panels alone don’t provide
the insulation or solar control performance
of low-e glass. They can be used as part of
an insulating glass unit in which the outer
pane is a solar-control product, however, to
achieve energy-efficiency, privacy, and no
glare. Glazers can install a Vision Panel,
but an electrician is required to complete
the electrical connections.

While the $90-square-foot price might
be considered prohibitive in residential ap-
plications, that price is expected to de-
crease as Varilite Vision Panels gain in
popularity. If that's the case, we'll be using
plenty of Vision Panel windows in our
retirement dream house. [

KARAOKE PLUS
(Continued from page 3)

player, you’re not limited to only those 500
songs available on karaoke discs. You can
use the “one-touch karaoke” key to re-
move virtually all of the lead vocals from
most standard compact discs and music
videos. If the vocals are recorded so that
they appear equally in each channel, that
common audio will be filtered out—the
same way that most ‘*vocal eliminators”
work. Discs that are recorded dif-
ferently—most later Beatles albums, for
example—can’t be filtered. Of course even
when it does work, no lyrics appear on the
screen (and, for CD’s, no video at all!),
but chances are you already know most of
the words to your favorite songs.

Because standard CD’s and video discs
don’t use multiplexed sound, you can’t use
vocal assist or the multiplex balance con-
trol, but you can listen to them with the
vocals a few times if you need to refresh
your memory. On the plus side, the video
on professional music videos is far superi-
or to the hokey “mood-setting’ images
shown on the LaserKaraoke discs. And it’s
nice to be able to sing along to ‘“non-

(Continued on page 8)

GIZMO/Page 5

1661 1SNDNY

E-3
-—h



POPULAR ELECTRONICS

S

CIRCLE 55 ON FREE INFORMATION CARD

Hesathy Zesshihh
£osteol Centor

Better Safe than
Sorry

REFLEX SS-6100 WIRELESS SUPER-
VISED HOME PROTECTION SYSTEM.
From: Heath Company, Hilitop Road, St
Joseph, MI 49805. Price: $99.95
It’s no secret that people don't fee! safe
in the streets these days. (Just look at how
effective George Bush's Willie Horton ads
were in his presidential campaign') What's
even worse than feeling at risk on city
streets is feeling unsafe in one’s own
home. Sad to say, burglaries and other
residential crimes are far from uncommon.

We're not alarmists. Some areas of the
country, and some neighborhoods, are
quite dangerous. But in most areas, the
chance of being a crime victim is not as
great as media coverage (and campaigning
politicians) make it sound

We're not stupid, either. We know that
whether you're taking a stroil around a
major city or are relaxing at home. centain
behaviors make you a prime target for a
crime. Walking down a dark alley in a
deserted. unfamiliar neighborhood. for in-
stance, 1s asking for trouble—as is wandes-
ing around looking uneasy. distracted, or
lost, or flashing a wad of money. At
home-—or when you're away from
home——there are also sure tip-offs that
you're an easy mark. Letting mail and
newspapers pile up while you’re on vaca-
tion, positioning your brand-new stereo
system so that it’s easily visible from the
street, and leaving windows and doors
open arc all welcome signs to would-be
burglars. Just as a confident, alert posture
is intimidating to muggers and purse
snatchers. there are certain things that can
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make your house less appealing to thieves.
A simple timer on your lights to make your
empty home lock lived-in can offer protec~
tion. Bui perhaps the most valuable safe-
guard for vour property is a burglar alarm.

Most people don’t install a burglar
alarm until afrer they ve been burglarized.
We understand the reasons why. First,
there's the tendency to think ““Well, it
won't happen tc me. ” Second. there’s pro-
crastination. Third, there’s the belief that
all alarm systems are complex, expensive,
and difficult to install.

Not all alarms are. however. Heath
Company teamzd up with wireless tech-
nology to make it possible for all but the
klutziest of us to install a complete alarm
system with their Reflex SS-6/00 Wireless
Supervised Home Proiection Svstem. The
system installs with (if you're lucky) only
a screwdnver. (If you're not so lucky,
you'll alse neec a small drill)

The system comes in a single box, and
contains aconirol center. a remote control,
a door/window sensor, and a lamp mod-
ule.

The control center is quite small—=-about
4%, x 3% X 2 inches—and is meant to plug
directly into a wall outlet. Two
piezoeleciric transducers emit a loud,
piercing alarm when a break-in occurs,
and a series af LED’s indicates what
*“zone™ was breached. The control center
“supervises’” -all of the system’s sensors,
checking periodically that all batteries are
good. When you arm the system. it checks
that you didn’t accidentally leave any
doors or windows open

The remote control is a thin pocket-
sized device that measures about 3%
X 1% x 1 inches. You need it to arm and
disarm the system. It can also be used to
set off a * panic” alarm, or to turn on a
light, even before you enter your home.

The door/window sensor is a small
transmitter to which a magnetic-sensitive
switch is connected. When the sensor de-
tects that the magnetic switch has been
tripped. it transmits a signal to the control
center. which sounds the alarm.

The lamp module is designed to flash a
lamp connected to it when a break-in oc-
curs. It not only startles a burglar, but also
alerts neighbors (or you, when you return
home) that a break-in has occurred.

Setting the system up is easy—about a
ten-minute job. not counting installing the
sensor. First you have to put 9-volt bat-
teries in the remote control, the door/win-
dow sensor, and the control center (for
power-fail backup). You then plug the con-
trol center into a standard wall outlet—the
outlet’s center screw is used o hold the
control center in. (It’s not really necessary,
but it would make it a little more difficult
for a burglar to rip it out of the wall.)

You then *‘install™ the remote control by
hitting the small, recessed ““Code” but-
ton. which identifies the remote. Up to
eight different remote controls can be sup-
ported by the system, so each family mem-
ber can have one.

The door/window sensor is installed in
much the same way: With the control cen-
ter in the install mode, simply press the
sensor’s “Test’” button (or activate the
magnetic switch). The first sensor you in-
stall is automatically on zone . If you
expand the system by adding extra sensors
(a total of 16 can be supported), they will
be installed on successive zones.

The lamp module is installed as you
would any X-10-type lamp module (it is,
after all. X-10 compatible): The lamp is
plugged into the module, and the module
1s plugged into the wall outlet.

The control center should be mounted
where it will be able to communicate with
the sensors and remote control, each of
which has a range of about 150 feet. It also
has to be mounted somewhere where it’s
convenient—when you arm the system,
you have to be able to see its eight zone
LED’s. (Unfortunately, most outlets, ex-
cept kitchen-countertop ones, are rather
close to the ground.) The other considera-
tion is that you want the control center to
be near where you would expect a break-
in, because it’s the center that emits the
beeping alarm.

Using the alarm system is reasonably
straightforward. You can arm the system to
sound off instantaneously or with a delay
of about one minute. That gives you
enough time to leisurely leave the house,
or to come home and disarm the alarm
without causing an uproar. Even if the
system is set for the delay mode. you can
still set individual sensors to instantly set
off an alarm. That means you can set
things up so that your normal entrance and
exit doors are on a delay. but a burglar
entering through a window would set off
the alarm instantly.

For a small apartment, you might be



able to get by with just the basic system.
Although only one sensor module is in-
cluded. you can wirc as many magnetic
switches in series as you like, so the single
module can protect all of your doors and
windows. Extra modules, however. are
available trom Heath.

The first upgrade we'd suggest, how-
ever, is the “power siren.” The control
center does emit a loud, annoying alarm,
but we’re not-sure if it would scare oft a
determined (or experienced) burglar.
Since most burglaries are committed by
inexperienced teenagers and not *profes-
sionals. ” the standard alarm will protably
do the trick in most instances. The $39.95
power siren, with its 105-dB alarm (that's
tour tinies louder than the control cente~’s)
would, however, be more likely to attract
the attention that would send even a carcer
burglar running. Other useful accessories
that are available include a motion sensor
($59.97), a three-module expansion pack
($79.97). extra remotes ($24.97), and ex-
tra lamp modules ($12.99).

Even though the add-ons won’t turn the
S$S-6100 into a full, professional alarm
system. we did like some of the system’s
professional features—especially the
module supervision that keeps tabs or: bat-
tery condition. If you'd like to feel a little
more secure for a small investment, and
you're an avowed “do-it-yourselfer.” the
Reflex system is tough to beat. B

WATCH YOUR BACK
(Continued from page 2)

designed to measure the uliraviolet B
(UVB) rays that can cause long-term skin
damage. When you input your skin type
and the sun protection factor (SPF) of your
suntan lotion, and point the sensor teward
the sun. the Sunwatch calculates the
amount of time that you can safely spend
in the sun without getting burned. When
your safe-sun time has run out, a waming
buzzer sounds.

The Sunwatch is a sporty, trendy-look-
ing timepiece. slightly larger than a stan-
dard watch: its face is about 2 inches in
diameter. Qurs was bright yellow and
black, but it also comes in Day-glo pink
and black, Day-glo green and black, and
basic black. [t’s not something a kid would
be embarrassed to be seen wearing. A
small button on the top of the watch’s face
1s used to enter the sun mode; another
button on the bottom is used to set or
display the time. Four buttons along the
perimeter are labeled “'skin,” “SPE™
“more,” and “less.” The display, an
LCD. is easy to read in the sun. but some-
what more difficult indoors. Above the
display is the UVB sensor. An e.astic
wristband fits adult- or child-sized wrists.
or you can wear the Sunwatch clipped to
your belt or your sun visor.

Setting the Sunwaich properly is not
difficult, though you'd probably want to
decide on the skin-type and SPF settings
for your children. The time is set by hold-
ing down the time button and pressing
more or less until you reach the correct
setting. Your skin type and the SPF are
selected in the same manner. using the
burtons on the side of the watch to select
the numbers that correspond 1o your skin
type and SPE The instructions include a
chart titled **Estimating Your Skin
Number.”" The settings range from 1 (al-
ways burns. never tans) to 19 (naturally
dark. seldom burns. already tanned). The
SPF numbers range from | (dark tanning
oil. we suppose) to 39 (although we have
seen sunscreens with SPF's of 45). The
instructions strongly suggest that you he
conservitive in choosing both settings.
and we agree—particularly if you are still
getting accustomed to using the Sun-
watch.

The Sunwatch has several *‘advanced™
operations to ofter as well. For instance, if
you go indoors for a while, the Sunwatch
will remember how long you’ve already
spent in the sun and will take that into
account. It also remembers the amount of
sun exposure you had the previous day. If
you're spending several consecutive days
in the sun, Sunwatch automatically adjusts
for increased safe exposure time. It tells
you how strong the sun is, on a scale of
1-50, and displays as a percentage how
close you are to reaching your safe sun
limit.

