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Basic price.

uke reliability

The new Fluke Model 30 Clamp Meter: 1010 safety standard*. Every Model 30

comes complete with [(Te[sIel Fluke

LI hreliability at a basic price.

Now you can get your hands on a Ha-d Point™ TL75 test leads, a soft

. carying case,

general purpose clamp meter that measures

up to your tough standards at a basic price. a1 ausers

With the Fluke Model 30 manual. So the

Clamp Meter you can next time youneed a

HOLD . ’*

200A

single-handedly general purpose clamp meter, ask

measure 04 400A 1 your distributor for the Fluke Model 30 —

2000

ac current, plus professional quality at a basic price.

200V .

ac volts, ohms, and continuity, and see 600V - dl - Aoproval pending.

OFF ° _
the results on an easy-to-read digital display. SN ek R FLUKE Model 30
f FLUK E 30 CLAMP ‘;ETEH Function RangesiDescription
AC Current 2004/400A
The Fluke Model 30 is e e,
Ohms 20062
Continuity Beeperunder 250
enough to take a two-meter drop from a ladder e

and still deliver reliable measurements day

©1993 Fluke Corporation  P. 0. Box 9090, MS 250E,

Everett, WA USA 982(6-9090 U.S. (206) 356-5400.

Canada (905) 890-7600. Europe (31 40) 644200.

Other countries {206) 356-5500. All rights reserved. Ad No. 00458

FLUKE.

in and day out. Plus it meets UL, CSA and TUV

certification standards, and conforms to the IEC

{Shown actual size.)
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As a member of

the Electronics Book Club . ..

you'll enjoy receiving Club buletins every 3-4 weeks
that contain exciting offers an the latest books in the field—
at savings up 10 50% off reqular publishers’ prices. If you
want the Main Selection do nothing, it will be shipped
automatically. If you want another book, or no book at all,
simply return the reply form to us by the date specified.
You'll have at least 10 days to decide. Plus, you'll be eligi-
ble for FREE BOOKS through our Bonus Book Pro-
gram.Your only obligation is to purchase 3 more books
during the next 12 months, after which you may cancel
your membership at any lime.
Publishers’ prices shown.
It you select a book that counts as 2 choices, write the book number
in one box and XX in the next. If you select a Counls as 3 choice, write
the book number in one box and XXX in the next 2 boxes. A shipping/
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Electronics Now, February 1995
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J5 THe PROCAR SECURITY SYSTEM

Vol. 66 No. 2

FEBRUARY

Automobile theft is a serious problem in cities, towns,

suburbs, and even rural areas all across the country.

ply tune out the
annoying sounds
{ and ignore them
i as much as possi-
ble. The ProCar
does more than
just make noise.
Qur unique car-
theft deterrent first
sounds an alarm,
‘ and then disables
the car being
stolen. It can be

Car alarms are not very effective in preventing theft—
potential car thieves are well aware that most of us sim-

PRECISION AUDIO SIGNALS FROM YOUR PC
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Sinewave Doubler
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J

| operated remotely and offers several different security
modes, many not available in commercial systems.

— David T. Miga

As a service to readers, ELECTRONICS NOW pubiishes avaitable pians or information reiating to newsworthy products. techniques and scientific and technological
developments. Because of possible vanances in the quality and condition of materials and workmanship used by readers. ELECTRONICS NOW disclaims any
responsibility for the safe and proper tunctioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW disclaims any liability for
| ihe infringement of such patents by the making. using, or selling of any such equipment or circuitry. and suggests that anyone interested in such projects consult a

ELECTRONICS NOW, (ISSN 1067-9294) February 1995. Published monthly by Gernsback Publications, Inc.. 500-8 8i-County Boulevard. Farmingdaie. NY
11735. Second-Class Postage paid at Farmingdale, NY and additional mailing offices. Canada Post IPM Agreement No. 334103, authorized at Mississauga.
Canada. One-year subscription rate U.S.A. and possessions $19.97. Canada $27.79 (includes G S.T. Canadian Goods and Services Tax. Registration No.
R125166280). all other countries $28.97 All subscription orders payable in U.S A. funds only. via international postal money order or check drawnona U S.A.
1995 by Gernsback Publications, Inc. All rights reserved. Printed in.U.S.A

POSTMASTER: Please send address changes to ELECTRONICS NOW, Subscription Dept., Box 55115, Boulder. CO 80321-5115

‘ patent attorney

| bank. Single copies $3.50.

A stamped self-address envelope must accompany all submitted manuscripts and/or artwork or photographs it their return is desired should they be rejected. We
disclaim any responsibility for the ioss or damage of manuscripts and/or artwork or photographs while in our possession or otherwise.
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PRECISION AUDIO SIGNALS
FROM YOUR
PC

Our computer-
controiled
audio generator
costs less than
$10 to build.

— Michae! A. Covington

SINEwAVE DOUBLER
Double the
frequency of
~any sinewave
| from 10 Hz to
¥ more than 50
MHz.
— Steven D. Swift

BuiLb THis
MILLIOHM
TESTER
Connect this
super-simple
circuit to your
DMM to
measure low
resistances.
— Robert A. Heil
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HigH- aND Low-Pass ACTIVE

Aubpio FiLTiERS

Learn how they work and how to

design them for your own
experiments and projects.
— Ray Marston

CLosep-Loop CoNTROL SYSTEMS
The fundamentals of closed-loop control system design and
applications. — Dennis Eichenberg

Vipeo NEws

What's new in this fast-changing

field. — David Lachenbruch

EquiPMENT REPORT
Protek Model P3502C 20-MHz
dual-channel oscilloscope.

HarRbwARE HACKER
Scientific resource, automotive
computer basics, and more.
— Don Lancaster

Aubio UrDpATE
Setting up a home-theater.
— Larry Klein

DrawiNGg BoARD

Finish the tachometer by adding

a 3-digit display.
— Robert Grossblatt

ComMPUTER CONNECTIONS

Ten years of progress—for better or worse.

— Jeff Holtzman
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| WHAT'S NEWS

A review of the latest happenings in electronics.

predictions

The worldwide semiconductor in-
dustry will continue to grow at a
15% annual pace for the remainder
of this century and that growth will
exhibit greater stability and less vol-
atility than it has in the past, accord-
ing to Worid Semiconductor Trade
Statistics, an international statis-
tical organization composed of ap-
proximately 70 chip manufacturers.

William P. ("*Pat™) Weber, the vice
chairman of Texas Instruments who
revealed the prediction, went on to
state with certainty that electronic
components will continue to find
places in many more products that
now have little or no electronics
content

He pointed out that the inte-
grated circuit content of electronic
equipment averaged only 4% in the
1970s, but it rose to 7% in the
1980s, and approached 10% in the
first three years of this decade. That
content is expected to rise to 25%
to 30% in such products as note-
book and sub-notebook computers
this year, and it will continue to rise.
| "We believe the trend toward
| higher IC content will continue as
the worldwide telecommunications
infrastructure shifts from analog to
digital over the next few years,”
Weber declared, adding. “"Content
will accelerate again later in this de-
cade as the electronics content of
consumer products becomes all-
digital.

The Texas Instruments executive
reported that the statistical forecast
also predicted that total worldwide
IC shipments would reach $99.9 bil-
lion by the end of last year and that
they would reach $114.6 billion by
the end of this year. The report also
predicted sales of $130.4 billion by
the end of 1996, and $153.8 billion
by the end of 1997.

According to the report, the
North American market will remain
the largest in the world this year,but

|
Il Semiconductor-market
l
|

THE NEW EXPANSION OF FORD’S SCI-
ENTIFIC RESEARCH LABORATORY was
built as two building wings connected
by a 40-foot, open-air atrium.

the Asia-Pacific region (excluding
Japan) should eclipse the European
market by 1997. Metal-oxide semi-
conductor (MOS) microprocessors
and memory will continue to domi-
nate in market share with their in-
| creasing consumption for telecom-
! munications and consumer prod-
I ucts.

Sales of mixed-signal, digital-sig-
nal-processing, and field-program-
mable integrated circuits, those
devices at the vanguard of the dig-
ital revolution, are predicted to
reach $15 million by 1997.

According to Weber, the world-
wide semiconductor industry will be
required to invest more than $150
billion in the next few years to set up

facilities for fabricating devices with
0.25 micrometer or smaller ele-
ments. New generations of micro-
processors and software will permit
the doubling or tripling of memory in
each computer, and powerful non-
computer applications for memory
will emerge.

"l remember when we dreamed
that this would become a $1-billion
industry, Weber reminisced. "“Few
of us foresaw where we would be
today. But what is even more star
tling is the realization that the indus-
try is still in its infancy. When you
consider the vast opportunities for
applying electronics around the
world’ you see that the possibilities
are almost unlimited.”

Ford dedicates scientific
research facility

Ford Motor Company dedicated
a research facility last October that
it claims will help it to meet environ-
mental requirements, improve cus-
tomer satisfaction and provisions
for safety, and bring new vehicles to
market faster.

The $137-million, 175,000 square
foot laboratory was added to the
original 414,000 square foot struc-
ture.t is part of the automaker's
720-acre research and develop-
ment complex in Dearborn, Michi-
gan. That complex consists of more
than 150 laboratories that include
28 dynamometers, anechoic cham-
bers, computer facilities, fiber-optic
communications links, a scientific
and technical library, and office
space for more than 600 em-
ployees.

About half of the research con-
ducted at the complex of laborato-
ries is focused on environmental
protection and pollution control. Ex-
isting research programs are de-
voted to atmospheric chemistry,
investigating advanced catalysts,
the development of lightweight au-
tomobile body structures, and the

Continued on page 29
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Cash back on any
TekMeter. See your
distributor today!

Offer axpires December 31, 1994

TekMeter can show you the answer
before you even know the question.

TekMeter™ is the new handheld instrument from remain free to probe more accurately and safely.
Tektronix that combines the functions of a DMM and Especially in small places.
an oscilloscope. It’s practically “auto everything” Weighing barely 2 pounds, TekMeter includes a host
Which in the service business means you’ll get the of features like cursors and spike detect that improve
answers you need faster than ever before. your ability to maintain and troubleshoot a wide range

It’s easy. Just connect the probes. TekMeter finds of equipment. TekMeter can even capture  SSEESn
the signal then makes the correct scope or DMM set- incoming line voltage spikes and sags, , =y
tings to display voltage, current or waveforms in the measure voltage and current simulta- TEKTOO!L

most meaningful way. What’s more, your hands neously, compute true power, and more.
- - All automatically. For as little as $875*
. TekMeter is the answer you’ve bzen looking for.
. ' ' . . . Contact your local authorized Tektronix distributor
CHECK OUT THE ENTIRE TEKTOOLS™ LINE FOR ALL YOUR MEASUREMENT NEEDS. today, or call 800-426-2200, ext 299,

-
*Suggested retail price. model THM 550 © Copyright 1994, Tektronix, Inc. Ali rights reserved. TekMeter, TekTools, and Tektronix are trademarks of Tektronix, Inc. DPW-284597-1 'I'ektronlx
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What's new in the fast-changing video industry.

DAVID LACHENBRUCH

e TV screen info service.
Scheduled for debut as a nation-
wide service this fall is VideoGuide,
which combines some features of
teletext with an on-screen program
guide. Like StarSight and other sys-
tems designed to help viewers navi-
gate the 500-channel TV future,
VideoGide provides an on-screen
program grid, permitting the viewer
to tune in programs by manipulating
an on-screen cursor and to set a
VCR to make future recordings on
the basis of the name of the pro-
gram. Also like StarSight, it pro-
vides a synopsis of each program
episode at the push of a button.

StarSight so far is being offered
as a feature in some Zenith and Mit-
subishi TV sets. Deals are pending
with most other TV makers, and a
Magnavox-brand set-top box will be
offered in the future. Unlike Star-
Sight, VideoGuide will be aimed pri-
marily as an add-on feature and sold
through retailers at less than $100.
A unigue feature of VideoGuide is
that in addition to the program
guide, it can deliver an up-to-the-
minute on-screen newspaper,
sports scores, and stock-market
data. While StarSight uses data fed
to TV network and cable via the
television picture’s vertical blanking
interval (VBI), VideoGuide uses the
nationwide paging network of Bell-
South to transmit data directly to TV
sets.

The VideoGuide set-top box
comes with a simple four-button re-
mote that can operate the TV as
well as the box. It contains an in-
frared transmitter to activate a VCR
for automatic recording and a short
antenna to pick up RF information
from BellSouth's network. Like
StarSight, the system depends on
subscription revenue. VideoGuide's
rates are competitive with Star-
Sight's—S4.99 monthly for pro-
gram information and VCR tuning
only, with other services such as
sports scores and highlights and
news at an additional $1.99 each,

Representative of the new generation of multi-function computers, Compagqg’s Presario
PC also serves as a television, stereo, and home telephone system.

but with discounts if the service is
ordered for a year at a time.

One striking aspect of Vid-
eoGuide is the excellence of its
graphics, which appear on the TV
screen to have high resolution. The
program grids are color-coded for
easy selection, and the screen con-
tents can be scrolled horizontally
and vertically. Network insignia
{such as the NBC peacock) are in
full color, as are graphic icons for
sports scores, etc.

VideoGuide and StarSight are
just two of the many planned sys-
tems that make TV sets more like
computers. They are coming at a
time when computers are becoming
more like TV sets.

® Whenisa TV nota TV? When
it's acomputer. That's the attitude of
computer manufacturers, who in-
creasingly are giving home PCs TV-
tuning capability. Virtually every
computer maker, from Apple to
Packard Bell to Compagq to IBM to

WwWWW americanradiohistorv com

NEC., now offers or plans to offer
computers with TV-tuning ca-
pability. This is becoming easier as
semiconductor manufacturers in-
creasingly offer TV tuners-on-a-chip
to computer manufacturers.

The computer—TV combination is
causing a quandary among govermn-
ment regulators, because of some
very specific requirements imposed
on television sets by federal law. As
far as we can determine, many com-
puter manufacturers are completely
unaware that adding TV-tuning ca-
pability might subject them to those
regulations.

There are three very basic re-
guirements for TV sets, two im-
posed by acts of Congress and one
by regulation with force of law: All
TV receivers must be able to tune all
broadcast channels, UHF, and VHF.
All TV receivers with screen sizes
13 inches and larger in viewable di-
agonal must contain closed-caption
decoders. TV-receiver screen sizes

Continued on page 25
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“Electronics Workbench — As an

affordable tool for performing

design trade-offs, you can't beat it.”

MA. Chapman
Oceanside, California

Electronics Workbench gives you the freedom
to quickly translate your design concepts and
specs into a workable circuit. Fine tune
effortlessly. Play ‘what if’ scenarios. And monitor
the circuit response. The simulated components
and test instruments work just like the real thing.

File Edit Circuit Window Help |  Bode | 3 T el
batr-rf.cal Parts |0
*
iad = -] _Gaterfi @
r e o b Digital Module: Analyzing a logic circuit.
1 [+ e
- Eg o @ With a full complement of professional test
free F—1 e A instruments and an unlimited supply of
L ~l=— ) L} components,it’s the ideal proving ground for
4 - — ) :
1 ] I - < your design concepts. Electronics Workbench
10K o2 0 POSMF sy 9 QOSMF L
i uts you in control. Guaranteed!*
=] Bode Plotter # The standard for simplicity and power for over
B move  [Rauniivoe [Pmase] €3 six years, Electronics Workbench is the most
" ¥ popular tool of its kind. It has gained
o _de x worldwide accliim as the ideal complement
s © to any test bench. Fact: Over 90% of our
\\\ EE_E L% customers recommend it to their
— e — ——1 _Lj ISfin@ ) j> friends and colleagues.
I 1 3 ]

Analog Module: Tuning an RF front end.

w Electronics Workbench

The electronics lab in a computer™

Call: 800 263-5552

* INTERACTIVE IMAGE TECHNOLOGIES LTD.
ust $299

908 Niagara Falls Blvd. #068, North Tonawanda, NY 14120-2060 PP
NYY

Telephone: (416) 361-0333 FAX: (416) 368-5799

For DOS, Windows or Mac Version. SANYY ,_ .
- 2 *30-day money-back guarantee. ::-;E et iz
V.--,SA B - Prices in U.S. dollars, shi i MicRosor )
- .S, , shipping $15. Offer valid in U.S. and Canada only. “K
L ‘ All trademarks are the property of their respective owners. ot st INTERACTIVE
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TECHNOLOGY UPDATE

World's first wireless home theater

system makes professional-quality
surround sound affordable. ..

Now you can add surround sound to your home entertainment lineup
with the amazing new Chase Technologies decoder that works with
your existing stereo and an assortment of wired and wireless speakers.

by John Lindner

et’s face it. As much fun as renting a
L video can be, it's just not the same as

seeing a movie in a theater. I remember
the first time I saw Jurassic Park—1I nearly
jumped out of my seat when the dinosaurs
roared. One of the reasons movies seem so
real is because surround sound makes it seem

The secret of surround sound

Surround sound has become the rage of the
‘90s because it adds depth and realism to
stereo sound, giving you the home theater
experience. In short, it makes you feel like
you are actually at a concert a theater.

To get surround sound, some people
have tried simply adding additional speak-
ers to their home entertainment lineup. But
it takes more than additional speakers to get
surround sound; there needs to be a way of
separating the original signal into distinct
channels so that you're not just duplicating
the same sounds and broadcasting them
from different areas of the room.

The new Chase Technologies HTS-1 sur-
round sound decoder does just that, and in
a revolutionary way that rivals the best Dolby
Pro-Logic and THX systems available.The
HTS-1 provides five channels of sound from
any two-channel stereo source.

The HTS-1 works with a variety of speak-
ers. In the front, you can use your existing
stereo speakers. For the rear, choose from
inexpensive wired speakers, high-quality
wireless speakers, or even an audiophile-
quality wireless satellite subwoofer system.
The HTS-1 also gives you the ability to add
a powered center channe! speaker (instead
of using your TV’s built-
in speaker).

like you’re actually there when events are hap-
pening. Now there’s an incredible new device
that lets you use your stereo receiver to get
that same surround sound in your home.

The secret’s in the signal, To get sur-
round sound, you need to do more than sim-
ply add extra speakers. There needs to be a
way of separating the signal from the musi-
cal score or movie soundtrack into distinct
channel for each speaker. The new Chase
Technologies HTS-1 surround sound decoder
does just that, and in a revolutionary way that
rivals the best Dolby Pro-Logic and THX sys-
tems available today.

Wins over critics. In the September 1994
issue of “High Performance Review,” noted
audio critic Daniel Kumin said “the HTS-1 can
do quite a job of recreating a 3D theatrical ex-
perience...surround effects emanated with sat-
isfying fullness...sound was clean at any
level...with quite involving
and natural sound ambience.”

Plus, John Sunier, a leading
authority on surround sound
and producer of Audiophile
Audition, a nationally syndi-
cated radio program for au-
dio enthusiasts, says, “...the
new Chase HTS-1, when used
to decode the hidden ambi-
ence in all musical recordings,

The new HTS-1
decoder won
the Design and

Engineering  definitely outperforms all the
Awardatthe  Dolby and THX processors
(E::::::Jor:iecrs (which could cost you up to
Show for being $3,000)...I am impressed!

one of the Decoding breakthrough.
best and most Last year, audio industry vet-
Innovative eran Bob Rapoport invented a

new five-channel “passive”
circuit for decoding the Dolby
Surround™ signals in every stereo, videotape
or laserdisc. This passive method is superior
to active decoders such as Dolby and THX be-
cause it requires no AC current to decode. As
a result, you experience more clarity, more de-
tail, and a greater sense of space. Plus, you
won’t experience the noise or distortion which
can occur with active decoding methods. You
don’t need any extra amps! Just connect the
HTS-1 to your stereo, add your speakers, and
you'll experience the magic of home theater
at a fraction of the cost of other systems.

new products.

wwWwW americanradiohistorv com

Five channel options. The HTS-1 decoder
can be used with two, three, four or five chan-
nels of amplification, making it the most cost
effective method for upgrading your stereo
system to full home theater performance on
the market. Best of all, the HTS-1 works with
a variety of hard wired and wireless speakers.
In the front, most people use wired stereo
speakers. Use your existing stereo’s speakers
or use one of a variety of wired speakers.
Comtrad also offers the Chase Dialog center
channel speaker. If your front speakers are
more than eight feet apart,
adding a center channel
speaker will help keep
voices and sound effects
centered on the screen for
stunning localization and
clarity. The Dialog is self
powered and video shield-
ed to prevent interference
with your television set.

The Chase HTS-1
decoder is

the most cost-
effective method
for upgrading

an existing
stereo system to
full home theater
performance

on the market.
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The pew Chase Technologies HTS-1
surround sound decoder gives you
tHe option of using either tradition- =
al wired speakers like the Chase
ELF-1s, or using wireless speakers
or a wireless satellite subwoofer
system for additional convenience
and enhanced sound quality.

Wireless freedom. When it comes to rear
speakers, you can again choose standard
wired speakers like the Chase ELF-1s. But if
you want to avoid the hassle of running speak-
er wire up and down walls, behind furniture,
and under carpet, you can add the freedom
and convenience of wireless speakers.

Recoton wireless speakers utilize a trans-
mitter which broadcasts sound signals up to
150 feet through walls, floors and ceilings. The
speakers can be placed anywhere; they plug
into a standard electric outlet. This climinates
the need to have wires running from the stereo
to the speakers, which can be a nuisance with
surround sound since the rear sprakers are
often elevated or wall mounted.

Affordable option. Recoton’s W440 speak-
ers allow you to add wireless rear channel
speakers without compromising the sound
quality that wired speakers deliver. Each self-
amplified speaker contains a two-inch tweet-
er and four-inch woofer. They deliver 10 walts
per channel for strong, clear fill sound. Their
compact design (9" high x 6" wide x 5.5" long),
make them the perfect bookshelf-sized com-
panion to your home entertainment set up.