Getting to those advanced readings re-
quires nimble fingers. since you must hold
down both the sun button and the time
button on the face of the watch as you press
the more or less buttor to change modes—
impossible to do if you're wearing the
watch on vour wrist. Interpreting the ad-
vanced-mode data is also a bit tricky. since
each reading consists of a number on the
right side of the LCD and is indicated by
an icon on the left. For instance. you know
you're in the sun-strength mode when the
icon is a sunburst. The other symbols are
not as obvious—a percent sign for safe-
sun limit, “mem"™ for yesterday’s ex-
posure, and nothing at all for today's sun
exposure.

The standard sun-mode display, how-
ever, is easy to read at a glance. The time
remaining is shown in digital-clock style
(00:00), with a row of seven little asterisks
(representing suns) below it. and a smiley
face to the left. As the time dwindles away,
the seven suns begin disappearing one at a
time, and the smile on the face turns into a
frown.

We first used the Sunwatch on a Carib-
bean island in early spring. We were con-
servative in estimating skin type. selecting
a number S—right on the border of *“al-
ways burns, never tans” and “*burns easily,
tans poorly”—and said that our suntan
lotion had an SPF of 4. We were surprised
to see that in a tropical climate at 11:00 AM

(the Sunwatch takes the time of day into
account in its calculations). the UVB was
rated at 29 on a scale of 1 to 50, and we
were allotted about an hour an a half of safe
sun time. We left the beach, feeling more
than a little scorched, a lew minutes before
our time ran out. Yet, after showering off
(as true sun-tanning afticiandos know. a
shower “‘brings out” the tan), we found
that we had turned slightly pink. but not
uncomfortably so, and we probably could
have stayed out for those extra minutes

The second day of our trip was devoted
to testing Sony’s Marine Pack (reviewed
elsewhere in this issue)}—on an all-day
snorkeling expedition. That's when we
discovered the Sunwatch’s primary draw-
back—it isn’t waterproof. (It is “splash-
proof. ") We were extremely carcful out on
the boat, slathering on the number-15 sun-
screen even though we tried not to leave
the protective cover of the boat's canopy.
But we couldn’t take the Sunwatch in the
water with us. It seems that our sunscreen
wasn’t waterproof either. and with the re-
flection of the water added to the strength
of the sun, we got burned to a crisp.

Of course. we disregarded the cardinaj
rule (one that is emphasized in the man-
ual): The Sunwatch is not meant to replace
common sense. Perhaps one of us should
have stayed on the boat to watch the Sun-
watch—but that wouldn’t have been much
fun. [deally, we should have been able to
clip the watch to the back of a bathing suit.
so that it would get the same exposure as
our backs did. and so that we could hear
the alarm when our safc sun time was up.
But we don’t live in an ideal world. and we
had to stay out of the sun tor the rest of our
trip.

Back in New York. however. a stretch of
record-breaking high temperatures had us
out again. tackling the yard work we'd
neglected last autumn. According to the
Sunwatch, the sun’s strength at midafter
noon in New York was a 24—-just S incre-
ments less than in midday in the tropics.
Perhaps the ditference between 25 and 29
is far greater than it sounds. because even
sctting the skin-type and SPF to the mini-
mum (respecting our crisped backs from
the snorkling trip), the Sunwatch allowed
us about 3% hours of safe sun time. We
were dubious. but we stayed out for the
allotted time anyway—and once again we
came out just slightly pink.

The Sunwatch isn’t intended to keep
you pale-faced. Once you begin to tan, you
can gradually increase your skin-type
number to the maximum for your range. to
get the deepest tan that’s safely possible. It
the Sunwatch continues to predict sate-sun
times as accurately as it did for our first few
exposures—with the exception of its in-
compatibility with water—getting some
color with minimum skin damage should
be possible. In the meantime, we might
not threaten Zonker’s championship tan.
but at least we'll feel somewhat safer in the
sun bt
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POPULAR ELECTRONICS

UNDERSEA WORLD
(Continued from page 1)

twisted or pinched between the front and
back bodies. They must also be well
greased. If the camcorder is inserted under
high-temperature. high-humidity condi-
tions. moisture condensation can occur in-
side the pack. and might cause the glass to
fog or even damage the camcorder.

The best bet is to mount the camcorder
inside the Marine Pack in the air-con-
ditioned safety of a hotel room. Before
installation. the camcorder’s battery pack
must be charged and mounted, and the
correct lens attached. (We used an op-
tional wide-conversion lens, model
VF-77.) The camcorder screws onto the
shelf-like “pedestal” that has microphone
and remote control cords. which connect
to the camcorder’s mic and remote jacks.
All of the camcorder’s functions must be
preset (white balance. power, shutter
speed. zoom position. and focus). and a
cassette inserted. Then the pedestal slides
into position in the front body of the Ma-
rine pack and is screwed in place. and the
camcorder is set to standby. Before closing
the Marine Pack. its proper operation and
the condition of the O-rings must be
checked. Once the pack is securely buck-
led. the *‘sports finder” view window
should be attached to the top.

Unfortunately, our press sample was
missing the sports finder. and we had to try
to peer through a small window on the
back of the Marine Pack to see through the
camcorder’s viewfinder—which was next
to impossible when underwater. For-
tunately. Sony did supply us with the
wide-angle lens (which made it easier to
guess what we were focusing on), and
nature provided a reef full of interesting
subject matter.

Because the Marine Pack is somewhat
heavy. as we were getting in the water we
felt a momentary twinge of anxiety that it
would drag us down. But once we were in
the water, the unit seemed weightless—it's
actually bouyant—and quite casy to han-
dle. We held the camera directly in front of
us. Holding onto the two grips while kick-
ing our flippers to propel ourselves. we
didn’t miss having our hands free. After all
the prep work, we were able to simply
point and shoot—and the results were
amazing. We are enthusiastic but inex-
perienced skin divers—using the Handy-
cam Marine Pack for the first time and,
lacking the sports tinder. with virtually no
way to frame our shots—and yet we cap-
tured on videotape a beautiful panorama of
tropical fish, underwater plants flowing in
the current. and coral reefs. The under-
water microphone picks up the distinctive,
muftled sounds of lapping waves.
breathing (or bubbling). and boat engines,
and lends another realistic dimension to
the video.
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Our short island stay precluded any
scuba-diving expeditions—which require
quite a bit of training—so we can only
imagine what the results might have been
at depths of up to 130 feet. using the
HVL-80D underwater video light. (We
stayed so close to the surface that no light
was needed.) The serious diver, who has
already invested time and money in train-
ing and equipment. would probably be
most interested in using the Marine
Pack—and would get the most interesting
videos. And we would imagine that the
scuba/skin-diving charter boats. whose
reservations desks are set up in many hotel
lobbies, would see a boost in business if
they had TV monitors showing underwater
footage of their expeditions.

We might not be ready for the Calypso
yet, but the Handycam Marine Pack has
opened up a whole new worid of videogra-
phy to us. If you're a dedicated undersea
adventurer who enjoys making videos on
land, and you haven’t tried the HandyCam
Marine Pack. you should find out what
you’re missing. |

PLAYING GOD
(Continued from page 4)

long. Earthquakes can give rise to moun-
tains. If a meteor hits the planet. you'll
cause tidal waves or create giant dust
clouds.

The events or life that you create can
behave in a variety of ways. depending on
how the Atmosphere. Geosphere. Bio-
sphere, and Civilization models are set.
Maodel-Control panels let you vary the set-
tings. You shouldn’t expect cut-and-dried
reactions however. For example, in the At-
mosphere control panel, you have control
over such variables as solar input, cloud
formation, air-sea thermal transfer, and the
greenhouse effect. If you turn up the
greenhouse effect without changing any of
the other variables. you can expect the
planct to get warmer. But other events can
change that. It a few meteors hit the plan-
et’s surface, for example. they'll raisc a lot
of sun-blocking dust. and thus cool the
planet. Similarly, in the Civilization
model control panel. you can be reason-
ably sure that if you don’t spend enough
energy on medicine, plagues will se-
riously threaten your population. If you
don’t spend energy on science, your ad-
vancement will be slow.

A Report window lets you see how
you’re doing. You get a picture of whether
the civilization is happy. (The civilization
isn’t necessarily human—it's possible to
have other life torms evolve intelligence.)
You get feedback on the concentration of
the atmosphere, a description of rainfall,
and just about anything clsc you want to
know. For constant feedback on the overall
picture. you can leave the Gaia window
open. Gaia is represented as a planet witha

face—with a happy expression if every-
thing is going well, and an cxasperated
look if your SimEarthlings are a polluting
bunch.

SimEarth isn’t as much as a game as it is
an educatjonal toy. You can’treally “lose”’
in SimEarth. In the worst case. you end up
with a barren planet. But then it’s ripe and
ready for new life 1o come out of the
primeval soup, and to start the process
over. You can’t really “win’" either. If you
play your moves right, you may provide
the right kind of planet in which the domi-
nant civilization develops interplanetary
travel and turms the planet into a sort of
wildlife preserve.

What SimEarth seems to try to do most
of all is to teach. The manual, for example,
takes pains to explain about Earth science,
and the basic concepts of climate,
geology. and life. And the simulation. of
course, vividly illustrates how seemingly
isolated events can have profound ecolo-
gical consequences.

Many of the premises of SimEarth are,
however, open to debate—most of all the
Gaia theory itself. Of course, we should
try to appreciate SimEarth for what it is: a
computer simulation game. Even though
we're not big fans of computer games, we
had fun with SimEarth. More important. it
teaches several lessons that are relevant to
our global survival—particularly that
seemingly unrelated events are, indeed,
related. L

KARAOKE PLUS
(Continued from page 5)

hits"—which are rarely available on the
top-40-dominated karaoke song selec-
tions.