Speaker Options
Wired Speaker Options

Front Speakers: The Chase HTS-1 surround sound decoder can utilize
your existing stereo speakers, or any of a varlety of wired speakers avall-
abie through Comtrad or your local electronics dealer.

Center channel speaker. If the front speakers
are more than eight feet apart, adding a cen-
ter channel speaker wiil keep voice cues
centered on the screen. We offer the Dialog.
It Is self-powered and video shieided to pre-
vent interference with Tvs. Dialog $75 $8 S&H

Rear channel speakers. We recommend the
quality Chase ELF-1 In elther white or black
for Inexpensive rear channel speakers.
Mount them with the enclosed color-matched
mounting brackets or flush mount them on
the wall. ELF-1 ........... $99/pair $10 S&H

Wireless Speaker Options

(] |
T

Rear channel speakers. Recoton W440 wire-
less speakers are the perfect option for
people who want quality stereo rear chan-
nel speakers without having to run speaker
wire. Their two-Inch tweeters and four-inch
woofers deliver 10 watts per channel—clear,
strong stereo fili sound. The speakers work
up to 150 feet from the transmitter without
loss of sound quality. Tx1000 transmitter
(works unilmited speakers) ... .. $69 $7 S&H
waso wireless speaker (each) .. ..$89 $9 S&H

Get the Chase HTS-1 half off (549) when you buy the W440 speaker system!

Rear channel speakers. For true audio-
phtie-quality rear channel speakers,
we offer the Recoton wireless satellite
subwoofer system. This first-of-Its-
kind system combines a 10-Inch rear-
firing subwoofer with a pair of 25-watt
satellite speakers. The subwooter pro-
vides that distinctive “low-end punch”
that you feel in movie theaters, while

-

the satelites are designed to coincide

with surround sound processor specifications balance per-
fectly with the front speakers. whHta7o transmitter ... $69 $7 S&H
wHT421 wireless 50-watt subwooter .. .......... $299 $24 S&H
WHT462 pair of wireless 25-watt satellite speakers $329 $24 S&H

Get the Chase HTS-1 FREE when you buy the sateliite subwoofer system!

Audiophile quality. For the true stereo en-
thusiast, we offer the Recoton self-amplified
wireless satellite subwoofer system. The satel-
lite speakers in the system each bolster 25
watts of clean, distortion-free sound. The sub-
woofer adds a whole new dimension to your
home theater with its 50-watt amplifier that’s
capable of creating enough rumble to make
you feel like you're in the

The Recoton middle of an earthquake.

wireless sub-
woofer’s 50-watt
10-inch speaker
delivers thunder-
ous bass that
adds depth and
realism to the
surround sound
experience.

Even the most discrim-
inating surround sound
enthusiast will be en-
gulfed by the abundant
power and delighted with
the full-range, first-rate
sound from these black
oak vinyl veneer speakers.

Easy to install. Every
speaker option offered by
Comtrad can be easily in-
stalled with the HTS-1in a
matter of minutes. Just
connect the speaker out-
puts of your receiver or
amp to the HTS-1, then

wwWw americanradiohistorvy com

connect speaker wire to the front and rear
speakers. When using wireless speakers, con-
nect the transmitter to the output. One trans-
mitter will broadcast to each wireless speaker.

Risk-free home trial. The best way to eval-
uate surround sound is in your home—not a
showroom. That's why we're offering, the 30-
day risk-free home trial. Try these products in
your home and if you're not delighted with
the the surround sound experience, return
them for a full “No Questions Asked” refund.

HTS-1 surround sound decoder........ $99 $10 S&H
Please mention promotional code 711-ET-1106.
For fastest service call toli-free 24 hours a day

800-704-1211

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

INDUSTRIES

2820 Waterford Lake Drive, Suite 106
Midlothian, Virginia 23113
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Write to Q & A, Electronics Now, 500-B Bi-County Blvd., Farmingdale, NY 11735

NEON POWER

Someone gave me several
small neon bulbs that have
flowers and other designs on
them. I'd like to use them in
some novelty projects | have in
mind and power the circuits with
batteries. Can you tell me what
to do to light the bulbs?—F.
Gish, Hunter, NY

Neon bulbs have modest current
requirements, so it's possible to
light them with a low-voltage DC
supply. However, not all neon lamps
work well when powered with an
AC-like supply converted from DC.
You might have to experiment with
this circuit to tight your bulbs.

Most small neon bulbs can be lit
with the circuit shown in Fig. 1. The
success you'll have with this circuit
depends on the bulbs you have. A
neon bulb needs about 90 volts of
AC to light, so the 555 timer is set
up as an oscillator running at about
300 hertz. The voltage swing at the
555 output is a bit less than the
power supply rails, so the trans-
former steps it up to the voltage
required by the neon bulb.

I'm using a typical audio output
transformer wired backwards so it
provides enough voltage across the
secondary to light a small neon
bulb. Remember that the circuit

does not produce the “clean™ AC
you can get from an AC wall outlet.
The bulb "sees” a pulsing DC volt-
age that should be high enough to
light it.

Even though the circuit is sup-
plied with only 9 volts DC, don't
forget that there's a lot more voltage
than that at the secondary of the
transformer. Voltage that can light a
neon bulb can also “light up” parts
of your anatomy. Treat the circuit's
output voltage with the same re-
spect you'd give 120-volt AC.

If the neon bulb flickers or
doesn't light at all, you can try lower
ing the frequency of the 555. If
nothing you do to the circuit will light
the bulb, consider powering your
novelty circuit from an AC wall outlet
and a suitable step-down trans-
former, since it's more than likely
that the bulbs you have need higher
quality AC voltage to work properly.

DISK ERRORS

| use a genuine IBM computer
at the office and a PC clone for
myself at home. | installed a 3%2-
inch diskette drive in my home
computer because | wanted to
be able to take files home from
the office. Often | find that the
disks from the office are unread-
able on my home computer—
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FIG. 1—MOST SMALL NEON BULBS can be lit with this circuit.
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they work fine at the office but
give me “general failure” errors
at home. The problem doesn’t
always occur, so | have no idea
what’s causing it. Do you?—D.
Bernard, Santa Fe, NM

One of the phrases you never
want to hear when someone is tell-
ing you about a computer problem is
that "'it doesn't happen all the
time.” An intermittent problem is
the hardest kind to solve. For-
tunately, | have a good idea about
what's causing your difficulty. If it's
what | think it is, the cause is your
office PC, and not the one at home.

You didn’t specify the models,
but I'd be willing to bet that the of-
fice PCs are either PS/1 or PS/2
models, and probably fairly old ones
at that. The reason why you're hav-
ing the problem can be better under-
stood by looking at a high-density
3%z-inch disk.

There are two holes on the top of
the disk. The one with the sliding
cover is the write-protect indicator.
Close up the hole and you can write
to the disk—open it and the disk is
then write-protected. The second
hole, the one on the other top cor
ner, is used by most drives to deter-
mine whether the dis« is double- or
high-density. The drive has an LED
emitter-detector pair that straddles
the hole. If the detector sees the
light from the LED, the computer
knows that it's a high-density disk. If
the light is blocked (no hole), the
computer knows that it's a double-
density disk.

This detection scheme is unique
to 3'e-inch disks, and the report it
sends back to the computer takes
precedence over any other detec-
tion schemes that might be part of
the operating system. Some early
IBM computers had 3'2-inch drives
that didn’t have this LED detection
mechanism. The choice of high- or
low-density disks was solely a func-
tion of the operating system. For
what it's worth, besides not having
this detection hardware, the drives
had other problems as well, includ-
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ing a high failure rate.

What's going on in your case is
that you're using double-density
disks that have been formatted as
high-density disks by your office
computer. When you put one of
them in the drive in your home com-
puter, the drive reports back that it's
a double-density disk. But since it
was formatted as high-density, it is
then unreadable.

The way around this problem is
either to format all your disks at
home (both high- and low-density),
or be sure to format only double-
density disks at the office. In light of
all this, it's interesting to speculate
whether there's any real difference
between high- and low-density
disks. There's supposed to be a dif-
ference between the two media, but
this makes one wonder how true
that really is.

LIGHT CONTROLLER
INTERFERENCE

I have some automatic light
controllers that were bought at
Radio Shack, and | think they’re
causing problems with my radio
reception. At dawn and dusk,
the controllers will turn my
lights off and on. Every time
they work, they cause static on
my radio. The problem is mostly
on the AM band. How do | cor-
rect this?—R. Creed, Dallas, TX

70 CONTROLL ER
OR T R4D/O

K
K
Ope F .L SOl F

7O AC HALL PLUG

FIG. 2—ELIMINATE RFI SPIKES from the
AC power line with this simple capaci-
tive filter.

Since | assume you're locked into
the idea of using these controllers
for your lights, this might be one of
those problems that can't be solved
completely. The reason for this is
simply that these controllers are

Continued on page 20

Measure It AIl!

The DMM/LCR Meter/
Frequency Counter. All in One.

roubleshoot down to the
T component level — any

component! Verify poorly
marked parts, test for toler-
ances and damage. Wavetek’s
new DM27XT is not only a full-
function DMM, but also
includes complete inductance,
capacitance, and frequency
measurement capabilities.

¢ Wide LCR range:
10 Q to 2000 MQ
10 pF to 2000 pF
100 pH to 20 H

¢ Autoranging frequency
meter 10 Hz to 20 MHz

¢ Ac and dc current to 20 A

* Logic test, diode test, max
reading hold, continuity
beeper, input warning
beeper, fused input
protection, battery saver

Consolidate your test bench with
one meter that does it all —
Wavetek’s high-performing,
full-function XT Series DMM.
It's all in one compact, rugged,
field-ready package with a big
0.7-inch, 31/2-digit display.
Insulated probes and alligator
clip leads are included, and
there is a huge selection of
accessories, including current,
if and HV probes, temperature
converters, holsters, and cases.
Ask for Wavetek DMMs. They're
the meters to pick when you
have things to fix.

119%

Other XT Series DMMs from $89.95

U.S.A.: (619)279-2200
Europe: (44/243) 531323
Asia Pacific: (852)865-1903
©1993 Waverek Corporation

CIRCLE 98 ON FREE INFORMATION CARD
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SOLVING THE RESISTOR CUBE

I read the article, “Solving the Re-
sistor Cube” (Electronics Now, De-
cember 1994) with much interest. |
enjoy solving puzzies, and this elec-
tronic puzzlement grabbed my at-
tention.

Fig. 1 shows the resistor cube as
the author labeled it. I'd like to offer
a simpler solution to the complex
puzzle. Because all the resistors are
equal in value and the cube is sym-
metrical, the following simplification
may be made:

The voltages across R1, R2, and
R3 are equal, as are the voltages
across R10, R11, and R12. There-
fore, choosing any reference, the
voltages at points B, C, and D would
be equal, and it follows that the volt-
ages at points E, F and G would also
be equal.

“Share's Shorting Law’ states
that all points of a circuit having the
same voltage can be shorted to-
gether because no current can flow;
therefore, no changes in the circuit
(current or voltage) will occur. That
allows a great simplification. of the
circuit to the one shown in Fig. 2.

Now it is a simple circuit to ana-
lyze for resistances, currents, and
voltages. To find total resistance
(Ry) from point A to point H, Fig. 2
reduces further to a series circuit,
shown in Fig. 3.

Thus, using the author’s last ex-
ample of 100-ohm resistors and 25
volts (Eg) applied between A and H,
Rr = sBR+%R = 5 R, so Ry =
%R or 0.833 R. If all the resistors
(R) are 100 ohms, then from the
preceding equation Ry = 83.3
ohms and |1 = Eg/Ry. so Iy = 300
milliamperes. Other voltages and
currents can be solved similarly with
the simple circuits of Figs. 2 or 3.
DAVID SHARE
Monrovia, CA

ANOTHER LOOK AT OPERATING
SYSTEMS
| read Jeff Holtzman's *'Computer
Connections” column on operating

FIG. 1
o4
A'AVAV
RE
y &4 M- /0
AAA y-3 26 } /= AAA,
R2 WA — 4
§ Av‘v‘v — 7 = "v‘v‘v l‘(’)/
R3 MWy
A L 28 G AAA
DAL
RT
M
FIG. 2
All of these developments are
A f=mR BR H driven by the push to high-resolu-
o B,C,D £,F,G tion color graphics and hi-fi stereo
=N sound. The public wants it because

systems (Electronics Now,
November 1994). For a person who
first started using personal comput-
ers when most had eight-bit micro-
processors, the size and complexity
of today's crop of programs is amaz-
ing, astounding, formidable, and
mindboggling. Even more surprising
is the fact that the cost of the hard-
ware and software is about the
same as it was a decade ago.
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humans are genetically pro-
grammed to respond to graphics
and sound. The recent (less than
15,0000 years) add-on skills for
reading, writing, and arithmetic—
the original data-compression and
data-transmission methods—are
non-jintuitive and more difficult for
humans to learn.

With the computer and digital
multimedia transmission, we can go
back to the good old days before
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paper and printing, when informa-
tion was dispersed by storytellers,
cave paintings, and minstrels.

The disparity in program size,
then and now, emphasizes the old
saw that what is easy for ahuman to
comprehend is hard for a computer
to comprehend, and vice versa.

By one definition, the term oper
ating system (OS) applies to the
entire package sold by the vendor.
By anocther, it applies only to the
active code that controls the com-
puter and interacts with the com-
puter user. You can call this the
Working Operating System, or
WOS. This confusing definition is
typical of computer definitions
where one word can have many
meanings, or many words have the
same meaning.

The utilities usually included in
the OS were supposed to aid the
purchaser in setting up and config-
uring his system. | think they were
deliberately half-baked so that sys-
tem vendors would not compete
with their future clients, the program
vendors.

A decade ago, we were happy if
the OS just interacted with the con-
sole, printer, modem, and disk files.
Now that the hardware has the
power of a mainframe computer, the
OS has the attributes of an ad-
vanced mainframe system, includ-
ing such features as Virtual
Machine (multiple operating sys-
tems), networking, telephony, multi-
media.

Programs that have those fea-
tures now give small businesses
and professionals the same com-
puter power that was once available
only to large corporations. For the
home, the future role of the comput-
er, in addition to performing its tradi-
tional applications, is that of a node
on the information highway. It will
replace the telephone, fax machine,
cable television, and game ma-
chine.

After sitting through a two-hour
session that demonstrated the op-
tions for setting up the DOS win-
dow in OS/2, | realized that
configuring these new operating
systems was not a task for mere
mortals. The winners in all this pro-
gress are consultants and value-
added resellers.

The loser is the computer hob-

byist, especially the beginner. The
OS in the Kaypro Il (@ “portable”
computer of a decade ago) takes
110 pages of assembly code, 70
pages for the CP/M 2.2, and 40
pages for the BIOS. Source for lan-
guages (both assembler and high
level), OS clones, and modem, edi-
tor, BBS, and utility programs are
available. Their length is measured
in kilobytes.

Try that today. True, there are pub-
lic-domain Unix operating systems
and C+ compilers, but can a non-
professional really wade through
multi-megabytes of code? That is
why a number of hobbyists are re-
discovering the eight-bit systems
and early IBM personal computers.
They are understandable, inexpen-
sive, and fun.

WALTER J. ROTTENKOLBER
Mariposa, CA

BATTERY BACKUP CORRECTION

| noticed an error in the Sep-
tember 1994 “"Q&A" column. Figure
1, the battery backup schematic,
should show the negative end of the
1F capacitor going to ground, and
not to the battery.

Battery B1's voltage should be
2.4 to 3.6 volts. The available supply
voltage will be 0.6volts less be-
cause the diode voltage drop must
be considered (Schottky diodes
have lower voltage loss).

The protected memory, which
must be CMOS static RAM, should
be chosen so that its minimum oper-
ating voltage is maintained (refer to
the manufacturer’s data sheet).

I'd like to point out that nickel-
cadmium batteries are a poor
choice for memory backup sys-
tems. They have poor long-term
characteristics in no-load, constant-
charging applications, and you can
expect only a moderate battery
life—one to three years.

| recommend using a Super Cap
(gold capacitor), which is a high-val-
ue (0.47 to 1.0 F), low-leakage ca-
pacitor that is designed for RAM
backup. It can be purchased for just
a few dollars from Mouser, Digi-Key,
and other mail-order electronics dis-
tributors. Be sure to get a data
sheet which will show the required
charging circuitry.

THOMAS E. BLACK
Folsom, CA 0
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Earn Your B.S. Degree
in
COMPUTERS

or
ELECTRONICS

By Studying at Home

Grantham College of Engineering,
now in our 44th year, is highly experi-
enced in “distance education”-—teaching
by correspondence-—through printed
materials, computer materials, fax,
modem, and phone.

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

Our Engineering Technology B.S.
Degree Program is available in either of
two options:

(1) The BS.E.T. with Major Em-
phasis in Electronics, OR

(2) The BS.E.T. with Major Em-
phasis in Computers.

Our Computer Science B.S. Degree
Program leads to the B.S.C.S.—the
Bachelor of Science in Computer Science.

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

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

Accredited by
the Accrediting Commission of the
Distance Education and

Training Council
GRANTHAM
College of Engineering

Grantham College Road
Slidell, LA 70460
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What Do These Prestigious

Companies Have In Common?

Aerovox:

DC Film and RF Suppression Capacitors, Aluminum

Electrolytic and AC Oil Capacitors, EM! Filters

ARNP

Electrical/Electronic Connectors, IC Sockets,
P(B Switches

/ SM
RAD Engineering. Inc.

Motor Run Capacitors, HID Lighting Capacitors,
Power Factor Correction Capacitors

A=

Miniature and Subminature Coaxial
Connectors and (able Assemblies.

AL CORPORATION

245700 1R GROUP [ OMPAN®

ML, Tantalum and Thin Film Capacitors, Resistors,

Networks, Integrated Passive Components,
Trimmers, Oscillators, Resonators, Filters, Piezo
Devices, and Connectors

ELECTRONICS

High Density and Industry Standard
Connectors/Subsystems

CAROL

CAROL (481 ¢ COMPANY INC
Electronic and Electrical Wire and Cable and
Power Supply Cords

./ P

24

Tubing, Conduits, Hose. Sleevings, Splices,
Insulation and Cable Harness Products, Power
Cords and Cordsets

." Communications

Instruments, Inc.
CI Midtex

Relays and Solenoids

coofer

Bussmann
Fuses, Fuseholders. Fuse Blocks, and Fuse
Accessories

CORNELL
DUBILIER

Capacitors-Aluminum Electrolytics, Mica,
AC Oil, Film, MICA Paper and Relays

A COMPANY OF

.,

. oALs

Dale Electronics, Inc,

Resistors, Networks, Oscillators, Displays,
Inductors, Thermistors, Connectors, &
Transformers

@ DIAYNFIFCAN LAY
INDUSTRIES. INC.

Batteries: Computer, Cordless Phone, Laptop,
Scanner, Alarm and Medical
Antennas:  Cordless Phone and Scanner

WIRE AND CABLE L.P

- l
Eaton Corporation, Commercial

& Military Controls Operation
Switches, Relays, Displays and Keyboards

I\
ELECTRONICS

Quartz Crystals, Clock Oscillators, Surface Mount

Products, Programmable Devices

A
GERNSBACK

PUBLICATION
Tonular Eectronkcs

Electronics Now Magazine

@ GUARDIAN

Refays and Solenoids

—
Electronics Corporation

Multilayer Ceramic and Solid Tantalum
Capacitors

CONN sPEER

Resistors, SMT Tantalum Capacitors Inductors,
Resistor Networks, SMT Thermistors

MALLORY

North American Capacitor Company

Tantalums, Aluminums, SonaltertsR Ceramics,
Films and AC's

l\%'tron

Quarz (rystal
Hybrid Oscillators

®

multata

Fixed Ceramic Capacitors, Variable Capacitors and

Resistors, Crystal Oscillators, Ceramic Filters,

Resonators, EMI Filters, Hybrid Circuits and more.

Panasonic

Industrial Company
Resistors, Resistor Networks, Ceramic, Film,
Electrolytic, Double Layer Capacitors,
Potentiometers, Switches, Inductors, Filters,
Resonators, Varistors, Thermistors

Philips Components

Phibips Electronics North America Corporanon

Resistors, Ferrite Components

Alluminum Electrolytic, Film & Ceramic Capacitors

They sell
throush
clistrilzutors,

They belong
torthe IE.1.A.

They belong
O YOLr
vencor list,

Quam

Loudspeakers and Commercial Sound Products

Rohm Electronics Division

Resistors, Ceramic Capacitors,
Transistors/Diodes, Opto Components and IC's

=Selecia

Switches, Relays, Terminals, Indicator/Pilot
Lights, LED Indicators, Test Clips, Test Leads,
Cable Ties and Heat Shrinkable Tubing

4 COMPANY OF

SPRAGUE
v

Tantalum Capacitors, Wet & Foil Capaitors,
Resistor Networks, Resistor Capaditor
Networks, Filters

A Raytheen Company

Switches, Connectors, Jacks, Plugs, Jackfields &
Audio Accessories, Cable Assemblies
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Leadership in electronics is not
just a matter of designing
products better and
manufacturing them better, but
also of marketing them better.
And the sponsors of this
message understand that better
service to customers requires
effectively involving distributors
as part of their marketing
teams.

Distributor involvement means
lower prices, quicker deliveries,
better service over-all. The
Buyer wins...the Seller wins.

Distributors help achieve
marketing leadership. So does
the manufacturer’s involvement
in the Components Group of
the Electronic Industries
Association. EIA fosters better
industry relations, coherent
industry standards, and the
sharing of ideas, which helps
one another and serves
customers better.

in choosing your component
supplier, fook for the marks of
leadership--

availability through distribution
membership in E.LA.