When used as a standard combi-player.
the CLD-V710 provides several con-
venience features that are now becoming
common—including several search
modes. user-programmable track selec-
tion. program and track repeat. and elap-
sed and remaining time displays. No
adapters are required for the various sized
discs that it accepts, and the unit automat-
ically senses the type of disc and goes into
the proper mode of play. It’s particularly
easy to program the tracks of a CD to play
in a certain order, thanks to on-screen pro-
gramming. Similar to what you may be
used to on your VCR. the CLD-V710 dis-
plays the numbers of the tracks in order,
and the total time of the songs selected

While we had the most fun with its ka-
raoke functions, we spent much more time
using the CLD-V710 as a CD player, and
we watched quite a few laserdisc movies,
as well. Judging by the versatility and
space criteria mentioned earlier (es
pecially considering that it took up less
space than a CD player and a laserdisc
player), the LaserKaraoke player certainly
earned its prominent position in our enter-
tainment center, LG
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Affordable Music System

When you're looking for a sound system for the kitchen or a bedroom. chances
are you’re not willing to make as large an investment as you did on your primary
audio components—yet most of today’s bookshelf units are priced in the $500-
plus range. Sharp Electronics Corporation (Sharp Plaza, Mahwah, NJ
07430-2135) has come up with an integrated music system that offers the con-
venience features to which we’ve become accustomed without breaking the bank.
The CMS-R300CD features a top-loading, five-disc rotary CD changer that allows
the listener to change up to four discs as the fifth plays. It also includes a digital
tuner with 30 station presets. a double cassette deck, and a high-speed dubbing
mechanism that offers a variety of taping capabilities. A four-band graphic
equalizer with enhanced bass response (X-BASS) and a full-range speaker system
keep sound quality up to par. The 16-key remote control operates the volume
control and recalls up to 32 of the listener’s favorite tracks with its random-access
programming capabilities. Price: $399.
CIRCLE 56 ON FREE INFORMATION CARD

Handheld Video Game

Now that 16-bit quality has become de rigeur for home video-game systems, we
knew that similar-quality handhelds couldn’t be far behind. NEC Techrologies’
(1255 Michael Drive, Wood Dale, IL 60191) TirboExpress portable video game
not only offers ““TV-quality” screen images—with an optional snap-on T V-tuner
with video-in port, it doubles as a miniature color television or a camcorder
monitor. TurboExpress uses active matrix, backlit, liquid-crystal technology. The
238 x 312-pixel display is capable of simultaneously displaying up to Si2 colors.
As the first handheld video game that is fully software-compatible with a home
system, TurboExpress doesn’t require long waits for one’s favorite games to
become available in a portable format. or double software investments: It accepts
all of the dozens of games available on TurboChip cards for the TurboGraphx-16.
The portable unit weighs about one pound, measures 4.3 X 7.3 X 1.8 inches, and
runs on six “AA’ batteries. Stereo sound is available through a headphone jack.
Price: TurboExpress, $350; TV-tuner attachment. $100.
CIRCLE 57 ON FREE INFORMATION CARD

Electronic Encyclopedia

We have no space in our crowded offices for a full set of encyclopedias—which
means that we spend a lot of time in cur library’s reference section. Now you can
get a 20,000-entry encyclopedia that takes up about the same amount of space as a
remote control. SelecTronics, Inc. (Two Tobey Village Office Park, Pittsford, NY
14534) is offering the pocket-sized Random House Electronic Encyclopedia, with
10 megabytes of easy-to-access in‘ormation. The electronic reference tool
searches out any word in the entire text in less than two seconds. An extensive
cross-referericing system and detailed Table of Contents, which displays subjects
and categories. encourages browsing and simplifies the identification of relevant
entries. Other features include a chronological “Time Chart” of historical data, a
*“Notepad” that lets the user jot notes in the **margins,” and a **Bookmark’” that
flags passages for later perusal. The Electronic Encyclopedia teatures a “QWER-
TY -style keypad and an easy-to-read LCD screen, and it weighs less than 12
ounces. It will accept ROM-based cartridges including dictionaries, other refer-
ence materials, business organizers, and language translators. Price: $350.
CIRCLE 58 ON FREE INFORMATION CARD

Connections Selection

You can have the biggest. fanciest, most elaborate assortment of audio/video
components but, if you can’t get them all hooked up and plugged in. they’re not
going to do you much good. To keep you from being foiled by small details,
Memtek Products (Division of Memorex, P.O. Box 901021, Fort Worth, TX,
76101) has introduced a comprehensive line of accessories. The Grear Connec-
tions lineup includes a wide array of cables, connectors, and adaptors, along with
a selection of coil cords, wall plates, and modular extension cords. Prices: $1.99
to $24.99.
CIRCLE 59 ON FREE INFORMATION CARD
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Black Widow Car Security System
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Arachnophobia
Dubbed “‘the vehicle security system that thieves hate like poison.” the Bluck
Widow Series-1 from Blavk Widow Security (12753 Moore Street, Cerritos, CA
90701) is. nevertheless. based not on venomous eight-legged creatures but on
electronics. Easy to use and to install, it includes two 100-foot-range remote
transmitters with more than 20.000 code combinations and an activated panic
feature, entry violation memory, visual/audible indicators. a 60-second re-arm
timer. 5- or 30-second exit delay. and a manual override switch. Options include
power door locks. a starter disabler, and battery backup. Price: $189.
CIRCLE 60 ON FREE INFORMATION CARD

Laserdisc Player

We're strong advocates of putting the same controls on the front panel and the
remote contro} of each audio or video component. and Mitsubishi Electronics
America, Inc. (Consumer Electronics Group, Audio Video Division, 5757 Plaza
Drive, Cypress. CA) has taken that concept seriously. Its full-featured combina-
tion laserdisc player. model M-V8000, has a jog/shuttle dial on both the front panel
and the remote. Each jog dial offers precise visual search capabilities by allowing
the user to advance or reverse frames at half-, normal-. or double speed. They are
encircled by shuttle rings that advance or reverse play at two, five, and ten times
the normal speed. The 18-bit, eight-times-oversampling M-V8000 uses digital
timebase correction to reduce jitter by clocking the video signal into memory and
then releasing it at a steady rate. Digital frame memory stores frames of informa-
tion and allows still. pause, and visual search functions to be used with extended-
play laserdiscs. For convenience. the player has a full range of chapter/track
search capabilities. plays both sides of two-sided discs without manually revers-

ing the disc, and comes with a manual designed to be easy to follow. Price: $1499.
CIRCLE 61 ON FREE INFORMATION CARD

Remote Camcorder System
There are some places where camcorders are impractical, forbidden, or incon-
venient. A couple of examples: Some churches frown on amateur filmmakers
(often obtrusively—whick is the reason for all that frowning) recording wedding
ceremonies, and it can be downright dangerous to try for close ups of wild animals
in their natural habitats. The Rader Remote-Cam (Rader Video Products. 1039
North Main. Fremont. NE 68025), which lets you place an S-VHS camcorder
anywhere that a person is not allowed to be, is designed for just those sorts of
situations. From as far awzay as 200 feet. you can zoom. pan, tilt, focus. and pause
the recorder. as well as operate the standby control. All of those functions can be
monitored at the control box via a 3-inch color monitor. The Remote-Cam system
comes with a modified camera, pan tilt, remote control unit, cable. an adjustable
camera stand, batieries. AC adapters, and carrying case. Price: $2950.
CIRCLE 62 ON FREE INFORMATION CARD

Printer/Display Calculator
Designed to meet the varied needs of small businesses and home offices, the
T1-5035 11 calculator from Texas Instruments (Consumer Relations, P.O. Box 53,
Lubbock. TX 79408) runs on batteries or AC line current. and provides both a 12-
digit. two-color serial printer and an easy-to-read, [2-digit vacuum-fluorescent
display. The compact calculator takes up little desk space, and can be tucked intoa
briefcase when on-the-road needs arise. The full-size keyboard has well-spaced,
contoured keys: a two-key rollover feature that protects against errors when (wo
keys are pressed simultaseousiy: and eight-level keyboard buffering to increase
speed and accuracy. An independent add register keeps addition and subtraction
calculations separate from multiplication and division calculations. Other fea-
tures include selectable decimal-point placement, a four-key memory to allow two
calculations to be tun at the same time, a non-add key for labeling the tape with
dates or other reference information, and a right-shift key for making corrections
without clearing the whale entry. Price: $85.
CIRCLE 63 ON FREE INFORMATION CARD
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Preprogrammed Universal Remote

When Thomson Consumer Electronics Inc. (Distributor and Special Products,
Deptford, NJ 08096-2088) decided 0 enter the universal-remote field. their
market research indicated that a significant number of universal remotes are
purchased as replacements for lost or broken originals. So they decided to
introduce a preprogrammed unit, rather than one that relies on the original remote
control for setup. The result is the RCA System Link, which operates virtaally all
brands of elevisions. VCR’s, and cable boxes, as well as many audio compo-
nents. To set up the System Link, the user locates the brand of the companent in
the instruction manual, presses a butten to indicate what type of componznt it is,
presses the two-digit code, and then presses the ID button. The same procedure is
followed for other components. Price: $69.95.
CIRCLE 64 ON FREE INFORMATION CARD

Digital Signal Processor

The hottest item in car audio these days is a digital-signal processor (DSP).
which emulates the acoustics of the particular environment in which the original
music was played—or where you'd most like to hear it. For instance, you can
simulate the sound dimensions of a concert hall or a jazz club. Clarion Corpora-
tion of America’s (661 West Redondo Eeach Blvd.. Gardena, CA 90247) DSP959
combines different features to yicld clear, lifelike sound. Eight preprogrammed
memories, each derived from actual listening environments, are available. The
original signal is converted from analog to digital (if necessary). and then it passes
through a built-in digital equalizer. The final step is “'sound shaping.” which
processes the music to make it sound iike it was being played in the environment
selected. The listener can use the preprogrammed factory setting. or can manipu-
late the sound field by altering the nine equalization bands or by manipulating
each effect individually to create new versions, which can be stored in memory.
Those effects include initial delay, rocm-size delay, liveliness delay, reverb time.
and the effect level that balances the sound of the rear speakers. A sound balance
feature lets the driver adjust the sound depending on the number of peorle in the
car and where they are sitting, so that any position in the vehicle becomes the focal
point. A pink-noise generator allows the system to be set up and balanced during
instaliation and checked casily anytime thereafter. Price: $799.95.
CIRCLE 65 ON FREE INFORMATION CARD

Palm-Sized Camcorder

For sophisticated travel videography as well as home use. the R-86 Super ultra-
compact camcorder from Ricoh Corporation (Consumer Products Group, 180
Passaic Avenue. Fairfield, NJ 07004) features true stereo recording capability.
fade-to-black, and an 8:1 zoom ratio. The 8mm camcorder can record in mono, or
stereo can be recorded either from the built-in. unidirectional, switchable (nor-
mal/wind). stereo microphone or from two external microphones plugged into the
camcorder’s stereo input jacks. The 8 X zoom lens has manual override. as do the
automatic focus. back light, and wh-te balance controls. Rather than the white
fade found in most camcorders. the R-86 Super fades to or from black for more
professional-looking results. Other features include in-camera insert editing,
digital titling in up to eight colors. and six programmable shutter speeds. Price:
$1599.
CIRCLE 66 ON FREE INFORMATION CARD

Remote-Controlied Equalizer

To add a greater degree of sophistication to Fisher's (21350 Lassen Street,
Chatsworth, CA 91311-2329) Studio Standard line of audio components. the
company recommends adding the £0Q-9/6 electronic equalizer, which puts 2}
functions at the user’s finger tips, including control of seven frequencies with twin
full-logic and spectrum analyzer displays. Five preset programs and five user-
programmable settings make it fast and easy to adjust EQ settings to fit a wide
variety of music. An EQ Record bution allows the user (o make equal.zed tape
recordings. The EQ-916 also features a tape monitor. display-dimmer and peak-
hold buttons, and a Flat switch to bypass equalizer control. Price: $199.95.
CIRCLE 67 ON FREE INFORMATION CARD
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Sphygmomanometer \Watch
Now you can see just how much time you spend trapped in traffic. or waiting for
that late train, and at the same time you can watch your blood pressure go up from
the stress. Casio. Inc.'s (570 Mt. Pleasant Avenue. P.O. Box 7000, Dover, NJ
07801) model BP-100 wristwatch has a built-in sphygmomanometer (instrument
for measuring blood pressure). Blood-pressure measurements are completed
within 30 seconds after a person places two fingers over the sensor on the watch.
An EKG indicator sweeps across the graphic display while measurements are
being made, and a heart symbol flashes in time with the user’s pulse. Once
measurements are complete. a tone sounds and diastolic and systolic blood
pressure. as well as pulse rate. appear on the watch’s display. Those three
measurements are automatically stored in memory along with the month, date,
day, hour, and minute of the rcading. Up to 30 sets of such data can be stored in the
BP-100’s memory. The latest 21 sets are used to create bar graphs of diastolic and
systolic blood pressure. Extremely high readings fiash on the display to wamn the
user. Target values can be set. and users can train themselves to attain lower blood-
pressure and pulse rate measurements. The watch itself has an AM/PM indicator
and a calendar, and is water resistant up to 50 meters. Price: $159.95.
CIRCLE 68 ON FREE INFORMATION CARD

TV-Relay Device
You don’t have to buy a second VCR to watch a rented movie in your bedroom
when your first VCR is in the family room. Vidi-View is a wireless TV-relay device
from Vidicraft (8770 SW Nimbus Avenue, Beaverton, OR 97005) that lets you
view cable or VCR programming anywhere in the house without adding extra
wiring. It even allows one family member to watch a ball game on cable while
another watches a video. Vidi-View includes a transmitter and a receiver unit and
hookup adapters. It uses ultra-high frequencies in the 900-MHz UHF-band
range—recently approved by the FCC for in-home use—to transmit pictures and
sound. The transmitter attaches to the video and audio outputs of the source TV.
VCR. or camcorder. The receiver attaches to the antenna or video inputs of the
receiving TV. Transmitted signals can pass through walls, metal beams, and other
structural materials. Vidi-View will transmit a picture and sound signal up to a 120
foot radius. Price: $149 (extra receiver. $69.95).
CIRCLE 69 ON FREE INFORMATION CARD

Compact-Disc Organizer
Our quickly growing CD collection quickly outgrows all our attempts to keep it
organized, and it’s become increasingly difficult to locate the discs we want to
hear. According to Chapman Design Associates (7411 Lowell Canyon Blvd.,
Suite 7, N. Hollywood. CA 91605), we're not the only ones with that complaint.
That company ofters a solution in the form of their CD’vider CD library organiz-
ing system. The CD’vider is a durable set of precision die-cut viny!l index cards—
similar to the dividers used in index-card files—that is available in two versions.
Both Categorical and Alphabetical sets each contain 12 dividers. The Categories
set includes 11 of the most popular music categories (jazz, pop, classical, etc.) and
one blank. Price: $12.95.
CIRCLE 70 ON FREE INFORMATION CARD

Low-Frequency Radiation Tester
Every time we turn around, they’ve come up with something else in our
everyday lives that causes cancer. Case in point: Low-frequency radiation has been
the subject of dozens of news reports and articles as a “*probable human car-
cinogen.” You can't shield yourself from low frequency radiation, but it is
possible to determine the sources and avoid them. The Red-Alert meter from
Certified Products Corporation (2816 East Slst Street, Tulsa, OK 74105-1704)
tests and indicates the level of low-frequency radiation generated by such things as
high-tension electrical transmission lines, computer VDT's, electric blankets,
and other appliances. For construction or remodeling work, the Red-Alert also
locates hidden or buried electric lines before you begin grading the land, digging a
hole. or tearing out walls. Price: $69.95 (plus $2.95 shipping and handling).
CIRCLE 71 ON FREE INFORMATION CARD



\NIRE ANTENNAS

SWl's

There are some antennas that, although developed long ago, are still useful today. We’ll
present some of those designs and provide you with some sources for such hardware.

mong my many hobby interests
Ais a devotion to antique radio

receivers, antique transmitters,
and the old books and magazines that
taught people to build them. It is diffi-
cult for me to pass up either a reprint or
original Hugo Gernsback magazine
from the era when radiowas an expen-

sive novelty. Some of those old publica- -

tions reveal & number of good wire-
antenna designs that are still useful to-
day. Indeed, some of them are still in
common daily use, while others ars less
well known. This article is no mere trip
down nostalgia lane, but rather a tech-
nical look at some antennas that you
might want to consider for yourself.

Tee Antennas. The Tee antenna
(shown in Fig. 1) is especially suited to
shortwave listeners, although ham op-
erators have used them. The Tee anten-
nais alength of wire 40 to 100-feetiong
thatis fed at the center by another wire,
called the downlead. The antenna ele-
ment can be bare, but the downlead
should be insulated 12-, 14-, or 16-

BY JOSEPH J. CARR

gauge wire. The antenna element
should be made of 14-gauge Copper-
weld wire. That type of wire has a steel
core coated with copper. Because of
the skin effect, RF only flows on the sur-
face, so the steel core does not add
losses to the circuit. If Copperweld is not
available, then at least use hard-drawn
stranded copper wire. If regular soft-
drawn wire is used, then it will soon fa-
tigue and the antenna will fall down.

The downlead can be broughtto the
receiver by way of a small hole cut info
the wall of the house, or through the
window. At the antenna end, it is
wrapped five fo seven times around
the antenna element wire, and then
soldered. The purpose of the solder is
not strength, but rather to prevent cor-
rosion of the joint in weather. Wrapping
the wire provides added strength.

Random-Length Long-Wire Anten-
nas. The term long wire is used for
wide variety of different antennas. The
only rigorously correct usage of the
term is for antennas that are more than

fwo wavelengths long. However, it is
common to use the term long wire for
antennas that are actually random-
length wire antennas (see Fig. 2). If the
antenna element is, say, 100-feet long,
then it is a long wire at frequencies of
20-MHz and up, and a random-iength
antenna for lower frequencies.

The random-length long-wire anten-
na of Fig. 2 is a 40- to 150-foot long run
of14-gauge or larger wire (again, Cop-
perweld is preferred). In the case
shown, the end closest to the house is
supported by a mast installed on the
roof while the far end has a stand-
alone support. However, both ends
could be attached to buildings, trees,
or other structures. The downlead of the
random-length antenna must be insu-
loted, but need not be Copperweld
wire. Ordinary 14-gauge stranded wire
will suffice.

If the random-length antenna is used
for transmitting, then a good ground
must be provided. In fact, a “good
ground” is also useful for receive-only
instaliations, but for hams it is a must. A
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*good ground” means a short run of
heavy wire to one or more 8-foot
ground rods. Alternatively, if only a few
bands are used, then a system of reso-
nant quarter-wave radials can be pro-
vided. Technically speaking, they can
be left on the surface, but that's not safe
even if there is no chance of a family
member crossing over the area (even
frespassers can sue youl). For the sake of
safety, bury the radials a few inches un-
der the earth.

Also required for good transmission,
and useful for SWLs as well, is an anten-
na tuner. A standard L-section coupler,
or some other low-to-high impedance-
fransforming coupler will do.

A variation on that theme is to add
the device shown in Fig. 3. The wire an-
tenna and downlead are similar to the
ones in Fig. 2. However, at the feed end
you have the ability to select direct
coupling to the rig, capacitive coupling
for antennas that are too long for the
operating frequency, and an inductor
for frequencies that require a longer
antenna. The minimum and maximum
values for the inductor and the capaci-
tor are shown in Fig. 3. Use the lower
values for antennas that are predomi-
nantly in the high end of the MF spec-
frum, and the larger ones for lower
frequencies.

Doublet Antennas. A doublet anten-
na is one that is fed in the center. Unlike
the Tee antennq, the doublet is broken
in the middle and each half is fed by
one side of a two-conductor transmis-
sion line. If the doublet is a half-wave-
length long, then each half is a quarter
wavelength. The overall length of such
an antenna is found from:

L=468/f
Where L is the lengthin feet, and fis the
frequency in megahertz. Each quarter-
wavelength element is one-haif that
length.

Keep in mind that, although equa-
tions for antenna length look absolute,
they are only approximations. The actu-
al length is determined by the immedi-
ate locale, and whats in it thatll alter
the antenna characteristics (houses,
frees, etc). For proper operation, the
antenna will have to be tuned, which
we'll discuss later,

Figure 4 shows the basic form of the
half-wave doublet. That type of anten-
na is usually called the dipole, and to-
day is most often fed with 75-ohm
coaxial cable. But in older designs, two
other types of feedline were often
used.
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Fig. 1. The Tee antenna is a length of wire 40 1o 100-feet long that is fed at the center by

another wire, called the downlead.
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Fig. 2. It is common to use the term long wire for antennas that are actually random-
length wire antennas. If the antenna element is, say, 100-feet long, then it is a long wire at
frequencies of 20 MHz and up, and a random-length antenna for lower frequencies.

Shown in Fig. 4 is a form of line called
twisted pair. The two insulated conduc-
tors are twisted together. You can either
buy twisted-pair wire, or make it using a
hand drill and two lengths of regular
stranded hook-up wire. Use about eight
twists per foot. The other form of two-
wire transmission line is ordinary iamp
cord (called zip cord). You can buy ei-
ther 14- or 16-gauge zip cord at most
hardware or electrical supply stores.

Figure 5 shows the folded dipole form
of doublet antenna. Again, the overall
length of the antenna is a half wave-
length. The folded dipole consists of

two half-wavelength radiators that are
closely coupled to each other. The two
radiators are insulated from each other
at all points except the very ends,
where they are shorted together. The
feedpoint is at the middie of one of the
radiators. That form of antenna has a
feedpoint impedance of around 280
ohms, so itis a good match for 300-ohm
twin-lead (TV-antenna wire).

The radiator element of the folded
dipole can be made using 300-ohm
twinlead if only used for receiving, or
low-power transmitting, but if higher
power-levels are contemplated you
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Fig. 3. This little device when placed
between the antenna and rig gives you the
ability to select direct coupling to the rig,
capacitive coupling for antennas that are
too long for the operating frequency, and
an inductor for frequencies that require a
longer antenna.