Our

70th
Anniversary
Year

Electronic Industries
Association/Components Group
2001 Pennsylvania Avenue, N.W..
11th Floor

Washington, D.C. 20006

Phone: (202) 457-4930

Fax: (202) 457-4985

Committed to the competitiveness
of the American electronics
producer.
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SHIPPING

AFFORDABLE - HIGH QUALITY
2 YEAR WARRANTY

STANDARD SERIES
$-1325 25MHz $349
$-1340 40MHz $495
$-1365 60MHz $849

Features:
W High Luminance 6" CRT
B 1mV Sensitivity M2 - x1, x10 Probes
W X-Y Operation W Complete Schematic
W Voltage, Time, + Frequency differences displayed
on CRT thru the use of cursors (S-1365 only)

M Plus much, much more

B TV Sync

24 HOUR ELENCO ¢ HITACHI « B&K PRODUCTS
GUARANTEED LOWEST PRICES

ELENCO OSCILLOSCOPES

DELUXE SERIES
$-1330 25MHz $449
$-1345 40MHz $575
$-1360 60MHz $775

Features:

W Delayed Sweep

W Automatic Beam Finder
B Z Axis Modulation

B Built-in Component Test
Plus all the features of the “affordable” series

¥ Dual time base
5 llluminated internal
gradicule

TO ORDER
CALL TOLL FREE

1-800-292-7711

1-800-445-3201 (Can.)

Hitachi Compact Series Scopes

V-212 - 20MHz Dual Trace _ $399
V-525 - 50MHz, Cursors _____ $995
V-523 - 50MHz, Delayed Sweep $949
V-522 - 50MHz, DC Offset _____ $895
V-422 - 40MHz, DC Offset $795
V-222 - 20MHz, DC Offset . $649
V-660 - 60MHz, Dual Trace $1,149
V-665A - 60MHz,DT, w/cursor $1,325
V-1060 - 100MHz, Dual Trace $1,395
V-1065A - 100MHz, DT, w/cursor $1,649
V-1085 - 100MHz, QT, w/cursor $1,995
V-1100A - 100MHz, Quad Trace $2,495
V-1150 - 150MHz, Quad Trace $2,895

B&K OSCILLOSCOPES

2120 - 20MHz Dual Trace
2125 - 20MHz Delayed Sweep $539
15418 - 40MHz Dual Trace $695
2160 - 60MHz Dual Trace, Delayed Sweep,
Dual TimeBase_  $949
2190 - 100MHz Three Trace Dual Time Base,
Delayed Sweep $1,395
2522A - 20MHz / 20MS/s Storage __ $875

$389

Digital Capacitance Meter | . Digital LCR Meter Digital FLUKE MULTIMETERS
— (;M-E1|5508 = LC-18my “T—  Multimeter | scopemeters (All Models Available Call)
i y Elenco $125 & DVM-638| Model93  $1,225.00 70 Serles
$58.95 Measures: $39.95| ModelsS  §1549.00  Model 70I $65.00
e Coils 1uH-200H Are | Model97  $1795.00  Model 771! $149.00
1oi200000me Caps .1pt-200f unctons @ | 10 Serles Model 791l $169.00
* S Res .01-20M Model 10 $62.95 80 Serles
Big 1 Display  Zero control w/ Case | Big 1- Display by Elenco Model 12 $79.95 Model 87 $289.00
12A DC Power Supply Quad Power Supply XP-580 B&K 390 Dual-Display LCR Meter
; B+K 1686 by Elenco $139 w/ Stat Functions
$169.95 3-3/4 Digit DMM B+K 878
3-14V @ 12A Bargraph $239.95
=0 o e g FI:EE}:;:; Auto/Manual Range
ully regulated & protected 20V 5V @ 3A Many Features
S_eparate volﬁ & current meters $7995 2 32\/ g 3: 5V @@;)5;\ RE%'ES; g:)e:t w/ Q Factor
with current limiting . low ripple Fully requiated and short circuit protected High Accuracy

Sweep/Function Generator

s Int/Ext operation
Sine, Square, Triangle, Pulse, Ramp
.210 2MHz, Freq Counter .1-10MHz

with Freq. Counter Elenco GF-800
$239 | BNEE $59
Elenco 20Hz-150KHz
GF-8026 Sine/Square

O. Waves
| g: Handheld

Audio Generator

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual
Model
MM-8000

$129.00

by Elenco

Starting from scratch you build a complete system. Our
Micro-Master trainer teaches you to write into RAMs,
ROMSs and run a 8085 microprocessor, which uses
similar machine language as IBM PC.

WE WILL NOT BE . UNDERSOLD

'UPS-SHIPPING: 48 STATES %% QTHERS CALL
1L RES-add-7.75% TAX
PROBESINCL ALL SCOPES & METERS

Elenco Wide Band
Signal Generators

$G-9000

RF Freq 100K-450MHz AM Modula-
tion of 1KHz Variable RF output

SG-9500 w/ Digital Display &
150MHz built-in counter $239

1245 ROSEWOOD, DEERFIELD, IL 60015
FA%708-120°0085- (708) 541-0710.

B+K 3011B

$219.95

LED Display, Sine, Square, Triangle, Ramp
& Pulse Waves. TTL & CMOS

Digital Muitimeter Kit
with Training Course
Elenco

M-2665K

$49.95

Fun & Easy
to Build

Full Function 34 Ranges, Includes
Capacitance,Transistor/Diode Testing
20Amp AC/DC, Extra Large Display, Ideal
School Project M-2661 (assembled) $55

$119 B+K 1045A

C&S SALES INC.

CIRCLE 109 ON FREE INFORMATION CARD

wwWw americanradiohistorvy com

TELEPHONE PRODUCT TESTER

$499.95

Provides basic operation tests for corded
& cordless tetephones, answering
machines and autematic dialers.

Multi-Function Counter

Elenco F-1200
1.2GHz

$229

U e -

ST
i

Measures Frequency, Period, Totalize
8 LED digits, Crystal oven oscillator,
.Sppm accuracy

15 DAY MONEY BACK:GUARANTEE
~FULL FACTORY WARRANTY:
WRITE FOR FREE CATALOG

5501y

NS

MON SO1U0JI0B|T ‘G661 Aeniqa
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lectronics enthusiasts,
E whether hobbyists or profes-

sionals, love to get new test
equipment. They are invariably
proud of the assortment of test
equipment on their benches—like
mechanics and their tools. Without
adequate test equipment, even the
best technician can’t diagnose a
problem—he can only assemble a
new circuit and hope that it works.

An oscilloscope is probably the
most versatile piece of test equip-
ment that a technician can have. An
oscilloscope not only can duplicate
all the functions of a DMM, but it
can also perform many other func-
tions not possible with a DMM, al-
lowing the user to observie the
shape of a waveform and its timing
parameters.

Unfortunately, an oscilloscope is
usually the most expensive of the
basic test instruments, typically
costing more than $500. For most
electronics hobbyists, and many
who earn a living in the field, that's a
lot of money—perhaps even more
than they can afford. Selecting the
right oscilloscope can be a difficult
decision, and might require compro-
mising performance of features for
a lower price.

Although some oscilloscope fea-
tures are not universally required,
others are essential regardless of
price. For example, all os-
cilloscopes should be capable of
displaying signals up to 20 mega-
hertz. Dual-channel capability—
which is the ability to display two
signals simultaneously—is no lon-

ger a premium feature. However,
other features, such as the ability to
store waveforms and user-posi-
tionable cursors are luxury items
usually found in only high-end equip-
ment. They are not necessary for
most hobby and service work.

The challenge in buying an os-
cilloscope is to find one that in-
cludes all of the necessary features
for a reasonable price—less than
$500 today. The model P-3502C
oscilloscope from HC Protek (154
Veterans Drive, Northvale, NJ
07647, 201-767-7242) fits the bill.
This 20-megahertz, dual-channel
oscilloscope with a list price of only
$440, packs enough performance
to make it the last oscilloscope that
most hobbyists will ever need. It in-
cludes two probes, a power cord, a
fuse, and an operating manual.

Because it is a dual-channel unit,
the P-3502C is a more versatile than
a single-channel oscilloscope. Two
channels allow two waveforms to be
displayed simultaneously. This is an
important feature when working
with digital logic circuits where tim-
ing relationships must be observed.
It's also useful when working on an
amplifier, to determine, for example,
how an output signal compares with
an input signal.

The P-3502C can operate in
Channel-A, Channel-B, Dual, and
Add modes. A high-sensitivity X-Y
mode permits all channel-B func-
tions to work as horizontal ampli-
fiers while channel-A functions
remain as vertical amplifiers. A Z-
axis input on the back of the unit

Apapa naricanradinbictany aorm

provides for the introduction of an
external intensity modulation signal.

The vertical section of the os-
cilloscope can be set from 5 milli-
volts per division to 20 volts per
division, in 12 ranges. The center
knob for both volts/division controls
allows for variable settings.

The timebase section can be trig-
gered externally or be made to trig-
ger automatically. Sweep times
from 0.2 microseconds per division
to 0.5 second per division can be
selected. A X5 magnification can
be enabled in all ranges.

To make calibration easy, a preci-
sion 0.5-volt peak-to-peak, 1-kilo-
hertz squarewave output is available
at a front-panel jack. Our test os-
cilloscope was properly calibrated
when delivered to us; the 0.5-volt
calibration waveform filled one ver-
tical division exactly when the os-
cilloscope was set to display 0.5-
volt per division.

A convenient component-test in-
put is also included on the P-3502C
to allow the user to use it as he
would a signature analyzer. It pro-
vides a 9-volt RMS signal. The re-
sponse of a components to the
signal can verify its condition. For
example, a resistor will display a lin-
ear, or straight-line response of volt-
age versus current; the lower the
resistance, the steeper the re-
sponse.

The P-3502C is housed in a black
metal cabinet and has a 6-inch CRT.
Trace rotation can be adjusted from
a control on the front panel. The
oscilloscope has a carrying handle
attached to the left side of the cab-
inet and a set of rubber feet on the
right side. There’s also a set of feet
on the back end of the cabinet that
allows the scope to stand vertically.

The Protek P-3502C certainly in-
cludes the features that will make a
versatile and valued instrument for
most individuals, especially at its
price of $440. It is a smart invest-
ment that is sure to pay off for years
to come. Q
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Just like these
Fully Trained
Electronics
Professionals

Thanks o CIE 1 have tripled my previous
=aiary. @10 { am now in a challenging and
rmwarnng mow field where only the sky is
¢ .

wing' Widas Reynolds
Incwraielai Efectrician
Ore-lda Foods

“CIE was recommended to me by my boss.
it was appealing since | couid study at my
own pace at home and during business
travel.”

Dan Parks

Marketing Manager/C Product:
Analog Devices, Inc.

“t loved the flexibility CIE offered. It was the
only way | could continue both school and
my demanding job.”

Britt A. Hanks

Director of Engineering

Petroleum Helicopters, inc.

“l liked the way the school was set up with
‘aboratory assignments to enforce
conceptual leaming. The thing which
impressed me the most about CIE's
curriculum is the way they show application
for all the theory that is presented.”
Danie! N. Parkman
fissile Electro-Mech

U.S. Air Force

ical Technici

“Completing the course gave me the ability
to efficiently troubleshoot modern
microprocessor based audio and video
systems and enjoy a sense of job security.”
Tony Reynolds

Service Manager/Technician

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

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

Just ask any of the
150,000-plus graduates of
the Cleveland Institute of
Electronics who are working
in high-paying positions with
aerospace, computer,
medical, automotive and
communications firms
throughout the world.
They'll tell you success
didn’t come easy...but it
did come...thanks to their
CIE training. And today, a
career in electronics offers
more rewards than ever
before.

CIE'S COMMITTED TO
BEING THE BEST...IN ONE
AREA...ELECTRONICS.
CIE isn't another be-
everything-to-everyone
school. CIE teaches only
one subject and we believe
we're the best at what we
do. Also, CIE is accredited
by the National Home Study
Council. And with more than
1,000 graduates each year,
we’'re the largest home study
school specializing exclu-
sively in electronics. CIE has
been training career-minded
students for nearly sixty
years and we're the best at
our subject...
ELECTRONICS...

IT’S THE ONLY SUBJECT
WE TEACH!

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

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

LEARN BY DOING...WITH
STATE-OF-THE-ART
EQUIPMENT AND
TRAINING.

CIE pioneered the
first Electronics
Laboratory

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

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

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

wwWwW americanradiohistorv com

electronics. And every CIE
Course earns credit towards
the completion of your
Associate in Applied Science
Degree. So you can work
toward your degree in stages
or as fast as you wish. In fact,
CIE is the only school that
actually rewards you for fast
study, which can save you
money.

&\ Lo

Y E S ! | want to get started.

Send me my CIE course catalog
including details about the
Associate Degree Program. (For
your convenience, CIE will have a
representative contact you - there
is no obligation.)

Piease Print Clearly

Name

Address

City

State __ Zip Age

PhoneNo. ===
Check box for G.I. Bill Benefits.
Veteran

Active Duty

AE71

Cleveland Institute of Electronics, inc.
1776 East 17th Street
Cleveland, OH 44114

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

L--
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Electrofics /ini-\DS

CRYSTAL-CONTROLLED! 5 MINUTE AS-
SEMBLY! MONEYBACK GUARANTEE! At-
tach 3 wires and hear every whisper up to 2
miles away on any programmable scanner or
VHF surveillance receiver. Pre-tested surface
mount module uses standard SV battery for
100mW output! Includes battery box and
crystal for 140MHZ. Custom frequencies
available for Law Enforcement. Model VX-100
only $79.95 + 2.00 S&H. VISA, MC, MO.
COD add $5.00. DECO INDUSTRIES, BOX
607, BEDFORD HILLS, NY 10507.
914-232-3878.
CIRCLE 127 ON FREE INFORMATION CARD

0O&A

WORLD’S SMALLEST FM TRANSMIT-
TERS! New Surface Mount Technology
(SMT) makes all others obsolete! XST500
Transmitter—powerful 3 transistor audio am-
plifier, transmits whispers up to 1 mile.
XSP250 Telephone Transmitter-line
powered, transmits conversations up to Vs
mile. Both tune 88-108 MHz. Easy to assem-
bie E-Z KITS (SMT components pre-as-
sembled to circuit board)! XST500—$44.95,
XSP250—$34.95, VISA/MC. COD add $6.
XANDI ELECTRONICS, 1270 E. Broad-
way Rd. #113, Tempe, AZ 85282,

1-800-336-7389.
CIRCLE 111 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

e 6 x rate $1,000.00 each insertion.

e Fast reader service cycle.

e Short lead time for the placement of
ads.

e We typeset and layout the ad at no
additional charge.

Call 516-293-3000 to reserve space.
Ask for Arline Fishman. Limited number

of pages available. Mail materials to:
mini-ADS, ELECTRONICS NOW, 500-B
Bi-County Blvd., Farmingdale, NY
11735.

FAX: 516-293-3115

continued from page 11

probably built around a light-sen-
sitive device such as a pho-
toresistor and a Triac-type power
semiconductor.

Each time the device triggers, it
also generates radio frequency in-
terference (RFD) spikes that are
broadcast in the immediate area.
Since these are broadband pulses,
they’ll be picked up on a broadband
receiver—and that's exactly what
an AM radio is.

To eliminate this noise, shield the
controller by enclosing it in a metal
box, and also try to soak the spikes
up with a simple capacitive filter like
the one shown in Fig. 2. Try using
both of these methods on each con-
troller. This should eliminate the ra-
dio noise, or at least get it down to
the level where it's not so objec-
tionable. If it's still too loud, you can
try adding the capacitors to the ra-
dio as well.

When you experiment with any of
these methods, make sure you do it
safely. This means you should never
work on a controller or radio when
it's plugged into an outlet. Remove
the fuse, open the breaker, or at
least unplug the line cord before you
do anything.

If none of my suggestions work,
you can buy commercial RFl filters
that will work more effectively. But |
would invest my money in better
controllers that don't emit RFI.

WIRELESS FREQUENCIES

1 would like to experiment with
wireless commuunications. Can
you tell me what frequencies
cordless phones work on?—
Jimmy Daniels, Wahoo, NB.

Cordless phone handsets trans-
mit between 49.67 and 49.97
megahertz. The base units transmit
on.frequencies between 46.61 and
46.97 megahertz. The base units
transmit both sides of the con-
versation, while the handset only
transmits the local side.

The base units of cordless
phones more than ten years old
transmit at frequencies below 2
megahertz. Some new cordless
phones operate in the band be-
tween 902 and 928 megahertz.

www americanradiohistorv com

TIPS FOR MAIL ORDER
PURCHASE

It is impossible for us to verify the claims of ad-
vertisers, including but not limited o product
availability, credibility, reliability and exisiance
of warranties. The following information is pro-
vided as a service for your protection. 11 is no
intended to constitute legal advice and readers
are advised to obtain independent advice an
how to hest protect their own interests hased
upon their individual circumstances and juris-
dictions.

1. Confirm price and merchandise information
with the seller, including brand, model color or
finish accessories and rebates includad in the
price

2. Understand the seller’s return and/or refund
policy, including the allowable return pancd, wito
pays the postage for returned merchandise zn
whether there is any “restocking” ar “rafurn”
charge

3. Understand the product’s warranty s there
a manufacturer’s warranty, and if so 15 1 for 2
U.S. or foreign manufacturer? Note that many
manufacturers assert that, even if trhe produce
comes with a U.S. manufacturer’s warsanty, if you
purchase from an unauthorized dealer vou are
not covered by the manufacturer’s warranly

in doubt. contact the manufacturer diractiy, In
addition to, or instead of the manufaciurer's war-
ranty, the seller may offer its own warranty, In

either case, what I1s covered by warranty. haow
fong is the warranty period, where wi'l tha pra-
uct be serviced, is there a charge for service, what
do you have to do to obtain service and will the
product be repaired or replaced? You may warnt
to receive a copy of the written warraniv nefore
placing your order

4, Keep a copy of all transactions, including
but not limited to cancelled check. receipt and
correspondence. For phone orders, maka a note
of the order including merchandise oriarsd, prica
order date, expected delivery date and salasper-
son's name.

5. If the merchandise is not shipped within the
promised time, or if no time was promised, with-
in 30 days of receipt of the order, you generally
have the right to cance! the order and get a re-
fund.

6. Merchandise substitution without your ex-
press prior consent is generally not allowed.

7. Ifyou have a problem with your order or the
merchandise, write a letter to the seller with all the
pertinent information and keep a copy.

8. Ifyou are unable to obtain satisfaction from
the seller, contact the consumer protection
agency in the seller’s state and your local Post
Office.

It, after following the guidelines, you experi-
ence a problem with a mail order advertiser
that you are unable to resolve, please let us
know. Write to Advertising Department,
Gernshack Publications Inc., 5008 Bi-County
Blvd. Farmingdale, NY 11735.

Be sure to include copies of all correspondence.
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Electronics Experimenters’ Books

[J PCPtt6—Introducing Digital
Audio—CD, DAT and Sampling...
$10.00. Digital audio invoives methods

o and circuits that are totally alien to the

- technician or inquiring amateur who has

previously worked with audio circuits.

This book is intended to bridge the gap!

=y The principles and methods are ex-

= ptained, but the mathematicai back-

2| ground and theory are avoided when
ﬁ practical.

i (| BP325—A Concise User’'s Guide
to Windows 3.1...$7.95. if you are hav-
ing trouble with Windows 3.1, then dis-
cover how to manipulate Windows
screens and how to run Windows and
g DOS applications under the Windows
Graphic User Intertace (GU!) environ

i ment. There's more: the word proces-
| sor (Write), Program Manager, File Man-
L ager and Print Manager will be mastered
X by you. The text's scope is enormous.

# (1 BP233—Electronic Hobbyists
l Handbook...$9.95. A collection of data
for the amateur electronics enthusiast.
The text includes data on a multitude of
topics such as parts color codes. inte-
grated circuit pin-outs, transistor lead-
out diagrams and data, basic circuit
building blocks, and much more. Where
, appropriate, detailed background infor-
2 1{ mation and explanatory notes are pro-
vided.

I BP278—Experi-
mental Antenna Topic
...$5.95. Contains 28 fas-
cinating sections and in-
cludes many unusual prac-
tical antenna designs that
use such outlandish materi-
als as cardpoard, aluminum
foil. plastic bottles, cat-food
cans, etc.. even water!

Experimental
Antenna Topics

"1 PCP104—Electron-
ics—Build and Learn...
$9.95. Construction de-
tails are given to build a
circuit demonstrator that
is used throughout the
book to introduce com-
mon electronic compo-
nents and how these
components are built up
to useful circuits.

1 BP287—A Refer-
3 ence Guide 1o Practi-
cat Electronics Terms
...$8.95. A companion
volume to BP286. Cov-
ers the more practical
and appiied aspects of
electronics. An essential
|| reference work for the li-
brary of all those inter-
ested in etectronics.

|0 PCP118—MIDI Sur-
| vival Guide...$7.75. The
1 book offers practical ad-
vice on starting up, set-
ting up, and ending up
with a practical MID] sys-
tem. Includes over 40
= j cabling diagrams and
- ¥ tips on connecting
synths, sound modules,
sequencers, etc.

P —

[J PCP117—Electronic Projects for
Guitar...$12.95. If you are a guitarist,
you'll find this collection of 16 guitar and
general-purpose effects projects ex-
tremely useful at bargain do-it-yourself
prices. Each project has an introduction,
an explanation of how it works, complete
instruction on stripboard layout and as-
sembly, as weli as notes on setting it up
and using. Written for the beginner pro-
ject builder.