TWISTED PAIR

should use 14-gauge stranded wire
spaced 4- to 8-inches apart. The ideal
spacers are the ceramic types once
found in abundance in radio stores, but
lucite, PVC, or even treated (water-
proofed) wooden dowels can be used.
The detail in Fig. 5 shows how o con-
nect the spreaders to the antenna
wires, and how to use safety wires to
keep them in place.

Another means of feeding the folded
dipole is fo replace the center insulator
with a 4:1 balun transformer. These low-
cost devices will fransform the 300-ohm
balanced impedance of the folded di-
pole down to 75-ohms unbalanced so
that ordinary coaxial cable can be
used.

Still another form of doublet antenna

L s =2l

|
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Fig. 4. This half-wave doublet (or dipole), is most often today fed with 75-ohm coaxial
cable. But in older designs two other types of feedline were often used.

M2

#14
INSULATOR

CENTER
INSULATOR

INSULATOR
I

300Q
TWINLEAD

RECEIVER

Fig. 5. This is a folded dipole form of doublet antenna. It consists of two half-wavelength

radiators that are closely coupled to each other.

is the three-wire folded dipole of Fig. 6.
That form of antenna is similar to the
standard two-wire folded dipole, but it
uses three parallel conductors instead
of two. The conductors are kept insu-
lated from each other except at the far
ends, where they are connected to-
gether. The impedance of the three-
wire folded dipole is controliable by
varying the ratio of the conductor di-
ameters and their relative spacing. For
our purposes, however, a simplified ar-
rangement is used in which all three
conductors have the same diameter,
and they are all spaced from each
other by 4.5 to 5 inches. That arrange-
ment will yield a feedpoint impedance
of about 600 ohms, so it is a good
match to a 600-ohm parailel feedline.

Those Winsome Windoms. The win-
dom antenna is a half-wavelength wire
antenna that is fed off center. Because
the mid-point of the half-wavelength
antenna is the low point (about 70
ohms), the off-center feedpoint is at a
higher impedance. Figure 7 shows the
classic windom antenna used in the
1930's. The single-conductor downlead
feed point is 0.36L, where L is the length
of the antenna as given by the equa-
tion provided earlier. The windom an-
fenna is usually fed through an antenna
coupler so that its impedance can be
matched to the lower impedance of
the transmitter or receiver.

Figure 8 shows a modified windom

design in which the single-wire down-
lead is replaced with either 300-ohm
twin-lead transmission line, or a 4:1 bal-
un transformer that is in turn fed with 75-
ohm coaxial cable. The antenna does
not provide an ideal impedance
match, and one can expect (as with
both windoms) some “RF in the shack”
when more than moderate power lev-
els are used. However, the VSWR is not
terribly high and can be overcome
using a standard coax-fo-coax “line
flattener” form of antenna tuner.

An actual kit for a modified form of
windom antenna called the Carolina
Windom is shown at the beginning of
this article. Designed and produced by
The Radio Works (Box 6159, Portsmouth,
VA 23703; Tel. 1-804-484-0140), the Car-
olina Windom kit is avaiiable in both
80-10 meter and 40-10 meter versions.
According to the literature that came
with the antenna, the Carolina Windom
offers a low VSWR on 75/80 meters, but
must be matched with an antenna
tuner on higher frequencies. One of the
keys to the Carolina Windom antenna
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Fig. 9. People with space limitations can
WTFII?ES use a shortened dipole such as this one. It
SPACED =i is very similar to a regular dipole,; except
4.5-5 INCHES 10 that the overall length is less than half a
XMTR wavelength.

Fig. 6. Another form of doublet antenna is the three-wire foided dipole. It is similar to the
standard two-wire folded dipole, but it uses three parallel conductors instead of two.

L=A/2

A=
[ 0.36L

.

DOWNLEAD
People with space limitations can use
)(I\TAQI'R shortened dipoles with coils such as these
OR in the two poles.
RCVR
is the vertical radiator segment be-
Fig. 7. The classic windom antenna is a half-wavelength wire antenna that is fed off tween the feedpoint and the matching
center. The design dates from the 1930’s. transformer. That section of the anten-
na is approximately a half-wavelength
on 15-meters.
LN ———— |

Shortened Dipole. Some shortwave
33L i enthusiasts cannot easily erect a half-
Al B

: S S8 (oI wcvele.ngjh antenna because of

G space limitations. Those people can

use a shortened dipole such as in Fig. 9.

Those antennas are very similar to the

41 regular dipole, except that the overall

BALUN length is less than half a wavelength.

The difference is made up by inserting

an inductor in each element. Although

the placement and value of the induc-

for is determined through a complex

process, some companies offer preset

coils that will suffice for most readers.

Follow the instructions that come

packed with the coils for proper in-
stallation.,

— OG-

300Q2
TWINLEAD

Testing and Tuning Antennas.
Antennas should be tuned to reso-
nance for best reception and transmis-
sion. Thus, both the ham and the SWL

Fig. 8. This is just a modified windom design in which the single-wire downlead is need some means for finding the reso-
replaced with either 300-ohm twin-lead transmission line, or a 4:1 balun transformer and nant point. The ham can always use a
75-0hm coax. (Continued on page 84)
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Electronic Limbs

BY MARTIN KNIGHT

il

A revolutionary bioelectric-
sensor system and light-
weight controls bring
feeling sensation and near-
normal motion and
usefulness to artificial
limbs.

ing as a lineman for a rural electric

company. Being afineman is a haz-
ardous occupation, shunned by all but
the stout of heart. One day a mishap
occurred that sent 7,200 volts of elec-
fricity through Chuck’s body. The burn
damage to Chuck’s body resulted in
the loss of his right leg below the knee
and his left arm below the elbow.

In his own words, * went through a lot
of emotional changes after the am-
putations. When you lose a limb, much
less two, you feel ugly and mutilated. |
wondered how | could ever again live
in a two-arm, two-leg society.

“Even before | had my artificial limbs, |
went back to work at Kay County Rural
Electric. | even climbed a pole. | think |
had to prove that Chuck Tiemann
wasn't handicapped.”

Within five weeks after the amputa-
tion, he was fitted with a prosthetic leg
by John Sabolich of the Sabolich Pros-
thetic & Research Center in Okiahcma. §
Chuck worked hard at perfecting his §
gait by watching videotapes provided
by the research centfer and practicing
at home in front of a full-length mirror. §%
His wife, Terri, would help by checking &
his posture. "I wanted to walk as natu- § ;
rally as possible,” he recalls. :

Chuck applied the same l-am-go- &
ing-to-do-this atfitude to mastering his S8
myoelectric arm and hand, which he B
received nine months after his pros-
thetic leg and foot.

Wanting to do all that he's capable of §
doing, Chuck has dubbed himself a
*...guinea pig for the latest in prosthetic

I n 1986, Chuck Tiemann was work-
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devices. Whenever someone has
something new that might make life
easier for amputees, | try it. | feel like
whether it's good or bad, whatever | do
today is going to affectwhat's available
in the future. If somebody didn't do it,
amputees would still have hooks and
wooden legs.”

In 1990, Chuck Tiemann ran and
finished the grueling Bay-to-Breakers
race in San Francisco-—a seven-and-
one-half-mile uphill run that would
challenge even the most able-bodied
runner. His prosthetic leg included the
new Sabolich "Sense-of-Feel-System.”
"My time wasn't as good as | had
hoped,” he says, "but | finished the race
and | know I'll better my time next year.”

About the Sabolich Leg. The Sabo-
lich Sense-of-Feel System is the first
prosthetic system developed to restore
a sense of feel to lower-limb amputees
that approximates the natural feeling
lost because of amputation. In the Sab-
olich leg for example (as shown in Fig.
1). this is accomplished using pressure
tfransducers incorporated in the sole of
the artificial foot. The sensors respond
proportionally to pressure on different
areas on the sole of the foot. The more
pressure exerted on the artificial foot,
the greater the magnitude of the sig-
nal.

The analog electrical signals pro-
duced in this fashion are sent to a bat-
tery-powered electronic interface (see
Fig. 1). The electronic interface contains
the circuit elements necessary to inter-
pret and convert the signals from the
transducers to digital signals that mimic
the signals that the nerves in a human
foot would normally generate and
transmit,

Those signals are then sent to a sock-
et on the arfificial leg where the re-
sidual limb enters the leg. The signals
are transferred to nerve endings in the
remaining limb by electrodes in the
socket. The nerves naturally transmit the
signails up o the brain where the sensa-
tion of feeling is experienced.

As many as eight different sensors
can be incorporated in the sole of the
prosthetic foot. The location of the elec-
frodes for the transducers helps the pa-
tient determine which part of the foot
(which sensor) is experiencing pressure.
For example, the pressure transducers
on the ball of the foot pick up various
levels of pressure generated from walk-
ing. The resulting signals are sent to the
skin on a forward section of the am-
putee’s residual limb (toward the knee).

T0 BRAIN
T ks
* NERVES
THE SABOLICH
SOCKET
HUMAN

SKIN RECEPTORS
(NERVE ENDINGS)

—>ELECTRODES

(TOUCHING SKIN
ON RESIDUAL LIMB)

RESIDUAL LIMB

ELECTRONIC
INTERFACE

PROSTHETIC
LEG

PRESSURE TRANSDUGERS

Fig. 1. This diagram shows pressure trans-
ducers at the heel and ball of the foot. Ana-
log pressure signals from the transducers
are received at the elecironic interface
where they are converted to digital-like,
electrical signals which are detecred by
human skin receptors.

That's where the nerves and muscles at
the ball of a real foot would send their
signals to communicate with the upper
leg, and from there to the brain.

Since the socket (called the Sabolich
Socket in this application) is the elec-
trical interface between the amputee
and the artificial fimb, it is one of the
most important components in the sys-
tem. The newly designed socket in the
system is highly muscle and nerve con-
toured, making it most conducive to the
muscle and nerve re-education pro-
cess. Muscles and nerves have been
inhibited from functioning properly in
conventional sockets of the past as
there is no feedback provided by the
artificial limb.

When fitted with the Sabolich leg,
amputees are able to feel sensations

generated by the artificial foot. In
effect, the brain learns to “communi-
cate” with the floor via the artificial foot
After only several minutes of wearing
the artificial limb, the amputee’s brair
begins to interpret the sensationsin the
residual limb as being generated by
the foot, approximating the brain’s re-
action to sensations it formerly received
directly from the natural foot.

And advances on the system are
being made all the time; At the begin-
ning of 1991, the Sabolich electronic
interface was reduced to half the ap-
proximate size of a pocket pager or
beeper, making the electronics pack-
age capable of fitting into very small
prosthetic devices. As of this writing, the
cost of the system is $1,400.