[J BP256—Introduction to Loud-
speakers and Enclosure Design...
$5.95. All you need to know about the
theory and operation of loudspeakers
(drivers} and the various types ot enclo-
sures {boxes) into which they should be
built. Crossover units are covered. Also
includes the complete design and con-
struction details of how to make an in-
expensive but high-quatlity enclosure
calied the “Kapellmeister.”

An Introduction to
Loudspeakers and
Enciosure Design

[J BP195—An Introduction to Satel-
lite Television...$9.95. As an introduc-
tion to satellite television this book is pre-
sented on two levels. For the absolute
beginner with no previous knowledge,
the story is told as simply as it can be in
the main text. For the professional en-
gineer, student or others with technical
backgrounds. there are numerous ap-
pendices backing up the main text with
additional technical and scientific details.

An Intradnciion to
Satellite Talevision

Shortwave Receiver
Construction...$6.95.
Contains practical de-
signs for building a num-
ber of simple shortwave
receivers. Comprehen-
sive plans include dia-
grams and full coil-wind-
ing details where
necessary. n

Simple Short Wave
Recetver
Construction

[JBP275—Simple g;c‘omputer',
‘Hobbyists

- Handbook

ﬁ« S i

BP251—Computer
Hobbyists Handbook...
$8.95. Provides a single.
quick reference source
to bountiful data and in-
formation that the com-
puter hobbyist will find
usefui. An absolutely es-
g sential addition to your

| bookshelf that will be-

BP162—Counting
1 on QL Abacus...$4.95.
1 Shows the reader how to
get the maximum use
from the enormously
powerful QL Abacus
which is a practical
spreadsheet-type of pro-
gram. Usefui for pre-
senting information and

50 Circuits
iUsing 7400
SeriesIC’s

'ﬁu&lhq‘oﬂ
Abacus

[J BP58—50 Circuits
Using 7400 Series
ICs...$5.50. Interesting
and usetul circuits and
applications that cover
many different aspects
of electronics using this
readily freely obtainable.
inexpensive and fantas-
tically versatile series of

come a referencCe text. data

devices.

"1[J BP298—A Concise Introduction to

introducuontete | the Macintosh System and Find-
Macintosh Sysiem | er...$6.25. If you have one of the popu-

| lar Macintosh range of computers, this

book is designed to heip you get the

most from it. Although the Mac's WiMP
| user interface is designed to be easy to
| use, much of it only becomes ciear when
| it is exptained in simple terms. All Mac-
| intosh computers are covered inciuding
| the new “Classic” range.

b

[]1 BP101—HOW TO IDENTIFY UN-
MARKED ICs...$2.25. A chart that
shows the reader how, with just a multi-
meter, to go about recording the partic-
ular signature of an unmarked IC which
should enable the IC to then be identi-
fied. By now you are probably wondering
what an iC signature is. it is a specially
plotted chart produced by measuring the
resistances between ail terminal pairs
of an IC.

How to Identity
Unmarked IC's

} [ PCP114—Advance MIDI User's
Guide...$14.95. Aithough still regarded
by many as nothing more than a way to
. get one instrument to follow the playing
of another, MIDI actually has capabilities
that go well beyond the simpie slaving
arrangement. This splendid book ex-
piains all the MID! messages. routing
¢ MIDI in simple to advanced systems, ex-
§ Plains how to troubleshoot when things
go wrong, and much more.

Bargain Table Best Buys for Experimenters and Computer Buffs

] BP1D6—Modern Opamp Projects
7] BP137—BASIC and FORTRAN in Paralilel ..
{7 BP138—BASIC and FORTH in Parallel

$5.75

[[] BP195—An Introduction to Satellite Televison.
[] BP198—An Introduction to Antenna Theory
] BP248—Test Equipment Construction

] BP154—An Introduction to MSX BASIC ..........ccccconrvencnen -.....$34.95 [ BP249—More Advanced Test Equipment Construction......... $6.95
[J BP169—Hot to Get Your Computer Programs Running............ $5.95 (] BP260—A Concise Introduction to OS/2 ............ceeviirniiinaenns $4.95
[1 BP194—Modern Opto Devices Projects ..........cccoecveeeieviecncnnns $6.25 ] BP263—A Concise Introduction to dBASE ............ I $6.95

ELECTRONIC TEGHNOLOGY TODAY INC.

P.0. BOX 240, Massapequa, NY 11762-0240

SHIPPING CHARGES IN

Name ==
Address

City _State Zip

EN2 Allow 6-8 weeks for delivery

USA AND CANADA

$0.01t0$5.00.. ... $1.50
$5.01t0 $10.00.
$10.011020.00.
$20.01t030.00....
$30.01t040.00 ....
$40.01t050.00 .........
$50.01 and above .......

SORRY No orders accepted
outside of USA & Canada

Shipping (see chart).
Subtotal ... 2
Sales Tax (NYS only)........

Total price of merchandise ... ..

Total Encloéed )
All payments must be in U.S. funds!

Number of books ordered []
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Use the Free Information Card for more details on these products.

NEW PRODUCTS

DESKTOP CD-ROM RE-
CORDER. The CDR4x CD-
ROM desktop recorder
from DataDisc records up
to a 650-megabyte CD-
ROM in 18 minutes. The
half-height SCSI-compati-
ble unit can be installed in
IBM-compatible PC (Win-
dows) computers for “drag
and drop™ CD-ROM crea-
tion: It also works with
Macintosh and Unix-based
computers. Files and direc-
tories can be repositioned
to optimize CD perfor-
mance.

The system is bundled
with DiscMaker premaster
ing / mastering software, a
SCSI plug-in card, SCSI
cable, and ten blank disks.
Discs in all formats can be
cut including CD-ROM
(standard CD-ROM rec-
ordable), CD-DA (digital
audio for playing on a home
stereo CD player) TheDisc-
Maker Multimedia up-

CIRCLE 20 ON FREE INFORMATION CARD

grade adds CD-l (interac-
tive, CD-ROM XA (sound,
text, images, multisession,
CD-TV., and other multi-
media-related formats. A
recorder packaged as a
stand-alone unit is also
available.

The standard CDR4x
DiskMaker package for PC
and Mac is priced at

$5995, and for Unix oper
ating systems it is $7495.
The CDR4x Multimedia
DiscMaker package is
priced at $6495.

DataDisc, Inc.

Route 3, Box 1108
Gainesville, VA 22065
Phone: 800-328-2347 or
703-347-2111

Fax: 703-347-9085

1200-VOLT INSULATED-
GATE BIPOLAR TRAN-
SISTORS. The
MG500Q2YSXX Series of
1200-volt insulated-gate bi-
polar transistors (IGBTs)
from Toshiba is intended
for 460-volt AC general-
purpose inverter applica-
tions. These include
welders and uninterrupta-
ble, servo, and auxiliary
power supplies.

The silicon dies of the
IGBTs have non-punch-
through (NPT) structures
that provide more protec-
tion against short-circuits
at higher voltages and in-
creased reverse-bias, safe
operating area than pre-
vious Toshiba IGBTs.
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Internal fast, soft-recov-
ery diodes reduce oscilla-
tions. This reduces ringing,
spike voltage, and snubber
size in host circuits.
Positive temperature co-
efficients simplify parallel-
ing the IGBTs. Current
ratings are from 50 to 400
amperes with typical

switching speeds of 0.2 mi-
croseconds.

The 50-ampere, 1200-
volt MG50Q2YSXX IGBTs
are priced at $55 each in
quantities of 100.

Toshiba America Electronic
Components, Inc.

9775 Toledo Way

lrvine, CA 92718

Phone: 800-879-4963

TV SIGNAL GENERATORS.
Fluke is offering three new
models of its PM5410 TV
signal generators that in-
corporate BTSC-compliant
signals for testing MTS
Stereo/SAP-equipped vid-
eo products. Twenty-five
different signal combina-

www americanradiohistorv com

tions and three pre-pro-
grammed modes are pro-
vided for testing, adjusting,
and troubleshooting the
decoder section of prod-
ucts that support the
BTSC standard.

Other new features add-
edto the PM 5410s include
test patterns designed for
16 X9 widescreen televi-
sion, Y/C video outputs for
S-VHS and Hi-8 recorders,
VPS/PDC for automated
video recorder operations,
and Teletext functions for
information delivery sys-
tems.

CIRCLE 22 ON FREE
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The new test functions
provide main channel
(L+R), pilot, stereo (L-R)
and SAP sound test sig-
nals in accordance with
BTSC standards. Available
in NTSC M, N, and PAL
modes, those sound sig-
nals are suitable for testing
frequency response, align-
ment, total harmonic distor-
tion (THD), channel sepa-
ration, and SAP level
adjustment.

Where appropriate, the
digitally generated signals
are compressed in accor-
dance with the BTSC stan-
dard to match the condi-
tions that actually exist in
broadcast systems.

The PM 5415BC pro-
vides test functions for
most typical NTSC and
PAL products. It supports
MTS Stereo/SAP test


www.americanradiohistory.com

functions, the 16 x9
screen size, and U.S.
Closed Caption (CC)TV.
The PM 5418TDS adds fur-
ther support for SECAM
systems, Analog (German)
stereo, NICAM digital
sound, Teletext, and PDC/
VPS support. The PM
5418TDSI includes
|[EEE-488/GPIB control for
remote operation or auto-
mated testing.

Pricing for the three sig-
nal generator is: PM
5415BC—$2985;
PM5418TDS—S$6085; and
PM 5418TDSI—S$8155.
Fluke Corporation
P. O. Box 9090
Everett, WA 98206
Phone: 800-44-FLUKE
Fax: 206-356-5116

INDUSTRIAL STRENGTH
BREAKOUT BOX. The BOB
100 breakout box from
Benedict Computer is in-
tended for testing ground
potential current-loop cir-
cuits. It can also be used in
troubleshooting
asynchronous and syn-
chronous signals on
RS-232C transmission
lines such as those en-
countered in serial printers,
terminals, and wide-area
networks (WAN).

The BOB 100 isolates
signal interpretation prob-
lems that can occur when
two devices with different
ground potentials are inter-
faced. LED lamps on the
instrument display 80 % of
the current and signal sta-
tus as mark, space, clock-
ing, or none for all 25 pins
on both female and male
switches. The current loop
tests circuits from 4 to 80
milliamperes.

When it is testing for
ground potential and cur-
rent-loop circuits, power is
drawn from the power
lines, so no auxiliary power
source is needed. Access
sockets are located on
both sides of the box to al-
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low direct connection to
other interfaces. Jumper
cables can cross-patch
lines and allow monitoring
from external equipment
The individual switches for
breaking each of the 25 in-
terface lines are on the box
faceplate.

The BOB 100 with two
sets of four-plug jumper ca-
bles, a carrying case, an 11-
inch cable, and a manual, is
priced at $199.

Benedict Computer

220 Felton Drive

Menlo Park, CA 94025
Phone: 800-346-5186 or
415-323-0148

SUBMINIATURE LCD DIG-
ITAL VOLTMETERS. Datel
has introduced its
DMS-20LCD series of dig-
ital panel voltmeters with
liquid-crystal displays, said
to have the smallest form
factor of any 3'2-digit
meters in that class now
available. Their fully encap-
sulated, 12-pin, DIP-style
cases measure
1.38X0.88x0.42 inches,
and they are suitable for ei-
ther PCB or panel mount-
ing.

Their 0.37-inch high
LCDs are said to be reada-
ble from 10-foot distances.
Backlighting is optional on
models that will be installed
where ambient light is low.
Anti-zero and bandgap ref-
erence techniques are said
to provide =*1-count ac-
curacy without adjustment.
Low-battery annunciators
are standard on ail models.

DMS-20LCD series

3M breadboards
for less dough.

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

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

© 3M 1994

IM Reliability
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Coming up next month in

Electronics Now

= Car Security! Install the electronics that protects
your car from thieves and foils carjackers.

= Assemble a Prototyping Station that’s in tune
with modern day circuits and parts!

= Aninexpensive, dedicated WWV Receiver that’s
easy to build.

= Circuit Cookbook! Inside active op-amp filters
and amplitude control circuits.

The March, 1995 [ssue of Electronics Now
hits the newsstands on

February 2, 1995

Pick up Electronics Now at your
favorite Newsstand, Bookstore,
Supermarket or Convenience Store

MON S2IUONDD|T ‘'Ge6 1 Aeniga
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meters operate from single
+ 5-volt supplies and dissi-
pate 2 milliwatts. (Models
powered by + 9-volts are
available)) Inputs are +=200
millivolts and =2, 20, and
200 volts. Single-unit
prices are $25 to $29
each; in quantities of 100

pricing drops to $22 to $26
each.
Datel, Inc.

11 Cabot Boulevard
Mansfield, MA 02048
Phone: 508-339-3000
Fax: 508-339-6356

DIRECT DIGITAL SYN-
THESIZER CARD.
Novatech's Model DDS4
PC is a 34-MHz signal gen-
erator on an ISA plug-in
card. Intended for PC AT
and later IBM-compatible
personal computers, it
generates simultaneous
sine and TTL clock signals
from 5 Hz to 34 MHz in
0.02-Hz steps.

Stability is specified as
10-ppm/year and phase
noise is stated as less than
—90 dBC at 1-kHz offset.
Output amplitude is 1 volt
RMS into an open circuit,
and this signal can be at-
tenuated in 10-dB steps to
70 dB.

The DDS4 PC is sold
with a C-language program
that runs under DOS. This
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makes it easy to set fre-
quency and attenuation or
sweep through a set of fre-
quency, attenuation, and
dwell-time settings stored
in a text file with the soft-
ware supplied.

Novatech Instruments, Inc.
1530 Eastlake Avenue, No.
303

Seattle, WA 98102
Phone: 206-328-6902
Fax: 206-328-6904

PERSONAL MORSE CODE
TUTOR. The MFJ-411 Per
sonal Morse Code Tutor
from MFJ Enterprises is an
aid to learning the Morse
code. The pocket-sized
learning unit teaches let-
ters and numbers by asso-
ciation and relation.
Custom practice sessions
allow learners to set
speeds from 5 to 60 words
per minute. Volume and
sidetone can be set from
300 to 3300 Hz.
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The MFJ-411's QSO
Mode permits the student
to start by practicing plain
English QSOs to prepare
for the FCC code examina-
tion. A word-recognition
mode permits the learner
to practice by copying en-
tire words, as is done by
experienced persons on
the 40-meter band. Hun-
dreds of the words widely
used in amateur radio are
taught so that the beginner
can start recognizing entire
words instead just individu-
al letters.

The MFJ-411 Personal
Morse Code Tutor is priced

at $79.95.

MFJ Enterprises, Inc.

P. O. Box 494
Mississippi State, MS
39762

Phone: 601-323-5869 or
1-800-647-1800

Fax: 601-323-6551

WAVEFORM MONITOR/0S-
CILLOSCOPE/VECTOR-
SCOPE. The CompuVideo
1100 series is a self-con-
tained combination wave-
form monitor, 20 MHz dual-
trace oscilloscope, and
vectorscope. The multi-
functional instrument, de-
signed for NTSC or PAL
standards, is intended for
EFP/ENG operations, sat-
ellite communications, TV
and cable-TV stations, and
video editing.
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The 1100 Series sup-
ports composite, compo-
nent, and S-VHS video
signals. Waveform overlays
and on-screen timing refer-
ences make measure-
ments easier. Included are
differential gain and phase
measurement and line-se-
lect for monitoring and ana-
lyzing signals, as required
by FCC regulations.

The vectorscope/wave-
form section offers display
lines 14 through 21 in fields
1 and 2. The built-in os-
cilloscope section can per-
form signal analysis on
signals from video or audio
heads, stereo systems,

www americanradiohistorv com

and servos.

The 100 Series wave-
form monitor/os-
cilloscope/vectorscope
has a base price of $1429.
CompuVideo, Inc.

3861 Oceanview Avenue
Brooklyn, NY 11224
Phone: 212-213-6818
Fax: 718-714-9873

RELATIVE HUMIDITY MUL-
TIMETER ACCESSORY.The
ARH1 from Fieldpiece In-
struments is an accessory
that measures relative hu-
midity when coupled to a
digital multimeter.

The dielectric sensor of
the ARH1 is built into the
head and protected by a
plastic extension tube. Cir
cuitry in the body of the ac-
cessory head converts the
signal from the sensor to
millivolts DC at a con-
version rate of 1 % RH per
millivolt DC.

The head operates over
a temperature range of
32°F to 100°F, and it mea-
sures relative humidity
from 10 % to 100 %. Power
is obtained from a standard
9-volt battery within the
case, and the unit is
equipped with both on and
low-battery LED indicators.
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ARH1 pricing is: ARH1—
$99; ADL2 test leads—
$12.95; and an optional
ANC?2 nylon carrying
case—S7.95.

Fieldpiece Instruments, Inc.
231 East Imperial Highway,
Suite 250

Fullerton, CA 92635
Phone: 714-992-1239
Fax: 714-992-6541 Q
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VIDEO NEWS

continued from page 6

must be measured on the basis of
the viewable picture only.

Most or all computers with TV
tuners probably comply with the all-
channel tuning act, simply because
solid-state tuners available to them
generally can tune all channels.
However, the closed-caption law is
something else again—some com-
puter manufacturers act as if they
never heard of it. Last year when
Packard Bell unveiled a line of com-
puters, which it said was designed
to “'substitute” for TV, RM radio, hi-
fi, and phone answering machine, |
asked one of its top engineers
whether the built-in 14-inch monitor
had a closed-caption decoder. He
appeared surprised when told about
the law, but dismissed the idea be-
cause “it's not a TV—it's a comput-
er.

| followed this up by telephone
with Packard Bell, explaining the
problem. Packard Bell presumably
considered it a trivia question, be-

cause nobody even returned my
call.

The FCC, charged with admin-
istering the law, hadn’t made up its
mind the last time | asked. An official
said his "gut feeling'" was that any
TV—computer in the same cabinet
or box with a monitor of 13 inches or
larger had to comply with the law,
while those sold without monitors
were exempt, as were TV tuner
cards for PCs that are sold sepa-
rately.

The issue came up only once,
that official said, and it was solved
by a technicality. That was in the
case of an Apple computer with a
built-in TV and a “14-inch™ Trinitron
monitor. When the viewable diago-
nal of the monitor was measured,
however, it turned out to be slightly
less than 13 inches, and therefore
the computer was exempt from the
caption law. But to be on the safe
side, Apple did add caption ca-
pability to the final production
monitor.

All of this leads to TV regulation
No. 3. Since 1966, by order of the
Federal Trade Commission, diago-
nal screen measurements of TV

sets sold or advertised in the United
States must refer to the "viewable”
portion of the screen only—gener-
ally one or two inches less than the
“overall” diagonal used in almost all
other countries. However, the rule
doesn't apply to computer
monitors—home computers were
unknown in 1966. So now a 13-inch
picture tube would grow to 14
inches if it were used in a computer
monitor.

What does the manufacturer of a
combination TV/PC do for screen-
size measurement? One way out
would be to call it a “14-inch com-
puter monitor with 13-inch TV,” but
that would be a little clumsy. In con-
nection with a recent review of the
screen-size regulations, a consum-
er wrote the FTC that he bought a
14-inch computer monitor, but when
he got it home he found the picture
measured only 13 inches diagonally.
The FTC responded that it is “con-
sidering measurement problems
with regard to computer monitors.”

But the basic problem—whenis a
computera TV and whenis a TV not
a TV, and what rules apply—re-
mains unsolved. Q0

NOW Fmd the Right Part for Your VCR!

The 320-page, Fourth Edition of the VCR
Cross Reference contains both model
and part number cross references. Over
1300 new parts and 360 new models have
been added.

VCR'’s are made in a few factories from
which hundreds of different brand names
and model numbers identify cosmetically-
changed identical and near-identical man-
ufactured units. Interchangeable parts are
very common. An exact replacement part
may be available only a few minutes away
from you even though the original brand-
name supplier is out of stock. Also, you may
be able to cannibalize scrap units at no cost.

Wi ISCET VCR CROSS REFERENCE

NEW! The Fourth Edition is contained on a
diskette for IBM PC AT/XT compatibles,
DOS 2.1 or higher. The disk software allows
technicians to search by manufacturer for
model numbers and description of part num-
bers. A parts editing sequence gives an on-
screen view of all substitutes for parts en-
tered. With the diskette, the technician can
update files by adding model and parts

crosses of future models. The Fourth Edi-
tion can be printed on pages completely
from the diskette.

The ISCET VCR Cross Reference, Fourth
Edition, is on 8% X 11-in., pre-punched
pages and sells for $36.00. The 3%z inch
diskette sells for $69.95 and you can view
listings from a monitor or printed page.

Only $36 00 ftor pages
$59 95 diskette

Claggk Inc. 1
VCR CROSS REFERENCE OFFER
P.O. Box 4099

Farmingdale, New York 11735
Name
Business
Address
City
State
Phone

Enclosed $36.00 for the ISCET VCR Cross
Reterence, Fourth Edition.

Enclosed $69.95 for the diskette containing
the ISCET VCR Cross Reference, Fourth
Edition. Please specify:

5V Diskettes (2) 3% Diskette (1)

Include $3.00 for shipping each Cross
Reference (Pages or Diskette)

The total amount of my order is §

Check ericlosed—do not send cash.
[]Visa [ MasterCard Exp.Date_ /_ /.
Signature

New York State res»dents must add
applicabte iocal sales tax to total.

f'----_"'"'_"_"_____'"l
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NEW LITERATURE

Use The Free Information Card for fast response.

Answers: 1995 Catalog.
From Radio Shack, 700 One
Tandy Center, Fort Worth, TX
76102. Available at local
Radio Shack stores nation-
wide. $2.