Benefits Derived. The Sabolich Sys-
tem provides patients improved bal-
ance for walking or running since
sensory information is transmitted from
the prosthetic foot. If the amputee is on
aslanting surface, for example, or steps
on arock, he will know it because of the
information being received from the
artificial foot. Consequently, the am-
putee can immediately correct his
stride to compensate, just as would be
done with a natural foot.

The feedback also helps a new am-
putee learn to use the artificial leg
quicker and with a good gait pattern. A
therapist can turm up the intensity of a
specific electrode to increase its effect
so that the amputee is reminded of
which movements are correct and
which to avoid, in effect creating a sen-
sory biofeedback gait-training system
rather than having the amputee rely on
an audible beep or flashing light sys-
tem as with conventional biofeedback
units. A therapist can also place elec-
frodes directly over particular muscles
that need to be trained and stimulated,
encouraging appropriate muscles to
contract, strengthening them and fur-
ther encouraging correct gait patterns.

The sensory information also helps to
reduce the stress and impact of fauity
steps, thus preventing trauma to the
knee and hip joints and spinal column.
Furthermore, patients can feel their foot
in such non-ambulatory activities as
pushing an automobile clutch, brake,
or bicycle pedals.

The Extra Benefits. Early tests sug-
gest that using the Sabolich System
may result in a significant lowering of
"phantom pain,” in which amputees
experience feelings of pain in their
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Fig. 2. Although this diagram of the Utah Artificial Arm shows a hand “terminal device,” the
arm can also support other terminal devices such as a prosthetic hook for use around the

shop.

missing limbs. The sensation can range
from severe aching to a sense of
cramping. Apparently, the new system
tricks the brain into “feeling” the foot in
amore natural and positive way, reduc-
ing the tendancy of the brain to gener-
ate phantom-pain sensations.

This is linked to a phenomena called
“cerebral projection,” in which the
brain projects the missing foot back in
the patient’s mind. The Sabolich System
increases the sensation of having the
missing limb, so some patients report
the ability to feel their toes and mid-
foot bending under the pressure of
walking on an artificial foot.

Aside from use by amputees, the
Sabolich Sense-of-Feel System holds
promise for a wide scope of head-in-
jured and paraplegic patients since
they, much like amputees, couid bene-
fit from again feeling the bottom of
their paralytic feet.

Similarly, millions of diabetics, who
often have little or no sensation on the
soles of their feet, could benefit from
the increased balance and sensation
provided by the system. They would be
warned of too much pressure being
placed on the foot, pressure which can
cause severe damage, ulceration, or
amputation.

2N\
o SKIN
A ELECTRODES

\ ELECTRIC
\ MYOBOCK

wrisT  HAND
ROTATOR

REMOVABLE
——ELBOW DRIVE
SYSTEM

The Utah Arm. Wriggle your arm
about your body flexing your elbow,
wrist, and altering your grip. You'll reclfize
with overwhelming conviction that the
well coordinated human musculoskel-
etal behavior is not one of simple com-
mand/response between the higher
decision centers and actuating mus-
cles. As you would expect from perform-
ing this simple experiment, the myo-
electric Utah Arm that Chuck was fitted
with is undoubtedly an engineering

marvel.
The Utah Arm and Hand for above-
elbow amputees allows sensitive con-
(Continued on page 86)
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speaker is a speaker is a speak-
Aer—or is it? Most of you are
probably familiar with an ordi-
nary audio speaker. You know, the kind
that you find in any radio, stereo, or TV
And while there are certainly dif-
ferences in the quality of different
speakers or, more specifically, the quali-
ty of the sound that they can re-
proauce, most speakers are basically
very simitar in their construction. How-
ever, that's not so with the Magic Film
Speaker that we'll describe in this arti-
cle. That speaker, which you can build,
uses piezoelectric film to reproduce
sound. To be a little more precise, what
you build is a circuit that allows you to
use piezoelectric film as a speaker.
The piezoelectric-film speaker circuit
is designed by Heathkit, and sold in kit
form (as item number SK-120). The or-
dering information for the kit can be
found in the Parts List. However, be-
cause some of you may want to build
the circult from scratch, we have pro-
vided complete construction details, as
well as a source for the piezoelectric
film (see the Parts List}.
In order to understand how the de-

rne .
gie-Film

Have fun experimenting
with this unusual speaker

BY MARC SPIWAK

vice works, you will first have to under-
stand what piezoelectric film is and
how it works. Before we discuss the
piezoelectric film, however, let's first talk
about how an ordinary speaker works.

Speakers in General. A common ev-
eryday speaker is usually a shallow
conical disc, or diaphragm, that vi-
brates back and forth within its housing
in tune with the audio signal that is pre-
sented to it. (An audio signal is basically
a complex AC signal) The vibrations re-
produce sound by sending souna-pres-
sure waves through the air that vary
along with the audio signal. The sound
waves reach your eardrum (which is
connected to your brain), which trans-
lates the waves into sounds that you
have come to understand. Now let's
see how the speaker diaphragm is
made to move back and forth.

We all know how an electromagnet
works, and that magnets can be made
to attract or repel one another. If you
were to make an electromagnet using
some insulated wire and a nail, you'd
find that when current is passed
through the wire in one direction, one
end of the nail would attract one pole
of a magnet while the other end would
repel it. If you reverse the current flow,
the opposite would be true.

Figure 1shows a cut-away view of the
average speaker. There you can see
what is called the moving coil, a hollow
cylindrical coil that surrounds, but is not
attached to, a fixed magnet. The mov-
ing coil is attached tfo the diaphragm,
and is allowed to move back and forth
around the fixed magnet. When it
moves it takes the diaphragm with it.

When an audio or AC signal is passed
through the moving coil, it tries to repel
and attract the fixed magnet—just like
the electromagnet made from the wire
and nail. But since the fixed magnet is
stationary, the diaphragm is forced to
move back and forth in time with the
oscillations of the audio signal. As the
diaphragm oscillates, it creates the
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Fig. 1. Here is a cut-away side view of the
average speaker.

pressure (or sound) waves that are de-
fected by the ear. Now let’s see what
piezoelectric fim is, and how we can
make it behave like a speaker.

Piezoelectric Film. A piezoelectric
material has the ability o turn a me-
chanical force into electricity, and it
can also produce a mechanical force
when subjected to electricity. Some-
times the material is a rigid ceramic or
crystal-like substance, as is the case
with a quartz crystal. But in this project,
we are going to use a piezoelectric
substance made from a flexible plastic
film.

Piezoelectric film contains diroles
that are produced in the material’s

let's take a look at the circuit that is used
1o drive the film speaker.

Circuitry. The schematic diagram for
the amplifier is shown in Fig. 4. An audio
signal is input at J1, an RCA jack. A volt-
age divider, consisting of R1 and R2,
provides a load for the signal source; R2
(a 2000-ohm potentiometer) also
serves as a volume control. The signal is
amplified by U1, an LM386 low-power
audio amplifier. Power is supplied by
the 9-volt battery, B1, while capacitor
C1 is used tfo filter the supply line. The
amplifier gain is set to about 60 by R3
and C3. Resistor R4 and capacitor C4
cause fow frequencies to be amplified
more than high ones to improve the
speaker’s sound.
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Fig. 2. Piezoelectric film contains dipoles;

a molecule that has a natural opposite
polarity on either end.
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PARTS LIST FOR THE
MAGIC FILM SPEAKER

RESISTORS

(All fixed resistors are Ys-watt, 5% units,
unless otherwise noted.)

RI—8200-ohm

R2—2000-ohm, potentiometer

R3—470-ohm

R4—22,000-ohm

R5, R6——10-ohm

R7—470-ohm, %2-watt

CAPACITORS

Cl, C5-0.1-pF, ceramic-disc

C2, C3—I10-pE, 35-WVDC, electrolytic
C4—.01-pE ceramic-disc

C6—100-pF, 25-WVDC, electrolytic

ADDITIONAL PARTS AND MATERIALS

Ul—LM386 low-power audio amplifier,
integrated circuit

T1—1:10 step-up audio transformer

S1—SPST switch

B1—9-volt transistor-radio battery

J1—Phono jack

SPKRI1—Piezoelectric film, see text

Printed-circuit matenials, 8-pin IC
socket, speaker-lead wire, 9-volt
battzry holder and connector, foam-
rubber feet, etc.

Note: The Magical Film Speaker (kit
SK-120) is available for $21.95 from
Heathkit, Heath Company, Benton
Harbor, MI 49022; Tel.
800-253-0570. The kit includes
everything in the Parts List, except the
9-volt battery.

Piezoelectric film is available from
Atochem North America, 3 Parkway,
Philadelphia, PA 19102. Contact them
directly for pricing and other
information

ComponentsR5, C2, and C5 stabilize
the amplifier, while R6 and the primary
of T1 act as a load for U1. DC voltage is
blocked from the primary of T1 by Cé.

crystalline structure. A dipole is @ mole-
cule that has opposite polarity on ei-
ther end (see Fig. 2). The film is
metallized on either side so that a volit-
age can be placed across the fim. The
voltage causes the dipoles to align,
and the material fo change in shape as
shown in Fig. 3 (as it gets thinner, it gets
longer and wider). When an audio or
AC signal is placed across the film, the
film changes shape in accordance
with the signal. As the voltage polarity
reverses, the film bends in the opposite
direction. And, as you might have
guessed, the film can produce sound
waves much like a regular speaker.
The only problem is that piezoelectric
film requires a high voltage to produce
the desired effect, therefore a common
1-volt peak-to-peak audio signal will
not do the job. What we needis a "high-
voltage” audio amplifier to make the
film act like a speaker. With that in mind,

Fig. 3. A voltage causes the dipoles to
align, and the material to change its
shape.
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Fig. 4. Shown here is the schematic d:agramfor the amplifier portion of the project. An
audio signal is fed to the circuit via JI and is highly amplified 10 operate the film speaker.
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Fig. 5. You can make your own printed-circuit board from this foil pattern.
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Fig. 6. Solder the components to the
board using this parts-placement diagram
as a guide

allowing only audio to be coupled to T1.
Transformer T1 steps up the audio signal
by a factor of ten to drive the
piezoelectric-film speaker. Resistor R7
limits current in case the output is acci-
dentally shorted to ground.

Construction. It's a goodidea to use a
printed-circuit board for this project.
You can make your own from the foil
pattern provided in Fig. 5, or use the
board that comes with the kit. You could
also probably get away with using a
piece of perfboard. If you use a
printed-circuit board, solder the parts
to the board as shown in the parts-
placement diagram in Fig. 6.