Radio Shack is now of-
fering its 220-page 1995
catalog entitled Answers
with a theme of "“You've got
guestions. We've got an-
swers.” The catalog con-
tains new product informa-
tion as well as definitions of
many common electronics
terms including the latest
"buzz words™ or jargon.
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The catalog is written in
layman’s terms so that an-
swers to common consum-
er questions are in clear,
non-technical language.
Expanded comparison/
feature charts simplify the
finding of the right product.

The catalog also de-
scribes three new services
offered by Radio Shack: a
toll-free number customers
can call to order most prod-
ucts listed and have them
sent directly to their homes
or offices; Gift Express,
which permits customers
to send electronic gifts to
friends or relatives; and
The Repair Shop, which re-
pairs name-brand, out-of-
warranty consumer elec-
tronics products.

A coupon in the catalog
is good for $2 off a custom-

er's next Radio Shack pur-
chase; it offsets the cata-
log’s purchase price.

Encyclopedia of Electronic
Circuits, Volume 5; by
Rudolf F. Graf and William
Sheets. Tab Books Inc., Blue
Ridge Summit, PA
17294-0850; Phone:
1-800-233-1128; $34.95. -

This fifth volume of “"The
Encyclopedia of Electronic
Circuits' adds approxi-
mately 1000 new circuits to
the collection of about
4000 circuits found in the
four earlier volumes. The
circuits, obtained from a di-
versified selection of elec-
tronics publications and
semiconductor manufac-
turers’ data books, cover a
wide range of functions.

Alphabetically organized
into more than 100 catego-
ries, the book includes an
extensive index to all of the
circuits presented as well
as a cumulative index of
those in each of the pre-
vious four volumes.
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The circuits in Volume 5
include those for alarm and
security systems, os-
cilloscopes, audio ampli-
fiers, computers, wave-
form generators, frequen-
cy meters, entertainment
electronics, and music sys-
tems. A brief explanation of

each circuit's operation is
presented along with a ref-
erence to its original
source.

Solderless Breadboards and
Accessories. From 3M Elec-
tronic Specialty Markets,
6801 River Place Blvd., Aus-
tin, TX 78726-9000; Phone:
800-321-9668; free.

This new eight-page
color brochure describes
3M's Series 300 Bread-
boards line of solderless,
plug-in, circuit-building
products for the safe and
easy design and testing of
PC boards.
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The brochure includes
product descriptions, parts
information, color pho-
tographs, and technical
drawings of the Series 300
and accessories including
jumper wires, patch cords,
probes, tie-point blocks,
and breadboard strips.

Build Your Own Green PC; by
Wallace Wang. Windcrest/
McGraw-Hill, Blue Ridge
Summit, PA 17294-0850;
Phone: 1-800-233-1128; Fax:
77-794-2103; $19.95.
Wallace Wang's book ex-
plains how to build a per-
sonal computer system
that will have minimal im-
pact on the environment
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K WALLACE WANG. =
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and resources. This is a re-
sponse to EPA’'s Energy
Star Program that encour
ages more '‘green’'—or
low-power-consuming
computers. Manufacturers
are now offering "green”
PCs, but they are expen-
sive.

Wang's book explains
the entire process of build-
ing a complete, low-cost,
environmentally “aware”
personal computer system
that includes a printer and
monitor. It begins with a list
of required tools, and goes
on to give step-by-step as-
sembly instructions ac-
companied by helpful line
drawings.

The subjects covered in-
clude motherboards, 1/0
ports, hard and floppy-disk
drives, sound cards, CD-
ROM drives, power sup-
plies, and random-access
memory. Checklists will
help the reader to select
the right equipment, and
sources for “green’ com-
puter components are
given.

Coaxial Adapters Catalog.
From Amphenol Corpora-
tion, RF/Microwave Opera-
tions, One Kennedy Avenue,
Danbury, CT 06810; Phone:
1-800-627-7100; Fax:
203-796-2032; free.

A new 24-page catalog
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from Amphenol details 159
coaxial adapters and preci-
sion phase-matched cable
assemblies for test, mea-
surement, and instrumen-
tation. It contains technical
information on a selection
of popular coaxial and twin-
axial adapters.

e

CIRCLE 341 ON FREE
INFORMATION CARD

These include Precision
APC-7. APC-3.5, and
APC-N adapters and over
70 Between Series adapt-
ers. Also included are In-
Series adapters for BNC,
75-ohm BNC, Twin-BNC,
Type N, SMA, TNC, Twin-
ax, UHF, and Mini-UHF.

The catalog also in-
cludes descriptions of
Amphenol phase-matched
assemblies for test and
measurement equipment
such as network analyzers
and S-parameter and
transmit/receive test sets.

Technical Brief: DRAM
Power Consumption in Por-
table Computer Applications
(Literature item number
MST-1202). From Toshiba
America Electronics Compo-
nents, Inc., 9775 Toledo
Way, lrvine, CA 92718;
Phone: 800-879-4963; free.
This four-page technical
paper from Toshiba Amer
ica evaluates power con-
sumption by dynamic ran-
dom-access memory
(DRAM) in portable and
handheld computers. It
was written by Toshiba en-
gineer Kevin Kilbruck.
Kilbruck describes the
market segments for these
computers and provides

TOsHIA
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definitions. Several tables
in the paper provide infor
mation on Toshiba's line of
DRAMs that meet the
power limitations imposed
by those battery-powered
computers.

The Designer’s Guide to Sin-
gle-Board Computers and
Flat-Panel Systems. From
Computer Dynamics, 107
South Main Street, Greer,
SC 29650; Phone:
803-877-8700; Fax:
803-879-2030; free.

This new 36-page cata-
log describes many new
flat-panel display and com-
puter products from Com-
puter Dynamics. These
include flat-panel comput-
ers with large 1024 x 768
color liquid-crystal displays
(LCDs} and DisplayPacs,
which combine different
flat-panel displays (elec-
troluminescent (EL), mono-
chrome LCD, and color
LCD) with touchscreen
controls.

Also described are sin-
gle-board computers that
form compact operator in-
terface systems. Other
products include the VAMP
Il (@ combination 262,000-
color LCD and touch-
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WS Min Long Range FM Volce
Transmitter (3 mi) Ultra Sensttive -
with fine tune, range control, more! Detects
even whispers! FMX1 Kit and Plans........

Tiny Telephone |
FM Transmitter ="~
(3 mi) - automatically operates when phone is
used. Crystal clear clarity with fine tune and
range control, TELX-1 Kit and Plans........$39:8¢

Both Easy-to-Build Kits Above only $49.50!

Extended Play W@
Telephone ﬁ
Recording System - §129.50

- Automatic - Crystal Clear - Easy to Use -
Connects to Any Phone - Automatically controls
and records both sides of the conversation on our
extended play recorder. Caution - check local
laws as some states require an alerting beeper.
TAP20X Heady -to-Use System .......... only $129.50

g S8 @) FAEE CATALJG vl order - v aend S1.00 PEH

MC, ViSA, Check, Cash or C.0.D.
' Lugg Send or Fax Orders to: Dept en16

PO Box 719, Amherst, NH 03031
Orders 800-221 1705 FAX 603-672-5406 Tel 603.6734730

BeanFCC
LICENSED

ELECTHDNIC TECHNICIAN!

".,-..-'!_ Py

Earn up to
$60 an hour
and more!

No costly school. No commuting to class.
The Original Home-Study course prepares
you for the “FCC Commercial Radio-
telephone License.” This valuablelicenseis
your professional “‘ticket” to thousands of
exciting jobs in Communications, Radio-
TV, Microwave, Maritime, Radar, Avionics
and more...even start your own business!
You don't need a college degree to qualify,
but you do need an FCC License.

No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS—You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!
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1
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WHAT’S NEWS

continued from page 4

development of alternative power
sources.

Also being investigated are built-
in vehicle emission monitoring sys-
tems and automotive combustion
and emission.

Safety is a vital concern at The
Ford Research Laboratory. A com-
puter-based simulator permit the re-
searchers to study the interaction
between car and driver. We are try-
ing to avoid making automobiles
more complicated than can be han-
dled by average drivers, said Jeff
Greenberg, a researcher who ex-
plained that new technologies now
permit the new kinds of sophisti-

FORD’s COMPUTER-CONTROLLED DRIVING SIMULATOR allows Ford researchers to
test a driver’s reaction to new or redesigned temperature controls, radio controls,
cellular phone, and route-guidance readout.

About 25% of the research effort
is spent on devising ways to im-
prove customer satisfaction, and
the rest is spent on improving prod-
uct efficiency. An example of im-
proved manufacturing is the pro-
cess called precision stratiform
machining, which permits pro-
totypes of engine components to
be machined in three-dimensions
under computer control. The meth-
od permits complete engine pro-
totypes to be made faster.

Engine design parameters are en-
tered into the computer which cre-
ates a 3-D model on screen that is
stratified into layers of equal thick-
ness. This computer-generated
data is then fed to a machine tool
which machine out each layer from
sheet aluminum. The shaped layers
are then stacked and bonded to-
gether in a vacuum furnace to form
a complete prototype ready for test-
ing. "It used to take nearly a year to
prototype an engine cylinder
head, 'said Paul Killgoar, a manufac-
turing systems manager. "Now, it
takes less than 100 days.”

cated controls to be made econom-
ically.

Mr. Greenberg said that the sim-
ulator permits the study of driver
responses to new controls and in-
struments to make sure that the
driver is not overwhelmed with too
much detail and information that
would detract from safe operation
of the vehicle.

Similar to the simulators used for
training airline pilots, the Ford auto-
mobile simulator is actually the front
end of an automobile wired into a
network of five computers and a vid-
€0 projection system.

During a test session, the driver
in the simulator is asked to perform
many different tasks. For example,
he or she might be asked to set
temperature controls, tune a radio,
read a message on a small screen,
orconverse on a cellularphone. The
driver's physical reactions are re-
corded while a TV camera mounted
over the windshield videotapes the
driver's emotional and verbal re-
sponses for further study and analy-
sis. Q
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career...even get a Degree. Send for
free facts and color brochure on
employment opportunities in the field
that interests you most. See how easy
itis to train at home for a great career
or advancement in your present job.
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Get 3 Books

for
only

when you join the Electronics Engineers’ Book Club®

"TRIC,
EN[GIM:ERE'

s il e

020984-XXX $110.50
Benefit from the collective ex-
pertise of more than 100 con-
tributors in this book. It's the
most current and comprehensive
electrical reference available
today. 2,208 pp., 1,421 illus.
Counts as 3

Hall CIRCUH
CREDIA
AND
TRCUBEESHODTING

GLIDE: Yolume 1

0376034-XX $59.50
This book provides both a col-
lection of over 700 of the latest
commonly used integrated and
discrete-component circuits and
authoritative testing and trouble-
shooting methods on each type
of circuit.664 pp., 703 illus.
Counts as 2

037516X $39.50
This helpful volume covers
digital electronic devices and
components and a simplified
system of testing and trouble-
shooting that can be easily ap-
plied to any electronic system or
equipment. 320 pp., 150 illus.

oAiluns
] i
. RASIC MATHEMATICS
FOR ELECTRICITY
AND ELECTRONICS
&rant

0044392 $12.95
Use this solved-problems outline
of mathematical calculations to
improve your grasp of electrici-
ty and electronics. This new edi-
tion presents hundreds of
problems (all major types)—
complete with solutions. 224
pp-, 196 illus., Softcover

9255H-XXX $105.50
“*QOutstanding, extensive refer-
ence to current technology of
electronics. Covers everything
from principles to applications.”*
—Computer Book Review
2,528 pp., 1,800 illus.
Counts as 3

-

| ELECTRONIC
MEASUREMENTS |
. & TESTING |

l‘-mﬂﬂ¢

0039615

$40.00 027410X-XX

Enginssinting Cirguft Anatysis

$69.44

Use available off the-shelf test This immensely popular text of-
equipment with this guide to fers hundreds of numerical ex-
basic electrical measurements, amples and clearly stated drill

component

measurements, problems covering a wide range

system tests, and performance of the latest circuit analysis

verification. 224 pp.,

031716X $50.00
Cover the basics of important
video technologies in this com-
prehensive volume. You'll find
valuable information on the pro-
duction, recording, editing,

transmission, distribution, and
display of video signals.
120 illus.

300 pp.,

0253544 $30.00
Understand the latest data com-
munications software systems
and how they interface with
hardware. This hands-on guide
emphasizes the practical side of
the field while keeping mathe-
matical theory to a minimum.
192 pp., 30 illus.

032381-XXX $119.50
Newly revised, this bestseller
provides detailed information on
physical fundamentals, patterns,
structures, and design techniques.
Experts from RCA, Raytheon,
Scientific-Atlantic, and other
major firms and universities
have contributed to this book.
1,520 pp., 800 illus. Counts as 3

R = _ i
Lenk’s Laser
_ Handbook

Jahm i Lené

0375054 $39.50
Drawing on over 40 years of ex-
perience in electronics, Lenk has
produced a reference for all ser-
vice technicians and field-service
engineers who work with laser-
based equipment. He provides
practical troubleshooting techni-
ques, coupled with simplified
discussions of operating theory,
and much more. 288 pp.,

159 illus.

0415250-XX $61.53
Gain a firm understanding of the
fundamentals of control theory
with this authoritative guide.
Designed so that engineers will
be able to ensure stability and
reduce the sensitivity of the
system to disturbances and plant
perturbations, coverage includes
modeling uncertainty in the fre-
quency domain, robust stability,
and much more. 572 pp.,
Illustrated, Counts as 2

o
” icrocontrollers

Architecture,
Implementation
& Programming

P
<!

I p— s
R AWMETH HINTT |
-unll.m

028977-XX  $49.00

Unleash the power and complex-
ity of the latest generation of
controller designs. This book
presents the ways a controller
can be implemented into
hardware.

350 pp.. 125 illus. Counts as 2

180 illus. techniques and technologies. 726
pp., Mustrated, Counts as 2

0443017 $40.00
Gain a firm understanding of
some of the most advanced
person-to-person  communica-
tions systems being installed
today with this comprehensive
look at modern cellular technol-
ogy. Covering both analog and
digital cellular systems, this
book provides complete cover-
age of the principles and design
techniques for cellular systems.
224 pp., 142 illus.

L’:&rﬁﬂ ICS

Diilﬂ‘rﬂﬂ

o

0404348 $49.50
More than 14,000 entries and
1,500 illustrations make up this
A-to-Z reference. Its up-to-date
definitions can not be found in
general dictionaries. Plus, it foc-
uses on terminology specific to
the field of electronics.

608 pp., 1,500 illus.
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4323H $29.95
Examine the entire spectrum of
issues surrounding HDTV in-
cluding current test procedures
and results. You'll find thorough
documentation of the widely di-
vergent industry standards in
North America, Europe, and
Japan that are currently imped-
ing HDTV production.

336 pp., 131 illus.

1577637-XX $84.95
The most thorough coverage of
foreign and domestic integrated
circuits is available today in this
giant resource. Seven separate
sections detail thousands of 1Cs
and their applications. including
charts, and tables. 1.168 pp..
4.603 illus.. Counts us 2

ELECTRONIC
o DISPLAYS

0696217-XX $50.00
With applications in a wide
range of professions. electronic
display technology is one of the
most exciting areas of growth
and research in electronics. Now
you can explore display technol-
ogy with this reference for those
involved in the design. specifica-
tion. installation, and mainte-
nance of electronic displays.

350 pp.. Nustrated. Counts as 2

ot [ Ly

0375046 $39.50
Packed with simplified. circuit-
by-circuit troubleshooting exam-
ples. this handbook provides the
practical know-how'you need to
operate and troubleshoot modern
RF equipment.

352 pp.. 150 illus.

2962P $18.95
This complete EPROM instruc-
tion manual provides a detailed
explanation of underlying
theory, plus 15 different proj-
ects—including programmers,
erasers, and EPROM-based
circuits.

240 pp. Softcover

’EL ECTRONIC
POWER CONTROL
Llrplm I.‘l*l.ru:i:..I
& 'i!I:'-hanIIBE

0239193 $27.95
This guide focuses on the
specific digital circuits used in
electronic power applications. It
presents state-of-the-art ap-
proaches to analysis. trouble-
shooting. and implementation of
new solid-state devices.

272 pp.. 197 illus.

TELECOMMINTCATION
TRASHSSION
STHE.HE :
gt

070964-XX $70.00
Explore technological trends of
telecommunications transmis-
sion equipment. This guide
covers packet switching, stan-
dards recommendations, and
more.

560 pp., 440 illus. Counts as 2

0239852 $32.95
Get all the hands-on instruction
you need to translaie RF theory
into functioning hardware and
design working RF power cir-
cuits with this guide.

304 pp.. 219 illus.

~SPICE

OVERCOMING
THE DRI
O g
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=

911525X-XX $50.00
Packed with sample circuit sim-
ulations that clearly illustrate a
variety of common problems and
their solutions, this guide shows
you how to deal with nonconver-
gence, numeric integration in-
stabilities, timestep control
errors, and more. 208 pp.,
200 illus., 3.5"" disk,

Counts as 2

SECONND EDN THOR

PHASELOCKED LOORS f

9113869-XX $50.00
Design efficient phase-locked
loops for electronic devices. You
get design and applications infor-
mation for all four types of
PLLs—linear, digital (an analog/
digital hybrid). all-digital. and
software. 370 pp., 100 illus.,
5.25"" disk. Counrs as 2
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GET THE LATEST ADVANCES IN ELECTRONICS

SUBSCRIBE TO—

Electrogtics

m; ENJOY THE WORLD OF ELECTRONICS EACH MONTH!

Subscribe to the best informed electronics maga-

zine—the one that brings you the latest high-tech
e it tnis low-cont construction projects, feature articles on new tech-
ST nology, practical troubleshooting technigues, circuit
design fundamentals, and much more.

and improve the periormangd
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i \ Electronics Now looks to the future and shows you
. Pl 8 \what new video, audio and computer products are on
= : - the horizon. You'll find helpful, monthly departments
such as Video News, Equipment Reports, Hardware
Hacker, Audio Update, Drawing Board, Computer
Connections, New Products, and more. All designed to

give you instruction, tips, and fun.
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e Buyer’s Guide to Digital
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The PRoCAR
SECUlqlTY SYSTEM

Build this automotive alarm l
and anti-theft system that |
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AUTOMOBILE THEFT IS A SERIOUS
crime problem in most ad-
vanced countries. Existing au-
tomotive alarm and anti-theft
systems have apparently helped
to reduce the national theft rate
but many of those systems do
little more than sound audible
alarms. This is the first in a se-
ries of articles on building Pro-
Car, a unique car theft deter-
rent. In addition to sounding an
alarm, it disables the car being
stolen. It can be operated by re-
mote control and it also offers
security modes not available in
commercial systems.

This article discusses the per-
formance of ProCar and ana-
lyzes the operation of each of the
circuits in the system. [t then
goes on to describe component
insertion and soldering of the
three boards in the system.

The article will cover the wir-
ing between circuit boards in
the logic module, the mounting
of all off-board components in
the power module, and all exter-
nal wiring and cabling. [t will
also cover the testing the indi-
vidual modules.

Why more anti-theft features?

So many automobiles are
stolen each year in the United
States that reports of these
thefts are usually greeted by the
local police with yawns or
groans. Most occur at night
while the car is unattended, and
involve breaking and entering
to defeat the car’s ignition lock.
However, some cars are towed
away by organized gangs oper-
ating in those parts of cities
where the cars are parked where
they cannot be seen from their
owners homes, often high-rise
apartments. Even cars
equipped with alarms are easily
stolen in many locations be-
cause the thieves know that the
alarms are universally ignored.
Car theft exacts a stiff price on
the car owner—whether the car
is insured or not. In addition to
the urgency of finding a replace-
ment (if only temporary), there
is the expense, frustration and
lost time in notifying the police
and insurance company—not
to mention lost time on the job
or in school, and feelings of per-
sonal violation.

FIG. 1—MODULES OF THE PROCAR ANTI-THEFT SYSTEM. The logic module (left), is
in a plastic case, the power module (right) is an an aluminum case, and the optional
radio-frequency receiver (lower center) is in a plastic case. The power module is the
only one mounted in the engine compartment.

Recently car theft has esca-
lated into a far more serious
crime—carjacking—a crime of
violence that often results in in-
jury to the car owner being
ejected violently from the vehi-
cle, often with the threat of
shooting or stabbing. These
crimes can occur at any time of
day or night in any location—
often outside the car owner's
home. The seriousness of the
crime escalates when it occurs
at night or on an open highway.

Even if the car is recovered
after being abandoned (or less
likely—recovered by the police),
it will probably be damaged as a
result of neglect, deliberately de-
structive driving, or the forcible
or inept removal of parts and
accessories.

The good news is that nation-
ally car thefts have declined na-
tionally due in part to the
effectiveness of alarm and anti-
theft systems, registration
numbers on automobiles, and
generally improved police re-
sponse. Nevertheless, even the
best of original equipment and
aftermarket alarm systems will
not defeat bold resourceful
thieves or carjackers. Most car
alarm systems have shortcom-
ings, and those weaknesses can
be exploited by a skilled auto
thief. '

The ProCar solution

The ProCar vehicle anti-theft
system has overcome the short-
comings of typical OEM and af-
termarket anti-theft systems
and alarm systems. Figure 1
shows its principal electronic
modules and an optional radio
frequency receiver. It can be
built by experienced electronics
hobbyists for less than $200 in
components and accessories.
Unlike other anti-theft systems,
ProCar is based on conventional
digital logic ICs. It includes no
microprocessors or micro-
controllers and it does not re-
quire programming.

The vehicle owner selects an
existing switch within the car
to be wired as a “secret switch”
which accept codes that change
system response. The “secret”
codes are keyed in by depress-
ing the switch and releasing it,
or holding for a predetermined
length of time. ProCar inter-
prets the codes to distinguish
between “authorized’ com-
mands and random switch clo-
sures made by an unauthorized
person attempting to steal the
car.

If an unauthorized person at-
tempts to escape with the car,
{or a carjacker forcibly ejects the
authorized driver), ProCar will
detect the absence of the correct
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codes after the car is started or
driven away, and give a voice
warning that the vehicle will be
disabled. After 30 seconds, Pro-
Car will disable the engine safe-
ly by cutting off both fuel and
ignition, foiling the theft. With-
out knowledge of the codes, the
thief will be unable torestart the
car. An internal alarm will then
sound at 110 dB to drive the
thief from the car.

Should the thief persist, the
time delay in disabling the en-
gine will limit flight to about a
quarter mile. When and if the
condition of the car permits the
safe return of the owner/driver,
he or she can key in the correct
codes and drive the vehicle away
without damaging it.

This, of course, assumes that
the owner knows that the thief
has fled and is not lingering to
take revenge for defeating the
car theft. It also assumes that
the car is in a condition permit-
ting it to be driven away safely
(no collision or gratituitous
vandalism).

ProCar can be set so that it
will:
® Automatically arm and dis-
arm itself, and automatically
lock the car doors if the owner
forgets.

e Permit limited driving by an
authorized person (e.g., car
park attendant or service me-
chanic) without disabling the
vehicle or setting off its alarm.
Anti-theft protection will re-

main in force after the car has
been parked.

® Permit the car to be serviced
or test driven and warn the au-
thorized driver that it is dis-
armed each time the car is
started.

® Go into a high security mode
that allows one person to drive
the vehicle. This contrasts with
the default standard security
mode which allows authorized
family members or friends who
have the ignition key to drive
the vehicle.

Because the system is con-
trolled by an existing switch,
the car has no hidden or con-
spicuously new switches inside
or outside installed specifically
for ProCar. Even if the “secret
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FIG. 2—SCHEMATIC FOR THE MAIN ALARM BOARD. All interconnection wiring ori-

ginates at this board.
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switch” is identified, the un-
authorized user must know the
codes.

Procar can also be operated by
a remote control that has arm,
disarm, and panic modes, as
well as a feature called insta-
stop, which signals the ProCar
system that the owner is out-

-side the car and that the person

driving (or trying to drive) the
car away is unauthorized.

ProCar gives a voice warning
to the unauthorized driver be-
fore the engine is disabled and
the inside alarm sounds.

In common with other anti-
theft systems, ProCar also has
an outside siren, headlight
flasher, and starter disabler. It
was designed for easy installa-
tion in any vehicle with a 12-volt
power system. The system can
be customized to satisfy the
owner's personal preference. It
can also be adapted to vehicles
with digital-code key panels on
their doors or key-ring door-lock
transmitters. ’

General description

The two principal modules in
the ProCar system are the Logic
Module and the Power module.
A third optional module is a fac-
tory-made RF receiver that is
matched to a factory-made re-
mote-control RF transmitter, a
handheld, battery-portable
unit. Both products can be pur-
chased from the source listed in
the Parts List. The system also
includes provision for external
and internal sirens, a motion
sensor, and automatic door-
locking/unlocking relays.

The completed Logic Module
is housed in a small plastic case
suitable for mounting in a con-
cealed position under the
dashboard. It contains the
Main Alarm circuit board and
the Voice/Options circuit board.
The optional factory-made,
FCC-approved receiver module
is also mounted under the
dashboard.

The Power Module, intended
for installation in the engine
compartment, contains the
Power Module circuit board,
power transistors, and inte-
grated circuits for flashing
lights, disabling the engine,
and amplifying the siren. Only

one three-wire cable must pass
through the engine compart-
ment firewall to connect the
Logic Module to the Power Mod-
ule.

Logic Module

The Logic Module contains
two circuit boards: the Main
Alarm Board and the Voice/Op-
tions board. Both boards are
double-sided with plated-
through holes; one measures
4 x2%s-inches and the other
measures 3% X 27 inches.

Figure 2 is the schematic for
the Main Alarm board. A
CD4011B CMOS w~anD gate for
latching and timing (IC1) per-
mits the ProCar to arm itself au-
tomatically when it receives
input signals from the door
switches. The switch on the
driver side door that normally
turns on the dome light sends a
pulse to ProCar when the door is
closed.

The ProCar circuit can also
accept negative- or positive-go-
ing pulses, as will be described
later. The pulse goes through di-
ode D2, filter pulse shaper re-
sistor R4, and capacitor C3 to
pin 13 of IC1 (an input to one of
four nanD gates).

This latches that gate and a
second whose inputs are pins 8
and 9 so that their output pins
10 and 11 go low and light the
green section of tricolor indica-
tor LED1. Pins 9 and 11 go high
to start charging 100 uF elec-
trolytic capacitor C4 through
R7. This charging time causes a
15-second delay, giving the driv-
er time to reenter his car to load
or unload packages through an-
other door or trunk.

The 15-second delay is reset to
zero through NPN transistors
Q2 and Q3 while any door re-
mains open or motion is picked
up by an electronic motion/
shock sensor mounted in the
engine compartment. After the
driver leaves and the circuit
senses no further intrusion, the
15-second timer is restarted
from zero and completes its cy-
cle. The voltage across C4 rises
high enough to change the state
of the third nand gate of IC1
(pins 4, 5, and 6) from high to
low.

The low-logic pulse is passed
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through diode D7, capacitor
C7, and resistor R16 to pin 13 of
IC2, a second CD4011B. This
additional 15-second timer
flashes the red die of LEDI] and
triggers the voice module to
warn that the system will be ac-
tive in 10 seconds. When both
the red and green LED dies are
lighted, the indicator appears to
glow yellow.

After the second latch/timer
circuit (including capacitor
C13) times out, the active low
output at pin 4 of IC2 sends a
pulse through diode D16, ca-

. pacitor C10 and resistor R25 to

turn off the green die so LED1
glows red. Simultaneously, pin
4 drives the arM (R) line high
through PNP transistor Q6.
This path commands the mod-
ule to turn off the engine and
commands the door-lock circuit
to lock all doors.

The arM path also activates
IC3, a 7555, an industry stan-
dard timer serving as a main
alarm latch and IC5, a second
7555 timer that is an alarm
latch timer which monitors all
entry points and the motion
sensor. (Low-power 7555 timers
make battery drain negligible.)
The timer is triggered by IC4, a
CD4049UB CMOS hex buffer/
inverter, when any door, trunk,
hood or motion sensor is acti-
vated. The RC circuit formed by
220pF C22 and 220K resistor
R46 has a 1 minute time con-
stant.

Timer IC3 activates the inside
siren through NPN transistor
Q8 and P-channel MOSFET Q9,
and it commands the Power
Module through one of three
wires in the cable passing
through the firewall to activate
the outside siren and light
flasher for one minute,

When the driver-side door is
opened, both timers IC3 and
IC5 are triggered. The second
timer, [C5, is set for 15 seconds,
to allow the voice module to
warn the driver that the sirens
and lights will be activated un-
less corrective action is taken.
Timer IC5 also inhibits
MOSFET Q9 from activating the
sirens and lights through diode
D27 by the state of pin 3.

If ProCar is set for the default
standard security mode, any-
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FIG. 3—SCHEMATIC FOR THE VOICE/OPTIONS BOARD. It contains the voice record/

playback IC.

one with an ignition key for the
car can reset ProCar as long as
the ignition key is turned with-
in the 15-second time period
provided by timer IC5. Accesso-
ry power derived from the wire
to the car’s stereo system is ap-
plied to an input (A) through RC
timing circuit R1-Cl1.

The application of this time

constant, set for 10 seconds,
will be explained as part of the
description of the anti-carjack-
ing circuit. Also, a logic high
pulse to the Disarm input can
be derived from a car’s digital
entry keypad circuit to disarm
ProCar. This logic high pulse is
inverted to a low logic pulse by
the fourth nanp gate of IC1 at
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pins 1, 2, and 3 and the circuit
consisting of diode D5, capaci-
tor C6 in parallel with resistor
R15 and diode D6. It resets the
two NAND gates of IC2 identified
by pins 8, 9, and 10 as well as
the one with pins 11, 12, and 13.

As voltage is discharged from
100pF capacitor C13, it is inver-
ted by IC2 to ground the arm
line (R) which commands the
power module to cut off the en-
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PARTS LIST

Main Alarm Board

All resistors are Ys-watt, 10%.

R1, R3, R5, R8, R10, R21, R23,
R26, R27, R28, R30, R34, R35,
R49, R50—47,000 ohms

R2—390,000 ohms

R4—1,000,000 ochms

R6—470 Ohms

R7, R32, R39, R40—150,000 ohms

R9, R22, R31, R41, R45—4,700
ohms

R11, R15, R16, R24, R25, R42—
4,700,000 ohms

R12, R13, R17, R37, R43, R51—
100,000 ohms

R14—470,000 ohms

R18, R20, R38, R44, R48—10,000
ohms

R19—39,000 ohms

R29—1000 ohms

R36—220 ohms

R33, R47, R53—22,000 ohms

R46, R52—220,000

Capacitors

C1, C8, C14, C25—47uF, 16 volts

C2, C3, C5, Cs, C7, C9, C10, C11,
C12, C15, C18, C23, C24, C26—
0.1nF, 50 volts, monolithic ce-
ramic

C16, C17—0.001nF, 50 volts,
monolithic ceramic

C19, C20—1.0pnF, 50 volts, tan-
talum electrolytic

C4, C13, C21—100uF, 16 volts, alu-
minum electrolytic

C22—220uF, 16 voit aluminum
electrolytic

C27—470uF, 25 volt, aluminum
electrolytic

Semiconductors

D1 to D24, and D27—1N4148, sil-
icon

D25, D26—6A05, 6 ampere, 50
volt, Diodes Inc. or equiv.

IC1, IC2—CD4011B, CMOS NAND
gate, Harris or equiv.

IC3, IC5—7555 low-power CMOS
timer

IC4—CD4049UB, CMOS hex buff-
er converter, Harris or equiv.

Q1, Q4, Q5, Q6—2SA733 NPN sil-
icon transistor, NEC or equiv.

Q2, Q3, Q7, @8—25C945 PNP sil-
icon transistor, NEC or equiv.

Q9—IRF9Z10, P-channel, deple-
tion mode MOSFET, International
Rectifier or equiv.

Other components

H1, H2—3-pin headers with 2-pin
shunts, Samtec or equiv.

Voice/Options circuit

All resistors are Ya-watt, 10%.

R1, R2, R3, R4, R14, R16, R21,
R30, R33, R40—100,000 ohms

R5—-39,000 ohms

R6, R24, R27—56,000 ohms

R7, R11—10,000 ohms

R8, R25, R26, R29—150,000 chms

R9, R10—470,000

R12, R34, R36, R37, R38, R39,
R41—47,000 ohms

R13—4,700

R15, R23—4,700,000 ochms

R17, R18—680 chms

R19, R20—2.2 chms

R22, R32—33,000 chms

R28, R31—1,000,000 chms

R35—1000 chms

Capacitors

C1, C7, C8, C12—0.1uF, 50 volt,
monolithic ceramic

C2—0.01uF, 50 volt, polyester

C3—0.047uF, 50 volt, polyester

C4—4.7uF, 50 volt, aluminum elec-
trolytic

C5, C6, C14—1.0uF, 50 volt, tan-
talum electrolytic

C9, C10, C16, C17—220u.F, 16 voit
aluminum electrolytic

C11, C15—47pF, 16 volt, aluminum
electrolytic

C13—33uF, 16 voit, aluminum elec-
trolytic

Semiconductors

D1 to D25—-1N4148 diode

IC1—ISD1016AP 16-second voice
record/playback device, Inte-
grated Semiconductor Devices
(ISD) or equiv.

IC2—CD4043UB CMOS hex buffer
converter, Harris or equiv.

IC3—78L05 voltage regulator, 5
volt, Motorola or equiv.
IC4, IC5—LM386-1 amplifier Na-
tional Semiconductor or equiv.
IC6—CD4081B CMOS AnDgates,
Harris or equiv.

IC7—CD4017B CMOS counter/di-
viders, Harris or equiv.

IC8—CD4011B CMOS NANDgates,
Harris or equiv.

Q1—2SA733 PNP transistor, NEC
or equiv.

Q2,Q4,Q6,Q7,Q8—2SC945 NPN
transistor NEC or equiv.

Q3—2SB544 PNP transistor,
Sanyo or equiv.

Q5—IRF9531 N-channel depletion
MOSFET, International Rectifier
or equiv.
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gine and lock all doors through
NPN transistor Q7 and 220-
ohm resistor R36. As the red
LED die of LEDI1 turns off, the
change is sent to the Voice/Op-
tions board to trigger the audio
announcement that the system
is reset.

Buffer IC4 functions as the fil-
ter and level shifter for all trig-
ger inputs. The noise filters
formed by 0.001uF capacitors
C16 and C17 and resistors R38
and R41 will filter out extra-
neous signals that can result
from rain water retained by
door switch contacts, con-
tamination, or nearby radio
transmitters.

The inverters of IC4 allow only
true ground or positive signals
to trigger the system. The inver-
ters permit ProCar to be in-
stalled in vehicles with either
positive or grounded domelight
switching. Header pin jumpers
mounted on the main alarm
board (H1 and H2) permit the
selection of either positive or
grounded switching.

The ProCar circuit must dis-
tinguish between the driver-
side and passenger-side doors,
$06A05 diodes D25 and D26 are
installed so that any door open-
ing will illuminate the
domelights, but only the driver-
side door will trigger IC1. This
gives the ProCar circuit the sig-
nals needed if a carjacking
should occur.

The authorized driver can
send the appropriate coded sig-
nal to the ProCar circuit by ac-
tuating the selected “secret
switch.” The input labeled “S”
(for secreT swiTcH) is a multi-
level communications port that
permits the driver to alert the
ProCar system to recognize dif-
ferent situations.

Any momentary switch with-
in the car can serve as the “se-
cret switch,” provided that it
switches +12 volts. Examples
include, a power window upP
button, a power seat adjust, a
windshield washer switch, or
the high-beam flashing switch.
This setup permits the autho-
rized driver to alert ProCar with
familiar switches.

If the coded signal given to
ProCar is ambiguous or if the
high-security mode is active
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and any driver attempts to start
the car, ProCar system will warn
the driver that the system is ac-
tivated, and will wait for a cor-
rective response.

The only persons who should
know the proper coded re-
sponse will be the owner/driver
or persons who are authorized
to drive the car who have been
given the code and instructed in
ProCar’s operation.

A response might be holding
the high-beam flash lever for 3
seconds as required by the delay
circuit consisting of 39 kilohm
resistor R19 and 47uF capacitor
C8 (at the emitter of Q4). Con-
sequently, the random pushing
of control buttons within the
car by a stranger or uncontrolla-
ble child will be ignored by Pro-
Car. The NaND gate at pins 1, 2,
and 3 of IC2 inverts the signal to
the low level required by the
latching nanD gates at pins 8, 9,
and 10 and 11, 12, and 13.

ORDERING INFORMATION
The following three complete cir-
cuit boards are offered:
® Main alarm board, double-
sided—$14.00
® Voice/options board, double-
sided—$14.00
® Power module board, singte-
sided—$8.00

The following kits of components
with PC boards are offered:
® Main alarm circuit, less case—
$69.00
® Voice/options circuit, less
case—5$79.00
® Logic Module: includes alarm
and voice/options boards, all
components, case, LED1, wiring
harness, connectors, speaker re-
lay RY1—$199.00
® Power module: power module
board, all components, case, wir-
ing harness, connectors and
hardware—$89.00

Other system components avail-
able are:
® Programmed ISD1016 Voice
record/playback device—$18.00
® Radio-frequency receiver and
two remote control (two-key)
transmitters (modified and as-
sembled)—$59.00

Send check or money order to Elec-
tronic Design Specialists, Inc.,
4647 Appalachian Street, Boca
Raton, FL 33428, (407) 487-6103

Florida resident please include lo-
cal sales tax.

TABLE 1
PROGRAMMED ANNOUNCEMENTS FOR VOICE PLAYBACK
Address Time Response
(logic high) (seconds)
N/A 3.1 System reset. Procar standing by
A5 6.2 Procar has been activated. This
vehicle will be disabled in ten seconds.
A5, A6 1.9 High security enabled.
A2, A4, A5, A6 1.9 Valet parking enabled.
A3, A7 2.0 Procar fully disabled.
Note: Up to 16 seconds permitted with the ISD1016AP

Voice/options board

Figure 3 is the schematic for
the Voice/Options (VO) board. It
accepts signals from the Main
Alarm Board board for any of
five different programmed mes-
sages and any options the driv-
er might want the system to
perform. The options are se-
lected with the secret switch
based on the number of times
the driver activates the switch.
Special anti-carjacking circuits
are on the VO board.

A CD4049UB CMOS hex in-
verter, IC2, generates a positive
pulse whenever the red “system
armed” die in LED1 changes
status. The circuit from capaci-
tor C2 through two inverters in
IC2 to pin 4 generates a positive
pulse at diode D11 when LEDI1
turns on. The circuit from ca-
pacitor C3 at pin 14 through an
inverter to pin 15 creates a
positive pulse at diode D10
when the LEDI1 turns off.

The pulses are linked by di-
odesD10and D11to4.7uF C4in
parallel with 4.7 megohm re-
sistor R15, where another inver-
ter supplies +5 volts to the PD
pin 24 of the voice device IC1.
This powers the chip from its
“sleep state” for 10 seconds.

Similiar circuitry from diodes
D12 and D9 power another in-
verter through resistor R16 in
parallel with 1.0uF capacitor C5
to provide a negative pulse to
the CE pin 23 of the voice record/
playback device, IC1, an
ISD1016AP. to initiate speech.

Another inverter in [C2
powers NPN transistor @2 and
PNP transistor Q3 to activate
the speaker relay. This relay
switches the car’ left front ster-
eo speaker to the ProCar circuit
for 10 seconds. Transistor Q3
also powers the amplifier cir-
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cuits, IC4 and IC5. Because
power is removed from the au-
dio chips when the voice record/
playback device is in its sleep
mode, standby power is very
low.

The voice record/playback de-
vice is coupled to IC4 and IC5
and the LM386-1 amplifier ICs
form an out-of-phase bridge cir-
cuit whose output is about 2
watts maximum into a 4-ohm
output impedance. If the out-
put is too loud for comfort, the
values of resistor R17 across pin
2 of IC4 and R18 across pin 4 of
IC5, can be reduced from 680
ohms to 470 ohms.

A CMOS decimal counter/
driver, IC7, decodes the number,
of pulses from the secret switch
to put ProCar into its various
optional modes. The output for
1, 2, or 3 pulses is routed
through diodes D17, D18, and
D21 to a 2.5-second RC timer
circuit consisting of 47pF C15
in parallel with 100 kilohm re-
sistor R32, to reset IC7 auto-
matically through diode D24.

This is the part of the circuit
that makes the use of an assign-
ed “secret switch” possible. The
circuit ignores any random in-
put such as might be intro-
duced if a child were playing
with the “secret switch.”

ProCar will acknowledge only
four, five, six, or seven pulses.
Four pulses activate Q7 which
puts the system in its high se-
curity mode. Five pulses acti-
vate Q8 and put the system in
its valet mode which permits a
car park attendant to park the
car. Six pulses disarm ProCar
temporarily, and seven or more
activate Q4 to put the system in
its panic mode by activating the
outside (but not inside) siren
and flashing the lights.

MON SOIUONBIT ‘Ge6 1 Areniqa-
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Because the panic output will
inhibit the ENaBLE pin 13 of IC7,
any input signals after the first
seven pulses will be ignored.
Moreover, the other four options
drive the RC timer circuit of 100
kilohm resistor R21 in parallel
with 47uF capacitor C11
through isolation diodes so that
a selection must be made with-
in 3 seconds. After the circuit
times out, all other selections
are locked out.

This lockout timer also gener-
ates a voice chip start pulse by
supplying alogic high to pin 2 of
IC6. When this aND gate receives
a simultaneous high on pins 1
and 2, a logic high will be
passed through the parailel RC
circuit consisting of O.1pF ca-
pacitor C12 in parallel with 4.7-
megohm resistor R23 and diode
D7 to the inverter circuit in IC2
identified by pins 11 and 12.

The heart of the voice/options
circuit is the ISD 1016AP voice
record/playback IC that can be
programmed for 16 seconds of
voice announcements. A pro-
grammed ISD 1016AP is avail-
able from the supplier listed in
the Parts List. However, the
reader can program in alter-
native voice messages or sub-

stitute his or her own voice by’

programming the integrated
circuit.

Instructions for building a
circuit that will program the de-
vice and a description of how
the device works are given in the
March 1992 issue of Radio
Electronics (now Electronics
Now). Table 1 gives the program-
ming, timing, and wording pro-
grammed into the author’s
voice record/ playback device.

To reset any mode to the de-
fault standard security mode,
depress the secret switch 3 sec-
onds to reset IC7 through the
RC timing circuit of 150-kilohm
resistor R25 in series with 33uF
capacitor C13 timer through
pins 4, 5, and 6 of IC6, a
CD4081B CMOS quad, two-in-
put AND gate.

High security mode

If you feel insecure when driv-
ing in a known high-crime area,
key the secret switch four times
to put the system in the high
security mode. Pin 10 of IC7, a

CMOS counter/divider goes
high, and this logic state is
passed through diodes D1 and
D3 to program the voice syn-
thesis circuit, IC1, so that pins
6 and 9 (A5 and Ag) are high.