Be sure to observe proper compo-
nent polarity—especially with the inte-

LEAD
SOLDERED PIEZOF?LJ;ACTRIC
TO FOIL TAPE

EXT)
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Fig. 7. Solder a lead 1o a piece of copper-
Joil tape and then stick the tape on the
piezoelecrric film.

grated circuit, U1, Make sure that your
soldering is done carefully, and be sure
to check the board for any solder
shorts, opens, cold-soldered leads, and
heavy flux buildups when you're done.

The 9-volt battery holder is mounted
to the board using a couple of small
screws, although some double-sided
tape will do. The leads from the battery
holder are soldered to plus (+) and
minus (—) points on the board; positive
(red) to + and negative (black) to —.
The PC board is designed to directly
accept a particular RCA jack for J1 that
is included in the kit If you use a dif-
ferent RCA jack, simply solder the con-

nections as shown in Fig. 6. Then you
have to use an adapter cable to supply
an input signal o J1, depending on the
source that you're using.

The speaker is made from a piece of
piezoelectric film that measures 5 by 8
inches. When making electrical con-
tact with the piezoelectric film, you
cannotjust solder a lead directly to the
film, because the solder will melt right
through it. You have to use some cop-
per-foil tape with a conductive adhe-
sive backing; that tape is normally used
to repair PC-board traces. Solder a
lead 1o a piece of copper-foil tape and
then stick the tape on the piezoelectric
film, as shown in Fig. 7. Do the same on
the opposite side of the film in the same
position. The speaker leads—any
length of stranded insulated wire—are
soldered to the points indicated in Fig.
6, with the lead on the exposed surface
of the film going to the upper speaker
pad.

The film needs something to help it
hold its shape. The kit comes with a thin
piece of styrofoam, and the fim al-

-ready has an adhesive backing on one

side. If you're building the project from
scratch, try using the bottom of a
styrofoam meat-packing tray—the
thinner the better. Or try aitaching the
film to a sheet of glass or some other
unusual surface—a balloon, for in-
stance. To adhere the film to the
styrofoam pad, try using a “roll of adhe-
sive” sold in art-supply stores—it’s like
tape without the tape—just glue on a
paper backing. Whatever kind of ad-
hesive you use, be sure apply only a thin
layer and try not to trap any dirt or air
bubbles between the film and the
backing.

Finish up by placing foam-rubber
feet on the bottom of the board. The
feet will provide a steady base for the
project.

Operation. Because the unit has a
volume control, almost any audio-sig-
nal source will work; an earphone jack,
an output from a tape deck or CD play-
er, etc. With the power off, and the vol-
ume control set at mid-point, connect
an audio signal to J1. Turn on the power
and you should hear the audio. You will
notice that by bending the speaker
film, the volume will vary. Try doing
something unusual like mounting the
speaker in a picture frame. You could
also mount it curved on a piece of
cardboard to achieve maximum vol-
ume. Then plug it in to your TV's ear-
phone jack for a unique novetlty item. Il



All About
OSCILLATORS

fronics as a hobbyist for a while, or

even if you're just getting started,
no doubt you have seen or heard
about various uses for sinewave Os-
cillators. Sound generators, signal
sources, radios, televisions, and tape
decks use such oscillator circuits fo gen-
erate signals used in their operation.

So you've encountered sinewave 0s-
cillator circuits, but might wonder about
how they work? What makes them
create an alternating voltage at their
output with only DC going in?

That's what we'll be looking at here:
the ingredients, if you will, that go into
making a circuit oscillate. We'll also
take a look at some basic (and some
familiar) circuits and how they meet the
requirements needed for oscillation.

I f you've been involved in elec-

Sinewave Oscillators. Figure 1 shows
the block diagram of the most basic
sinewave oscillator. The type of design
produces a sinewave at a particulor
frequency. The top section is an ampli-
fier and the bottom is a frequency-de-
pendent attenuation and phase-shift
network. The amplifier is like any other
amplifier; its gain produces a copy. of
the input at the output but with a larger
amplitude.

Note that we show the output of the
amplifier connected to the attenuator/
phase-shift network and the output of
the network is connected back to the
input of the amplifier. You might be
wondering why the output of the ampli-
fier fed back to its own input. That's a
good question. Part of the answer is that
in order to create an AC signal the am-

plifier needs a signal to amplify. But that
is only a partial answer because, al-
though the resonant feedback network
is designed to give maximum output at
the chosen frequency, it cant create
that signat out of nothing. The amplifier
has to supply a signal so the network
can do its part. But where is the signal
being generated? What came first, the
chicken or the egg?

Well, in this case, neither. Obviously, a
signal must be generated somewhere
to start the whole process. Iin an actual
oscillator that can happen in a couple
of ways. One common way is that when
the power is switched on, a small volt-
age spike occurs somewhere in the
amplifier. You can think of a spike as a
short burst of a range of frequencies or
harmonics. Anyway, the amplifier adds
gain to the glitch and sends it to the
feedback network. The resonant circuit
filters out all the harmonics except the
ones near its resonant frequency, which
it sends to the amplifier. The amplifier in
turn amplifies that signal and sends it to
the feedback network, and so on. And

i AMPLIFIER

0 QUTPUT

FEEDBACK NETWORK
Fig. |. A sinewave oscillator can be
broken down into two key sections: an
amplifier and a frequency sensitive
feedback network.

=

There are many interesting projects that require
sinewave oscillators. If you only know
how to design square-wave generators,
or need a refresher in sinewave

generation then this is the
article for you.

BY
RON C. JOHNSON

that's how oscillation starts. However,
that explanation is only partially true;
we'll clear up the problems with it a little
later.

Let’'s Look at the Ampilifier. In order
for a circuit to oscillate, it must have two
important characteristics: The overall
gain of the circuit must be 1, and the
total “phase shift” through the circuit
(which we'll discuss later) must be zero.

First, the gain. Why a gain of one?
Let's assume the oscillator is operating
normally—outputting a sinewave at
some frequency—but the overall gain
of the circuit is made greater than one.
Each time the signal is fed back around
the loop its amplitude would increase
by the gain until the maximum output
voltage swing of the ampilifier was ex-
ceeded. At that point, the sinewave
would begin to clip causing distortion.

Now let’s assume that the loop gain is
reduced fo less than one. Each time the
signal was fed back through the loop, it
would decrease until there was no sig-
nal left. So, for stable, undistorted oper-
ation, the gain of the loop must be one.

Bul what determines the overall loop
gain? If the amplifier has voltage gain,
which we call A, and the feedback
network has attenuation, which is B. The
overall loop gain, A, can be expressed
as:

A =A,xB=1

So we should find out how much at-
tenuation is inherent in a particular
feedback loop and set the gain of the
amp to offset it so that the overall loop
gain is one.
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Fig. 2. A phase-shift oscillator relies on the fact that the feedback network will permit
only a signal of the desired frequency 1o have a 360° phuse shift around the loop.

Before we leave the topic of total
loop gain, one more aspect should be
considered: When we talked about
how the oscillator gets started, we said
that a small signal created by switch-on
fransients was amplified, fed back, and
amplified some more, increasing in
amplitude until the desired output sig-
nal was obtained. How could that hap-
pen with an overall loop gain of one?
Sorry, but the answer is that it couldn't.

In practical cases, the overall loop
gain at start-up must exceed one in
order for the oscillator to operate. In
some cases that is accomplished by a
portion of the circuit that only operates
when the circuit is first turned on. In
other cases, the operation of circuit it-
self limits the gain once the output
nears clipping. To do that, the loop gain
must be only slightly higher than one.

Phase Shift. Now lets look at the
other requirement for oscillation: the
total phase shift must be zero. We say
“total” phase shift because the ampli-
fier may provide a phase shift. Some
amplifiers invert the input signal. That is
equivalent to a phase shift of 180°; in-
verting the signal twice creates a
phase shift of 360°, which would put the
output back in phase with the input sig-
nal.

We need to know the amplifier’s
phase shift to design the feedback net-
work. We have ailready said that the job
of the attenuator and frequency net-
work is to dictate the frequency at
which the oscillator operates. Usually it
is some form of resonant or tuned circuit
that has a phase-shift of its own. If the
phase shift of the network doesn't com-
pliment the phase shift of the ampli-
fier—to make the overall shift 0° or
360°—the waves produced by them
will destructively interfere. The circuit will
either oscillate at the wrong frequency
or fail fo oscillate altogether. With that
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Fig. 3. A Wien-bridge oscillator uses two
feedbuck loops, a negative loop 1o limit
the gain, und a positive loop 10 set the
frequency.

under our belts, let's look at a couple of
practical circuits.

The Phase-Shift Oscillator. The cir-
cuit in Fig. 2 is cailed a phase-shift os-
cillator. In this particular circuit, an op-
amp and two resistors (R1 and R2) form
the amplifier. The feedback circuit con-
sists of three capacitors (all with the
same value. C) and three resistors (all
with the value R) that set the frequency
of oscillation. As the signal is fed through
the network, a phase shift of 180° oc-
curs. Hence, the name “phase-shift os-
cillator.” The other important aspect of
the feedback network is that it gives an
attenuation, B, of . '

Since a feedback network has an in-
herent phase shift of 180°, and we have
said that we need the signal in phase
(360°), we use an inverting amplifier to
add another 180° phase shift. That takes
care of the phase-shift requirement for
oscillation.

We have to now set the gain. If the
feedback network has an attenuation
of Y29, the gain of the amp must be 29in
order to achieve an overall loop gain
of one:

A=A XB=29 X Yoo =1

The gain of the amplifier. A, is deter-

mined by the ratio of the resistors R1
and R2 as follows:

A, = RIR1
it A, =29 and R1= 10,000 ohms:
R2=10,000 x 29 =290,000 ohms

To make sure the circuit will start oscitlat-
ing we can choose the next higher re-
sistor value of 330k, which will give us an
amplifier gain of 33 and an overall loop
gain of 1.14. That should be enough to
ensure start up of the oscillaror. Losses in
the circuit components will offset the
extra gain, so once the circuit starts os-
cillating it shouldnt go into clipping.
We can determine the frequency of
oscillation using the following formula:

f=1/(2nV6RC)

According to that equation, if we used
01-uF capacitors and 10k resistors the
frequency is 1.59 kHz.

The circuit is actually quite simpie
and easy to set up using practically any
op-amp. The drawback to the circuit is
thatitisn't very stable, Temperature vari-
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Fig. 4. This basic Colpitts oscillator is
built from discrete components, but
contains an amplifier and feedback
network like the other oscillator circuits.

ations in the components can cause
the frequency to drift so it isn't used very
often.

Next we'll look at a circuit that uses a
slightly different technique to achieve
the same resuits.