The voice record/playback de-
vice, IC1, has been programmed
to say “High security enabled”
at this address. The logic high
from pin 10 (*4") of IC7 also puts
NPN transistor Q7 in satura-
tion. This grounds its collector
through wire “B” to the alarm.
Because the junction of C6, D5,
and R15 on the main alarm
board is grounded, all attempts
to disarm ProCar by turning on
the ignition switch will be ig-
nored because no pulse will be
passed by D5.

Upon entering the car, the
owner must turn on the igni-
tion and hold the secret switch
for 3 seconds. This will disarm
ProCar as described in the oper-
ation of the alarm board, and
will simultaneously reset the
options selector IC7 to standard
security. Consequently, owner/
drivers must select high securi-
ty each time before they leave
the vehicle if they want the add-
ed protection.

Valet mode

When ProCar receives the five
pulses for the Valet mode, pin 1
(*57) of IC7 goes to a logic high.
Similiar to the other options,
the proper address, pins 5 (A,),
6 (Ag) and 9 (Ag) of speech syn-
thesizer IC1 goeslogic high, and
the speaker says “Valet parking
enabled.”

Transistor Q8 pulls wire “K”
low to the Alarm board to 100pF
capacitor C4 in Fig. 1. Because
C4 will never charge, the first
15-second timer (green die of
LED1) will not complete a
charge cycle. The driver leaves
the car with the engine run-
ning, and when the door is
closed the green LED will be
lighted, but ProCar will not
auto-arm.

After the car park attendant
parks the car, turns off the igni-
tion, and leaves, the timer RC
circuit consisting of 390-kilo-
hm resistor R2 and and 47pF
capacitor C1 at the Accessory
("A”) input of the Main Alarm
board (Fig. 1) times out after 10
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seconds. The gate output at pin
3 of IC1 then goes logic high to
wire “L.”

Back on the Voice/options
board, Fig. 2) the logic high at
“L" is compared with the logic
high at pin 1 (*5”) of IC7 (the
Valet output) and the resulting
logic high on pin 11 of IC6 resets
IC7 through diode D15. There-
fore, ProCar will automatically
default to the standard security
mode, and the car park atten-
dant will be allowed to enter and
disarm ProCar with the ignition
key.

Disarm/service mode

Six pulses on the secret
switch for disarm will cause pin
5 ("6") of IC7 to go to logic high
to program IC1 to say "ProCar
Fully Disarmed.” Transistor Q6
will saturate, grounding wire
“J.” This prevents 100uF capac-
itor C13 on the main alarm
board from charging. Similiar
to the high security function
that inhibits the first 15-second
timer, the disarm feature inhib-
its the second 15-second timer.

Consequently, both the red
and green dies of LED1 will be
on. The yellow color will remind
everyone that ProCar is tem-
porarily disarmed. After enter-
ing the car, the driver turns on
the ignition key to reset the
latches in both IC1 and IC2 on
the main alarm board, Fig. 1.
Because the red die turnoff will
generate a logic low on wire “C”
to the voice/options board, Fig.
2, the speech synthesizer will
again remind the driver that
ProCar is disarmed.

Panic mode
Seven pulses on pin 6 (“7”) of
IC7 cause an output logic high.
The voice synthesizer IC1 has
not been programmed to say
anything in this mode. Tran-
sistor Q4 (near IC8) will be bi-
ased to turn on adjacent
MOSFET Q5 and it will activate
the outside siren and lights
flasher through the TRIGGER
(T) wire to the Power Module
shown in schematic Fig. 3. The
panic mode will remain in force
indefinitely until the secret
switch signal is received from
the driver.
Continued on page 94
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Tektronix gives you an entire bench
of affordable test instruments.

You know us for our oscilloscopes. (Considering we are the widely

accepted market leader, it’s not surprising.) M Now we’ve expanded

our scopes. It’s all compatible, fully integrated and best of all, simple
to use. @ And all made TEKBEIVCHW

available to you in a compre-
hensive, affordable port-
folio we call TekBench™.

B Come, try one out when

you next need something for your bench. We believe we’ll be well
within your scope. For more information or the name of the
Authorized TekBench Distributor nearest you, call 1-800-426-2200.

(When prompted, press 3 and request ext. 335.)

) : S er—
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t 1994, Tektro . Tektronix and TekBench i

A

marks-of Tektronix,
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PRECISION

AuDIO SIGNALS
FROM Your PC

Build this

computer-controlled

audio generator—

for under ten bucks.

MICHAEL A. COVINGTON

DO YOU NEED A PRECISION SQUARE-
wave' generator for audio test-
ing? If so, look no further than
your computers serial port, a
handful of passive components,
and a very simple 30-line BASIC
program.

That combination can deliver
signals with frequencies as
high as 4800 hertz, and with
crystal-controlled accuracy of
0.1% or better. The software was
developed on an IBM-compati-
ble PC, but it should run on just
about any computer.

How it works

The trick is U, the ASCII
character “U,"” that is. The hex-
adecimal value of “U" is 55,
which in binary is 01010101
{with eight data bits and no par-
ity, or seven data bits and even

parity).

‘g
T B

The RS-232 protocol specifies
that the bits of an ASCII
character are transmitted from
least to most significant, pre-
ceded by a start bit (always 0)
and followed by a stop bit (al-
ways 1). So, after adding the req-
uisite start and stop bits, the
result is 1010101010.

Now suppose a string of Us is
generated at the serial port at
some steady rate. The result is a
continuous series of alternating
ones and zeroes—a square-
wave.

The frequency of the signal
will be half the baud rate, which
by definition is the number of
transitions per second. Each cy-
cle of a squarewave comprises
two transitions so, for example,
a 9600-bps baud rate produces
a 4800-hertz squarewave.

In practical terms, just about

R2
™ 100K

PIN 2 (25-PIN) O—g——— ) AMA——

PIN 3 (9-PIN) Ci

4.7uF AUDIO OUT
TO COMPUTER R1'$  NONPOLAR A:J(l))'fo )
SERIAL PORT < <
10K{ ELECTROLYTIC  1,oen$
GROUND
PINS 1 AND 7 (25-PIN)
PIN 5 (9-PIN)

FIG. 1—COMPLETE CIRCUIT of the precision audio generator requires just a handful

of passive components.

any computer should be able to
deliver frequencies of 55, 150,
300, 600, 1200, 2400, and 4800
hertz, corresponding to the
standard baud rates from 110 to
9600. In addition, the signal
can appear at many other dis-
crete frequencies. limited only
by the CPU speed of the comput-
er. But there is a catch to this
scheme.

Frequency limits

The catch is that a PC cannot
generate just any frequency.
Why not? Because the UART in
the RS-232 port generates its
output by dividing the frequen-
cyof al.8432-megahertz crystal
oscillator. The UART can divide
only by whole numbers. So, for
example. a frequency of exactly
1000 hertz can’t be generated;
the nearest you can get is
993.1035 hertz.

If you want to tune a guitar,
you can't quite produce a stan-
dard concert-pitch A" (440
hertz}, but you can get a very
clsoe 439.6947 hertz, which is
off by only Ys0 of a semitone. The
software will display the nearest
standard value to any requested
frequency.

Another limitation is that
some computers might not be
able to deliver high frequencies.
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because they can’t output U's
fast enough. In that case,
squarewave bursts, with silence
in between, is generated. If you
could hear that, it might sound
like buzzing, flapping, or click-
ing superimposed on the high-
pitched tone. The best way to
detect this kind of problem is
with an oscilloscope or frequen-
Cy counter.

Even if the computer is fast,
there can be breaks in the
squarewave. That can happen if
the computer is doing task-
swifching (e.g., under Win-
dows), or if it is heavily loaded
with terminate and stay resi-
dent programs (TSRs). But un-
der DOS. the author had good
results up to 4800 hertz with an
old Toshiha laptop.

Hardware and software

There’s not much to the cir-
cuit. which is shown in Fig. 1.
The output of a serial port is
nominally 24 volts peak-to-
peak. which is much too high a
voltage to feed to the input of an
audio amplifier. The circuit at-
tenuates the signal to a more
useful level, a variable 2-volts
peak-to-peak. The circuit also
protects the computer from
static electricity and voltage
surges. Capacitor C1. a non-
polarized unit, blocks DC be-
cause rthe serial port, when
idling. outputs approximately
—12 volts.

The attenuator consists of
only four components. so it
does not need a PC board. The
circuit was built in a small plas-
tic case by mounting the re-
sistors and capacitors directly
to the potentiometer and out-
put jack, as shown in Fig. 2.
Figure 3 shows the assembled
unit.

PARTS LIST

R1—10,000 ohms, Vs-watt

R2—-100,000 ohms, Ys-watt

R3—-10,000 ohms, audio-taper po-
tentiometer

C1—-4.7 pF, 50-volts, non-polarized
electrolytic capacitor (Radio
Snack 272-998 or equivalent)

Enciosure, cables, and connectors
to suit your equipment and
needs.

FIG. 2—MOUNT ALL COMPONENTS directly on the potentiometer, as shown here.
This eliminates the need for any kind of circuit board.

FIG. 3—THE ASSEMBLED UNIT is compact and attractive. An even smaller case than

the one shown here could also be used.

If you want the circuit to deliv-
er signals for testing. just run
an appropriate cable from J1 to
your equipment. For audio out-
put, say for tuning musical in-
struments or playing audible
tones, the circuit can drive a
speaker directly, as shown in
Fig. 4.

A word of caution before dis-
cussing applications: RS-232
ports are supposed to be toler-
ant of static charges, short cir-
cuits. and extraneous voltages.,
but be aware that some ports
are not. Use extra care if your
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port is part of a multifunction
card that also includes a disk
controller.

Manv of these cards include
both the serial port and the disk
controller in a single. fragile
VLSl device. If part of the circuit
fails. you're likely to lose the
whole thing—including access
to your disk drives. Generally
speaking. when experimenting
with accessories connected to a
serial port. it’s safer to use a
card with discrete R5-232
transmitter and receiver ICs.

As for the software. Listing 1

MON SO1U0SI03|3 ‘G661 Aeniqa
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100 TO 3000

v

TO COMPUTER

GROUND
= e

FiG. 4—TO DRIVE A SPEAKER from the
generator, use this circuit.

shows the complete program.
After setting up several con-
stants, the program requests an
output frequency, displays the
nearest attainable value. and
then starts pumping Us from
the serial port. That continues
until the user presses a key and
then it stops.

The constants defined in
lines 120 and 130 specify values
for the PC's standard COM1 se-
rial port. To use a different port.
make the appropriate modifica-
tions. Also note line 190, which
specifies the dividend in the fre-
quency calculation. To run the

FIG. 5—TEST FREQUENCY RESPONSE
as shown here. The input signal (a) is
completely clean. Poor bass response
affects the tops (b); poor treble re-

sponse affects the corners (c).

program on another computer.
that value might have to be ad-
justed.

Putting it to use
A precision squarewave gen-

LISTING 1—BASIC PROGRAM

100 PRINT "PC Square Wave Generator - M. Covington 1994"
110 INPUT "Frequency (Hz)? ", FREQ

120 ADDR% = &H3F8 ' 2F8 for COM2
130 PARM$ = "COM1:4800,N,8,1,cs0,ds0" ' or "COM2..." etc.
140 '

150 ' Open the serial port

160 OPEN PARM$ FOR OUTPUT AS #1

170
180
190 DIVIDEND = 115200

' Choose customized baud rate

' 111850 on PCjr

200 DIVISOR% = INT(.5 + DIVIDEND / (FREQ * 2))
210 FREQ = DIVIDEND / (DIVISOR% * 2)

220 PRINT "Actual frequency:

230
240
250 WALIT ADDR% + 5, &H20

": FREQ;

" HZII

' Set serial port to new baud rate ‘

260 OUT ADDR% + 3, INPCADDR% + 3) OR &H80
270 OUT ADDR%, DIVISOR% MOD 256

280 OUT ADDR% + 1, DIVISOR% / 256

290 OUT ADDR% + 3, INPCADDR% + 3) AND &H7F

300
310

' Transmit square wave until told to stop

320 PRINT "Press any key to stop."

330 WHILE INKEY$ <> "":
340 WHILE INKEYS$ = ""
350 PRINT #1, "Uuuu";
360 WEND

370 PRINT "Emptying buffer..

380 CLOSE #1
390 PRINT "Al11 done."
400 END

WEND

' clear kbd buffer
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erator has many applications.
For example. you can use it to
test the frequency response of
an amplifier, as shown in Fig. 5.
The input signal to the ampli-
fier appears in Fig. 5-a; note the
signal's sharp corners and flat
tops. If the amplifier circuit has
poor bass response, the tops of
the waveform won't be flat (Fig.
5-b): if the treble is weak, the
corners of the waveform won't
be square (Fig. 5-c).

In general. a clean looking
squarewave at the output of an
amplifier indicates a good fre-
quency response over a 100-to-1
range. For example, an ampli-
fier that cleanly reproduces a 1-
kilohertz squarewave should
provide good performance {from
100 hertz to 10 kilohertz. Be
aware. however. that a square-
wave test won't detect clipping
in the amplifier.

I have already mentioned tun-
ing musical instruments. An-
other application is testing wow
and flutter in tape recorders.
Generate a constant frequency
and record it: then play it back
while comparing it to the same
frequency coming directly from
the computer. You can do the
comparison by ear, but its bet-
ter to use an oscilloscope. with
one squarewave going to the ex-
ternal sync input and the other
to the vertical input. Then look
closely to see how much the
waveform jiggles from side to
side. 0
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AFTER YOU HAVE COMPLETED YOUR
latest logic circuit design, you
will probably want to build a
prototype tc test its operation. If
the circuit is not complex. a
common logic probe is all thats
needed to troubleshoot it. How-
ever, if the circuit has multiple
signals that must be checked
for proper time phasing, or if it
requires orne or more complex
driving signals to exercise its
operation, then you need a more
powerful testing tool.
Professionals use a logic ana-
lyzer and function generator to
make these tests. Experimen-
ters, hobtyists, and those on a
tight budget will want to build
the PC Mini Logic Analyzer. It
costs only about $30 to build.
but when it is linked to an IBM-
compatibie computer. it is suffi-
ciently capable for most hobby
applications. The PC Mini Logic
Analyzer provides up to eight
driving signals (outputs) and
eight inputs. Each output can
be programmed with up to a 64-
bit pattern. In addition to its
logic analyzer function. the unit
can serve double duty as a dig-
ital integirated circuit (IC) tester.
The analyzer consists of a
hardware interface with ap-
plications software. The inter-

This mini analyzer
is inexpensive,
versatile, and
easy to build.

JAMES J. BARBARELLO

face bufters the signals that are
sent from the computer’s paral-
lel port to the circuit to be test-
ed. It also buffers the signals
that are returned from the cir-
cuit to the computer, and shitts
their voltage levels so that they
are compatible with the PC's log-
ic levels. The interface obtains
its power from the circuit under
test. so it will always recognize
the proper logic levels: TTL at 5
volts, or CMOS from 3 to 15
volts. The interface can be con-
nected directly to any parallel
port on your PC.

The software displays 64 bits
of the eight outputs and eight
inputs simultaneously. It allows
full on-screen programming of
the outputs. Scan time (the
time to process the 64 bits) can
be adjusted from a high of about
100 bits/second on an average

PC to a tow of one bit every 10
seconds. The slower speeds al-
low you to single step through a
circuit and observe how each
output bit affects the prototype
circuit’s operation.

Best of all. the interface cir-
cuit is composed of common
components, all available from
most electronic component
suppliers. Although a PC board
layout is provided here, it is not
essential for proper operation:
the circuit can also be con-
structed on a solderless bread-
board

The hardware interface will
be described first, followed by
the software. Then. an actual
logic analyzer application will
be described, followed by an ex-
ample of how to use the analyzer
as a digital IC tester.

Theory of operation

The analyzer incorporates
two basic functional blocks: a
transistor buffer/inverter sec-
tion, and an analog switch sec-
tion that feeds voltage com-
parators. The transistor bufter/
inverter section is shown in the
schematic in Fig. 1.

Transistor Q1 in Fig. 1 is con-
figured as a standard inverting
switch. A signal greater than

Pctfini

Logic A

i

CMOS '

nalyzer

1
POWER _
N

'C661 Arenigo4

47


www.americanradiohistory.com

Electronics Now, February 1995

about 0.7 volt from the parallel
port (pin 2 for QIl) causes the
transistor to conduct, raising
the output (o1 for Q1) to about
0.3 volt. When a signal less than
0.7 volt is applied. the tran-
sistor does not conduct, and
current is provided to any load

e
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FIG. 1—THE ANALYZER incorporates
two basic functional blocks. This is the
transistor buffer/inverter section.
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FIG. 2—THE ANALOG SWITCH SECTION feeds the voltage comparators. Two of the
analog switches in a CD4066B quad-analog switch IC (IC2-a and IC2-b) feed their
outputs to the non-inverting input of IC1-d, one of the four voltage comparators in an

LM339 quad comparator IC.

connected to the output
through the collector resistor
(R2 for Q1). This signal inver-
sion is compensated by the soft-
ware. For example, when the
user requests a high logic level
to be output at O1, the software
converts the request and out-
puts a low logic level at pin 2 of
the parallel port. The transistor
will invert that low logic level to
a logic high, producing the out-
put requested by the user.

The transistor inverter/buffer
performs two necessary func-
tions. First, it acts as a current
amplifier, providing more cur-
rent than the parallel port could
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provide directly. Second, since
the transistor obtains its oper-
ating voltage through D1, the
output levels will be consistent
with the logic levels generated
by the circuitry that is supplied
by that voltage. (The output
voltage level is not dependent on
the input driving voltage, which
will always be that provided by
the parallel port}.

Diode D1 protects the inter-
face against reverse power sup-
ply voltage. The approximately
0.3 volt lost across the diode is
insignificant in the operation of
the interface. The transistor in-
verter/buffer is used eight times
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(Q1-Q8) to provide eight out-
puts.

The second functional block
is shown in Fig. 2. Two of the
analog switches in a CD4066B
CMOS quad-analog switch IC
(IC2-a and IC2-b) feed their out-
puts to the non-inverting input
of IC1-d, one of the four voltage
comparators in an LM339 quad
comparator IC. When the con-
trol pin of an analog switch is
pulled high, the switch will pass
the input signal to its output,
also putting from about 50 to
200 ohms in series in the pro-
cess. When the control pin is
brought low, the path between
input and output becomes a
very high impedance, effectively
disconnecting the input from
the output.

The signal from pin 1 of the
parallel port is inverted twice,
once by transistor @9 and a sec-
ond time by Q10. Therefore, the
control signal for analog switch
IC2-b is 180° out of phase with

DEFINE PARALLEL
PCRT ADDRESS(S)
i SET UP ARRAYS &

OTHER VARIABLES

Y
INITIATE 64 BIT
COUNTER

'

DEFINE OUTPUT BIT
PATTERNS. INVERT AND
STORE IN ARRAY

L

INCREMENT BIT COUNTER AND
SEND NTH BIT OUTPUT TO
PARALLEL PORT.

READ FORT STATUS FOR NTH BIT
T

DISPLAY RESULTS.

FIG. 3—BASIC PROGRAM FLOW. First,
the address of the parallel port that’s
going to be used is identified and called
ado.

Q
P1-10 P1-12 15

FIG. 4—PARTS-PLACEMENT DIAGRAM. The circuit layout is not critical, so you can
use either the PC board an experimenter’s breadboard.

i

FiG. 5—AUTHOR’'S PROTOTYPE. Use micro-clips for the 16 input/output lines, and
insulated mini alligator clips for the power and ground leads. Route the wires through
holes in the enclosure and attach the connectors.

the signal for IC2-a. With a high
signal at pin 1 of P1, switch IC2-
awillbe on, and IC2-b will be off.
Conversely, with a low signal at
pin 1 of P1, the switch IC2-a will
be off, and IC2-b will be on. This
allows the two switch outputs to
be connected together (some-
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times called a “wired or"), be-
cause only one switch will be on
at a time.

Comparator IC1-d compares
the signal at its positive input to
the reference voltage at its nega-
tive input. When the signal is
greater than the reference, the

MON SOIUOND8|T ‘G| Aeniga
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TABLE 1

= = Connectic;; Output Volitage j
None O1 Vbattery—Vdiode '
None 02 Vbattery—Vdiode
None 03 Vbattery—Vdiode T.
None 04 Vbattery-Vdiode I
| None 05 Vbattery—Vdiode
- None (0[] Vbattery—Vdiode
None o7 Vbattery—Vdiode
None o8 Vbattery—Vdiode
O1to P3 02 0 to 0.5V (approx)
[ O1to P4 03 0 to 0.5V (approx)
O1to P5 04 0 to 0.5V (approx)
O1to P6 05 0to 0.5V (approx)
‘ O1to P7 06 0 to 0.5V (approx)
‘ O1to P8 07 0 to 0.5V (approx)
O1to P9 08 0 to 0.5V (approx) |
I 02 to P2 O1 0 to 0.5V (approx)
Lo e
B el -
' | $cE 1
| %
| GND
i i :
4
l ‘: : 4] ik E
1
. T : 6
5 c ICY
051 | a7 7
e S oS - 8
9

FIG. 6—LOGIC ANALYZER APPLICATION. This self-clocking circuit is supposed to
provide a squarewave output that has one quarter of the input frequency.
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FIG. 7—MONITORING ALL POINTS in the circuit will reveal any problems quickly.
Here’s the test circuit with the CD4011B replaced by the analyzer.

comparator’s output goes high,.
and blocking diode D2 is re-
verse-biased. The high output
at pin 14 of the parallel port
pulls the parallel port pin 13 in-

put high. A low signal from the
comparator output allows the
parallel port pin to sink voltage
from pin 14 into the com-
parator’s output through the di-
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ode. This pulls parallel port pin
13 low when a low signal is pro-
vided to the comparator. This
arrangement allows signals
greater than the 5-volt level of
the parallel port to be processed.
The analog switch/comparator
block is used four times to ac-
cept eight inputs and provide
them to the four comparators
for input into the PC.