The Wien Bridge Oscillator. The
Wien Bridge uses two feedback loops.
One supplies positive feedback
through a bandpass filter that has zero
phase shift and an attenuation of ¥s at

{Continued on page 84)
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Anyone can make professional-looking printed-circuit patterns
and save precious time and money.

COmpufers have found their way
into just about every facet of our
existence. They have even be-
come essential fo many of us ir our
daily lives. Computers control many of
the things we now take for granted and
countless feats could not be achieved
without them. To find examples all one
has to do is look around: communica-
fions, transportation, even household
appliances are computerized. They
speed through many previously tedious
tasks, and can even change those
chores into creative enjoyable outlets
for us.

Working on my computer became
an enjoyable task even for me, second
only to building electronic devices.
Eventually | learmed | could combine
the two interests by using my computer
to help me design the printed-circuit
foil patterns used for my projects. Pro-
ducing accurate printed-circuit boards
is the most demanding part of any
electronic construction project and
double-sided boards more than dou-
ble the chore. But as | mentioned, there
is an affordable and easy-to-run com-
puter program to tackle the job. The
program is so easy fo run, that within 30
minutes you will be well on your way to
making all your PC patterns this way.

PCBoards: The Program. The pro-
gram is called PCBoards by Ralph A
Lindstrom (from PCBoards, 2110 14th Av-
enue South, Birmingham, Alabama
35205; Tel. 205-933-1122). PCBoards
runs on any IBM PC or compatible sys-
tem with a minimum 384k of memory
and CGA. It even runs on a single disk-
drive system, but requires DOS version
3.0 or higher. The foil patterns it gener-
ates can be printed out using an IBM
graphics-compatible dot-matrix
printer, which works well. However, for
dbsolutely superb results, you can use
an HP Laser Jet Il or a compatible laser
printer.

The program starts with a “viewport”
or “‘window"” on the screen (see pPhotos).
The window is filled with a grid of dots
representing %2o-inch inCrements on A
circuit board. The viewport on the
monitor is only a small portion of the
total allowed workspace of 6.05 x 13-
inches.

inside the viewport is a small green
box that is used as a cursor. The cursor
can be moved around via the arrow
keys. If you try to move off the edge of

the viewport, the viewport is redrawn to.

reveal the portions of the board hidden
from view. When you first begin to draw
a pattern, the cursor and traces start

out green, indicating you are operating
on the bottom or solder side of the
boarc. When working on the top or
component layer, the cursor and fraces
appear red. The areas where fraces
overlap are shown in yellow.

Across the bottom of the screen are
some helpful status indicators. At the
lower left js an “absolute counter.” The
absolute counter displays the x-y coor-
dinates of the cursor at all times. The
coordinates are always relative to the
upper left corner of the board (not nec-
essarily the viewport).

Just to the right of the absolute coun-
teris an arrow that is a further indication
of the board layer you are working on.
When working on the solder side of the
board the arrow points down. Pressing
the minus key flips the arrow to point up
and changes the current layer to the
top or component side of the board.
The plus key will return you to the lower
side.

At the lower-right of the screen is a
“relative counter.” That counter also
tracks the cursor position, but relative to
the last time it was zeroed by using the
insert key.

At the bottom middle of the display. is
the “selection block.” That indicator tells
you which command you are currently
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executing or just displays the PCBoards’
logo if no choice has been made. The
selection block is changed by selecting
an option from the menu, so let’s look at
the menu options.

The Command Menu. The menu is
filled with commands for designing
boards and performing some file-man-
agement operations. To bring up the
menu you must position the cursor at an
unoccupied point and press F2. You
can select a command from the menu
by typing the capital letter that ap-
pears in that command on the menu,
or you can use the up and down arrow
keys to position a highlight bar over the
desired command. Once the highlight
baris in position, the command can be
executed by just hitting the enter key, or
by pressing the F1 key (which causes an
asterisk to appear next to the com-
mand) and pressing the insert key.
Pressing the insert key returns you from
the menu, but you aiso could leave the
menu by pressing the Escape key.

Once you are familiar with the pro-
gram you can execute a command
simply by typing the capital ietter that
appears in that command without call-
ing up the menu. This feature saves
considerable time.

The Command Options. Taking the

.28, 1.35 4

command options in order, the first
command on the menus is the “pad”
command. That command pasitions
component pads on both layers of the
workspace at once. Move the cursor to
the desired spot and press the F1 key to
place, or F2 to remove a pad.

The next command is “via.” Aviais a
small square pad used for piated-
through holes on both layers of a
workspace. Via's are also typically used
to designate pin one of dual in-line
packages (DIPs). Using this command
places a via at the cursor position.

The DIP command places the pads
for a DIP socket on the board. However,
before carrying out the DIP command,
the size and orientation of the pins
should be selected. To do this press the
insert key after pointing fo the DIP com-
mand on the menu. That calls up a
dialog box that allows you to adjust the
size and orientation. While at the dialog
box. pressing the F1 key steps you
through the sizes of DIP's from 6 to 40
pins. The program will automatically
adjust the spacing of the pins. Siriking
F2 changes the orientation of the DIP to
the desired direction.

The DIP's number one pin will be
placed at the cursor location by then
pressing the F1 key. The rest of the DIP
will placed according to the orienta-
tion you selected. Removing a DIP is

PCBoards

The viewport (or window) shows you only a portion of the PC board vou are working on. The
cursor position, layer, current operation, and other information are ulso displaved.

accomplished by locating the cursof
over each pin and pressing F2, which
removes one pin at a time.

If you execute the DIP command
without using the dialog box, then a
default 6-pin socket with south orienta-
tion (the socket below pin 1) will be gen-
erated.

Placing down pads for asingle in-line
package (SIP) is akin to choosing a DIF
The SIP command performs this task.
The size and orientation need to be
designated before carrying out the
command. The insert key calls up the
dialog box just as it did for the DIP com-
mand. The 1 key walks you through the
sizes up o 40 pins. The F2 key allows you
10 select one of the four possible orien-
tations.

The “thin” command creates 20-mil
wide traces to connect pads, DIP', etc.
Horizontal and vertical traces are al-
lowed, but not angles. With the ¥o-inch
spacing allowed, that would rarely
cause a problem. Traces can be
placed between pads, but you must
print in the 2x mode, to yield enough
clearance for the trace.

To create athin trace you would press
the F2 key to call the menu up, select
the thin command. and press insert to
remove the menu. Then you use the
arrow keys to move the cursor to the
starting point and press the F1 key. The
cursor block will change from aboxto a
solid block, indicating a route is in pro-
gress. Move cursor to the ending point
and again press the F1 key. The trace is
then drawn connected to any pads
along the route you followed. Placing
the cursor over a thin trace and press-
ing F2 removes the trace up to the aad-
jacent junctions.

The “thick” command expands thin
traces to 50 mils wide. You must have a
thin trace already in place to execute
this command. As with the other com-
mands, the F1 key invokes the order,
and the F2 key revokes it.

By using the “fill” command you can
place down 50 mil square blocks. Press-
ing the F1 key places the solid block on
the appropriate layer, and the F2 key
removes them. If you press the F1 key
while the cursor is on an already filled
block (you can just press the F1 key
twice) the entire layer in the viewport
will be filled. The fill stops when it
reaches either a thick frace or another
fill. Pads, thin traces, and text will all be
bypassed. This command is convenient
for making larger pads.

The ability to copy part of the current
pattern, or load a previously saved one



is accomplished by using the "Black”
command. When you select block from
the main menu, another menu will ap-
pear with a list of different block opera-
fions. “Load block” is used to import
portions of circuits or entire patterns
that have been saved to disk. “Mark
block” allows you to mark the corners of
the area you wish to manipulate. The
other options on the block menu
(place, erase, save, and quif) are self
explanatory. The Block command can
save considerable time when working
with frequently used patterns.

The “text” command permits you fo
put text down. When working on the
component or top layer, text will ap-
pear properly, but on the lower layer
text appears as a mirrorimage. Pressing
the insert key allows you to change the
text’s direction, and return to the
workspace.

Invoking “load” calls up a dialog box
requesting a file name. You can type in
the name of a previously stored file and
hit enter to load the pattern stored in
the file.

The dialog box for the save com-
mand asks for you to assign a file name
if you have not done so already. Saves
should be performed often to prevent
losses in case of a mistake or some
other disaster.

The “zoom” command aliows you o
view the entire 6.05 X 13-inch
workspace at once. Zoom is useful for
finding your way around large patterns.
Statistics for the pattern are displayedin
this mode as well.

Executing the “clear” command will
wipe out both sides of the work area.

o, 1%} PCBoards

There is one main menu, shown here. It

contains all the commands vou’ll need 10

run the software, although there are some
dialog boxes as well.

along, there is a 14 page manual in on
the program disk, that can be printed
by typing "A:.COPY MANUALTXT PRN" at
the DOS prompt. PCBoards aiso has in-
stant on-line help. To get help on the
subject needed, press *?” then the let-
ter of the command you need as-
sistance with. To get an index of
available help topics, just press “?”
twice. The program also beeps you to
notify you if you attempt to perform any
illegal function that cannot be carried
out.

There is also a telephone number for
technical assistance. | did have to use it
one time, but the problem was my
quirky Tandy monitor. The author of the
program suggested this fix: By hitting
<Alt-F>, you can change the fore-
ground colors. By pressing <Alt-B>, you
toggle through background colors. |
not only learned how to intensify over-

the mouse with the other, | can breeze
through making printed-circuit pat-
terns.

Before you print a pattern, you will
need to place a thin or thick trace all
the way around your layout. That pre-
vents the outermost pads from being
printed incorrectly.

When printing layouts with PCBoards,
you have the choice of printing pat-
terns the original size, double size, draft,
or final artwork. For best results when
using a dot-matrix printer, choose dou-
ble size and final artwork. The printer will
make three passes and the quality in-
creases even more when the pattern is
reduced by a copy machine. The
printer driver will also prompt you for
separate upper or lower board layouts.
The grid work that you see on the
screen will disappear when printing, so
don‘t worry about that. If using a laser
printer, it is possible to print directly fo
fransparency sheefs.

By entering "DRILL” foliowed by a
PCBoards filename at the DOS prompt,
the program will create an X-Y drilling
list and print it for use in mass manufac-
turing of PC boards.

After trying several other printed-cir-
cuit board design programs, PCBoards
has become my favorite. The program
is easy to run, inexpensive, and delivers
high-quality printing for either dot-ma-
trix or laser printers. Professionals as well
as non-professionals will find this pro-
gram an effective aid in the production
of printed-circuit boards. With a com-
puter at the ready and PCBoards load-
ed up. | can easily attack the previously
dreaded task of printed-circuit pattern