The reference voltages for the
comparators are created in the
voltage divider consisting of
R25, R26. and R27. When
switch Sl is in its TTL position,
the voltage across R27 (pro-
vided to the comparators) will
be about 2 volts with a 5-volt
power supply. With Sl in its
cMos position, the voltage
across R27 will be about 70% of
the power supply voltage. Those
voltage levels correspond to the
lower limits of valid high logic
levels for those logic families. A
common ground reference is
provided from the power supply
through to the PC via the paral-
lel port's pin 19 and clip 2.

Software

While a lot of software code is
devoted to making a convenient
interface for the user. the basic
program flow is fairly simple
(see the flowchart in Fig. 3).
First, the address of the parallel
port is identified and called adO.
Since the parallel port must be
addressed with three sequential
addresses, the two addresses
that follow are defined as adl
(adO +1) and ad2 (adO +2). Be-
cause the analyzer has 16 lines,
each with a 64-bit sequence, an
integer array is set up to hold
each bit's value for each line.
The array has maximum di-
mensions of 16 by 64, or
a(16,64). Other necessary varia-
bles are also set up at this time.
Pin 14 is also brought high to
serve as the pull-up voltage for
the parallel port inputs.

Next, a counter to loop be-
tween 1 and 64 is set up. The
software then makes sure the
desired output pattern(s) are
defined, and if they aren't, it de-
fines them. The desired pat-
terns are inverted (to compen-
sate for the hardware inversion
in the interface transistors) and
stored in the integer array. Next,
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LISTING 1

REM**+* MINITEST.BAS
REM*#*** QUICK CHECKOUT OF MiniAnal
REM**** V940708 (c) 1994, 1J Barbarello
CLEAR : COLOR 7. 0: CLS

DEFINT A-X: DEFSTR Y-Z: DIM o(8), i(8): DEF SEG = 64

LOCATE 1, 1§

PRINT "QUICK CHECKOUT OF Pc MIN! LOGIC ANALYZER INTERFACE" LOCATE 2, 1: PRINT

STRINGS(79, 220)

LOCATE 5, 15: INPUT "PARALLEL PORT ADDRESS (Enter for defauit): "; ad0

IF ad0 = 0 THEN ad0 = PEEK(8) + 256 * PEEK(9)

adl = ad0 + 1: ad2 = adl + 1: OUT ad2, 0: PRINT : PRINT

FORi=0TO7:a=24i
OUT ad0, a XOR 255: GOSUB status|
IF 0 <> o@i + 1) THEN

PRINT "Problem with Output”; i + 1; "(Should be low)"

x=1
END IF
IF 1 <>i(i + 1) THEN

PRINT "Problem with Input”; i + 1; "(Should be high)"

=
END IF
OUT ad0, a: GOSUB status|
IF | < «{i + 1) THEN

PRINT "Problem with Output”; i + 1; "(Should be high)”

x=1
END IF
IF 0 <> i(i + 1) THEN

PEINT "Problem with Input”; i + 1; "(Shouid be low)"

x=1
END IF
NEXT i

IF x = 0 THEN LOCATE 10, 32: PRINT "INTERFACE TESTS OK"

END

REM*#*#$#2++ GET STATUS OF PRINTER PORT PINS *#*#+%+%

statusl:

o(1) =< INP(ad0) AND 1

0(2) » (INP(ad0) AND 2) /2

0(3) = (INP(ad0) AND 4) / 4

o(4) = (INP(ad0) AND 8) / 8

o(5) = (INP(ad0) AND 16)/ 16

o(6) = (INP(ad0) AND 32) /32

o(7) = (INP(ad0) AND 64) / 64

o8 = (INP(ad0) AND 128)/ 128

OUT ad2, 0: REM: Pin 1 High

i(1' = (INP(ad1) AND 32) /32

i(2) = (INP(ad1) AND 16)/ 16

i(3) = -(((INP(ad 1) AND 128)/ 128) = 0)
i(4) = (INP(adl) AND 64) / 64

OUT ad2, 1: REM: Pin | low

i(3) = (INP(ad1) AND 32)/32

i(5) = (INP(ad1) AND 16)/ 16

i(7) = -((INP(ad 1) AND 128)/ 128) = 0)
it8) = (INP(ad1) AND 64) / 64

FETURN
1_| L s T s L e o T o, O ., T
» o |l _ o
5 -l = — - .
g 4-l . S
E sl S —
3 o_l — —
i P ——— — -
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1__| — g ST e — e — —_—
Db == e — -
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[ 5 | —_— —
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FIG. 8—RESULTING BIT PATTERN. The immediate problem is that the LED does not
light, verified in the bit pattern showing that inputs 17 and 18 are not switching.

the bit counter is incremented
and the next bit is sent out to
the parallel port. The status of

the port is then read and the
results are displayed. The soft-
ware then loops back to the bit
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counter, and the input/output
process continues. There is
more to the actual program
code, but the basic analyzer op-
eration is captured in just those
few steps.

Construction

The circuit layout is not crit-
ical, so you can use either the
PC board and parts-placement
diagram shown in Fig. 4. or fol-
low the schematic diagram and
build the circuit on an experi-
menter's breadboard. For either
assembly method. IC sockets
are recommended.

Once the circuit is con-
structed. and before you begin
the final wiring, decide on the
case style (if any) for enclosing
the analyzer. Because 16 wires
and test clips extend from the
circuit board. it is wise to
choose a wire-coding arrange-
ment that will help you easily
recognize each input and out-
put lead.

Use No. 20 stranded hookup
wire for the 16 input/output
leads, connecting one end to the
16 points identified as O1-O8
and ]1-I8. Again using No. 20
stranded wire, connect a red
lead to Clip 1 and a black lead to
Clip 2, and also connect switch
S1.

Decide if you want to have the
parallel port cable connected to
the board directly, or if you want
to add a DB-25 connector. For
the integral cable option, obtain
15 four-foot lengths of No. 22 or
24 stranded wire. or a four-foot
length of 15-conductor cable.
Then use those leads to connect
the appropriate points from the
circuit board to the pins of a
male DB-25 plug. If you use a
connector, make the appropri-
ate connections from the circuit
board to a female DB-25 socket
mounted on the back of the case
with wire cut to the size of the
enclosure.

The last step is to attach con-
nection devices to the 16 input/
output lines and power leads.
Use micro-clips for the 16 input/
output lines, and insulated
mini alligator clips for the
power and ground leads. Route
the wires through holes in the
enclosure and attach the con-
nectors. Complete the assembly

MON SOIU0JI08(T ‘G661 Areriqa
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FIG. 9—A NAND FUNCTION will produce a low logic level when the two inputs are high,

and produce a high legic level otherwise. Here’s the revised circuit.
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FIG. 10—RESULTANT BIT PATTERN of the circuit in Fig. 9.
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FIG. 12—THIS FINAL CIRCUIT configuration meets all of the original requirements; the
output is the input divided by 4, it is symmetrical, and the LED lights.
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by mounting the circuit board
in the enclosure and mounting
S1. Figure 5 shows the author’s
prototype unit.

Checkout

To test the analyzer, you'll
need a 9-volt battery, a volt-
meter, and a few jumpers. First
make sure that there is no con-
tinuity between the board and
the eight output leads O1-O8.
Then connect the power termi-
nals to the 9-volt battery (red to
+, black to —). The voltage be-
tween each of the output leads
and ground should be the bat-
tery voltage less the voltage drop
across diode D1. For example, if
your battery terminal voltage is
8.9 volts, the voltage at Ol
should be about 8.6 volts. The
actual voltage is not critical, be-
cause the drop across D1 and
the individual transistors will
vary slightly depending on the
actual devices installed.

Next, connect Ol to P1 pin 3;
02 should now read between O
and about 0.5 volt. Connect Ol
to P1 pins 4 through 9 in turn,
reading the outputs (O3
through O8 respectively). Fi-
nally, connect O2 to P1 pin 2and
read the output at Ol. This en-
tire procedure is summarized in
Table 1.

To check the interface input
circuits and parallel port con-
nections, use the program
MATEST.BAS shown in Listing
1. (All of the software for this
analyzer project will be made
available on the Gernsback
BBS, 516-293-2283, v.32,
v.42bis, as a file called MINI-
ANAL.ZIP) Extract the program
MATEST.EXE from the zipped
file or type it in by hand and run
it from @Basic. Connect each
numbered output to its corre-
sponding input (O1 to I1, O2 to
[2, etc.). Connect the power
leads to a 9-volt battery, and
connect the analyzer output to
your computer’s parallel port.
Place S1 in the CMOS position.

The program will use the out-
puts to create a logic 1 and then
logic O for each of the eight in-
puts. It will read the inputs to
determine if they were pro-
cessed correctly. When you ex-
ecute the program, it will ask

Continued on page 81
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SINEWAVE DOUBLER

Double the frequency of any sinewave from 10 Hz
to more than 50 MH:z.

HOW OFTEN HAVE YOU WISHED THAT
your signal generator would
generate a higher frequency?
The small module described in
this article doubles the frequen-
cy of any sinewave input,
providing outputs from 10 hertz
up to and beyond 50 megahertz.
It measures less than 2 x 3.5-
inches, and consumes about
one-third of a watt. It can be per-
manently installed in almost
anv signal generator or used as
an outboard module.

Theory of operation

A schematic of the frequency
doubler module is shown in Fig.
1. The core of the module is IC1,

STEVEN D. SWIFT

an Analog Devices AD834 wide-
band four-quadrant multiplier.
This IC provides wideband ana-
log multiplication of two input
signals, regardless of their po-
larity. In this circuit both X and
Y inputs are tied together to pro-
vide a squaring function.

The operation of IC1 is best
understood with the aid of sim-
ple mathematics. If the input is
assumed to be a normalized
(amplitude of 1) sinewave of fre-
quency f, then the input can be
written as:

Input = sin(2n/)

www americanradiohistorv. com

where

n = 3.14159...
J = frequency
t = time

The AD834 performs the follow-
ing function:

XY = sin(2nf) x sin{2xf)
(sin(2nf))?

A fundamental trigonometric
identity gives:

(sin(2nh)2 = (1 — cos(2(2nf)))/2
= (1 — cos(2n2f))/2

The last term shows a DC off-
set-as well as a cosine term with
twice the frequency as the in-
put. This performs the frequen-
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FIG. 1—SCHEMATIC OF THE FREQUENCY DOUBLER. An Analog Devices AD834
wideband, four-quadrant multiplier (IC1) provides wideband analog muitiplication of
two input signals.
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this circuit. Note, however, that
the amplitude is cut in half.

Since the AD834 provides dif-
ferential current-mode outputs.
load resistors R4 and R5, gain
resistors R6 and R7. and IC2 are
added to convert the signal to
an amplified and buffered sin-
gle-ended output. The AD8I11
wideband current-mode feed-
back amplifier (IC2) is config-
ured as a differential amplifier.
Capacitors C3 and C4 remove
the DC offset from the output.
Resistor R8 provides a nominal
50-ohm output impedance. and
R1 and R2 attenuate the input
signal and provide a low-imped-
ance source to IC1.

Inductors L1, 1.2, 1.3, and L5
and capacitors C5, C6, C7. C13.
and C15 perform high-frequen-
cy filtering and decoupiing. Re-
sistors R3 and R18 and capaci-
tors Cl, C2. and C16 provide
decoupling and biasing for IC1.

The circuit requiresa + 5-volt
supply at about 30 milliamperes
and -5 volts at about 40 milli-
amperes. Higher voitages. up to
+9 volts. can be used if the by-

+5V -5V
A A

7 C7J ic2 < R7 R5_R4 91-6- —R18= }
I YN ——— L
o NN R cal cal ok 315 ___]
. = —L{-ebm !
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: S
-8
@ T
i 24 i r
\_v_-/ (L (b'
OUTPUT INPUT

FIG. 2—PARTS-PLACEMENT DIAGRAM. Square pads are on pin 1 of all ICs and on the
positive leads of all polarized capacitors.

cy doubling function. The  shift from the original input,
cosine term exhibits a90°phase  but phase is of no concern in

wWwWwW americanradiohistorv com

pass capacitor voltage ratings
are increased. Higher voltages
provide higher bandwidths
with higher power dissipation.
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PARTS LIST

All resistors are Ye-watt, 1%, met-
al film, unless noted.

R1—17.8 ohms

R2—42.3 chms

R3—61.9 ohms

R4, R5—49.9 chms

R6, R7—499 ohms

R18—4.7 ohms, Ys-watt, 5%

Capacitors

C1, C5-C7, C16—0.1 uF, ceramic

C2-C4—100 uF, 6.3 volts, high-fre-
guency aluminum electrolytic

C13, C15—56 wF, 16 volts, high-fre-
quency aluminum electrolytic

Semiconductors

IC1—ADB34JN wideband multiplier
(Analog Devices)

IC2—AD811AN current mode am-
plifier (Analog Devices)

Other components

L1, L2—Leaded EMI bead (Pan-
asonic EXC-ELSA35, Digi-Key
P9820BK-ND)

| - ST0 INPUT

Tt YRR
S it
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Q0000000 g

o 5|
| u L
0\*‘-6\’0‘00 200 @l U3

E ('vl ———
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@ 1894 NOVATECH INSTRUMENTS .

FIG. 3—THE COMPLETED BOARD. The locations for extra components are for other

board aoplications.

l } l ua I
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L3, L5—3-terminal EMI filter (Pan-
asonic EXC-EMT103DT, Digi-
Key 9809CT-ND)

L4—not used

Miscellaneous: PC board, wire
jumpers, seven 0.025-inch
square posts (if desired), solder.

Note: The following items are
available from Novatech In-
struments, Inc., 1530 Eastlake
Ave. East, Suite 303, Seattle,
WA 98102:
® Complete kit of all parts
(Model DOUB-1, includes PC
board and documentation)—
$50.00

Please add $5 shipping and han-
dling for US and Canada. $10
overseas. Add $10 for COD or-
ders. Washington State resi-
dents must add 8.2% sales tax.
Check or money order only.
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Construction

Because IC1 and IC2 are high-
frequency components, you
must be extremely careful to
prevent high-frequency oscilla-
tions if you build the circuit on
a breadboard. It is preferable to
use a PC board. A foil pattern is
provided here. Keep all wires
short and place the bypass ca-
pacitors as close to IC1 and IC2
as possible. A solid ground
plane on the component side of
the PC board is recommended,
and IC sockets are discouraged.
If you must use sockets, use ma-
chined-pin, open-frame sockets
only.

As can be seen from the parts-
placement diagram, the board
has locations for extra compo-
nents not related to the dou-
bling function discussed in this
article. The additional features
were included to allow the board
to be used with other Novatech
synthesizers.

The parts-placement diagram
is shown in Fig. 2. Install all the
components as shown, taking
care to observe polarity on di-
odes and capacitors. Square
pads indicate pin 1 of all ICs and
the positive leads of all polarized
capacitors.

All resistors specified for this
circuit (except R18) are Ys-watt,
1% metal-film types. Their small
size and tight tolerance im-
proves high-frequency perfor-
mance and circuit matching. If
resistors other than metal-film
are substituted, the perfor-
mance of the frequency doubler

0003 MHZ 30 kHZ RES
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FIG. 5—FREQUENCY SPECTRUM of the output signal in Fig. 4.
The fundamental frequency is about 40 dB down from the dou-
bled frequency. 57

FIG. 4—INPUT AND OUTPUT. The top trace is the output of the
doubler with a 1-megahertz, 1.5-volt peak-peak input signal, and
the bottom trace is the input signal.
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FUN WITH
ELECTRONICS

«q []160—COIL DESIGN &
CONSTRUCTION MANUAL
<. $6.95. How to make RF, IF,
audio and power coils; chokes
and transformers. Practically
every possible type is dis-
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(3 PCP113—THE PC MUSIC P
HANDBOOK .... $13.95.
Learn the basics of computer
music systems. For the pro-
fessional musician, gifted am-
ateur or just plain curious.

i

«4 [1BP297—LOUDSPEAK-
ERS FOR MUSICIANS ....
$6.25. Loudspeaker design
from the musician’s point of
view! All you need o know,
and you should be able to de-
sign your own after reading
this.

[0 BP277—HIGH POWER P
AUDIO AMPLIFIER CON-
STRUCTION .... $6.25. Here's
background and practical de-
sign information on high power
audio amplifiers capable of
300+ 400 watts rm.s. You'll
find MOSFET and bipolar out-

put transistors in inverting and
non-inverting circuits.

4 [0BP302—A CONCISE
USER'S GUIDE TO LOTUS
1-2-3RELEASE 3.1 .... $6.25.
If you are a PC user and want
to upgrade to Lotus 1-2-3 re-
lease 3.1, this book can teach
you how to do thatin the short-
est and most effective way.

{1 BP298—A CONCISE IN- p
TRODUCTION TO THE MAC-
INTOSH SYSTEM AND
FINDER .... $6.25. This intro-
duction for those new to the
Mac, this book also serves as

a quick refresher for experi-
enced owners that have not
used the machine in some
time.

MAIL TO: Electronic Technology Today, Inc.
P.0. Box 240
Massapequa Park, NY 11762-0240
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will be degraded. In particular,
its distortion will increase, and
its bandwidth will decrease.

As mentioned tefore, C3 and
C4 provide DC blocking. The
values specified allow operation
down to about 10 hertz. If you
intend to use this circuit ex-
clusively above 5 kilohertz, bet-
ter high-frequency performance
can be obtained by substituting
0.1 uF ceramic capacitors. The
extra capacitors are included
with the kit for this purpose.
Figure 3 shows the board.

Checkout

Verify that all components are
installed properly and that
there are no solder bridges. Ap-
ply power to the board as indi-
cated in Fig. 2 (plus and minus
5 volts DC, both x= 0.25 volt).
Also connect a function gener-
ator set to approximately 1 volt
RMS to the signal input as
shown. Connect an oscilloscope
or frequency counter to the out-
put pin (the center pin of J2).

wwWwW americanradiohistorv com
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Observe that the output is
double the frequency of the in-
putsignal as the input is varied.
The typical 3 dB point of the
doubler is greater than 30
megahertz at the output. You
can adjust the input to vary the
output, but with an input above
about 1.5 volts RMS, the output
might be clipped.

The top trace in Fig. 4 is the
output of the doubler with a 1-
megahertz, 1.5-volt peak-to-
peak input signal, shown at 200
millivolts per division. The bot-
tom trace is the input signal at
500 millivolts per division. Fig-
ure 5 shows the frequency spec-
trum of the output signal in Fig.
4. The fundamental frequency
is about 40 dB down from the
doubled frequency, the second
harmonic is more than 65 dB
down, and the third is about 60
dB down. This fundamental fre-
quency feedthrough increases
to about —20 dB below the car-
rier as the outputis increased to
50 megahertz. Q
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ROBERT A. HEIL

THE MILLIOHM ADAPTER ALLOWS
resistances from 1 milliohm to 1
ohm to be measured with a high
degree of accuracy on any dig-
ital multimeter. The circuit
loads the device under test with
a current of 100 milliamperes at
5 to 6 volts. The adapter con-
nects to a DMM that is set on its
millivolt- or 2-volt scale.

Ohm’'s law says that resis-
tance ecjuals voltage divided by
current, or R = V/I. Thus, a
DMM reading of 5.7 millivolts
would correspond to 0.057
ohms. (5.7 mV/100 mA = 57
milliohms or .057 ohms.}

Circuit description

The milliohm adapter circuit.
shown in Fig. 1, is powered from
a 9-volt battery. A resistor to be
tested (Ry) is connected across
banana jacks J1 and J2, and a
pair of banana plugs, connected
directly to J1 and J2. plugs into
the voltage input jacks of a
DMM

Switch S1 applies battery
power to 7806 voltage regulator
IC1. Capacitor C1 removes volt-
age fransients. Resistors Rl
and R2 form a voltage divider
for the ground pin of IC1. Poten-
tiometer R2 trims ICls output
voltage to exactly 6-volts DC. Po-
tentiometer R3 sets the output
current through Ry to 100 milli-
amperes. Because R3 is a rela-
tively large resistance compared
to Ry, the error introduced by
different values of Ry (1 mil-

BUILD THIS

MILLIOHM
TESTER

Measure low resistances with

this super simple circuit that
connects to your DMM.

IC1
i 7896 oyrf8
GND 2RI
2 S
¢ Ro
i1 o 2
1 1gF < 1000
K ————1 -
a -
1 R, *
i S1 5 gV b
Lo o—HI-=--| RS
I BANANA

FIG. 1—MILLIOHM ADAPTER CIRCUIT.
A resistor to be tested (Ry) is connected
across banana jacks J1 and J2, and a
pair of banana plugs, connected directly
to J1and J2, plugs into the voltage input
jacks of a DMM.

liohm to 1 ohm), or the etfect it
will have on the 100-milliam-
pere current source, is below
2%.

Construction

A PC board is available from
the source given in the Parts
List. but the project is also easy
to breadboard. You must select
a case for the project before be-
ginning the assembly. The pro-
totype's case measures approxi-
mately 2 by 3% inches and is
about 1 inch deep. The case has
an aluminum cover.

A parts-placement diagram is
shown in Fig. 2. Stuff the board
as indicated, and check your
work before continuing. Re-
move the covers from the ba-

www americanradiohistorv com

nana plugs and place them into
the common and the volt/ohms
terminals of your DMM. Dab
some petroleum jelly or other
similar substance on the ends
of the jacks protruding from the
DMM. With the lid attached to
the project case and facing up,
press the upper left back of the
plastic case onto the ends of the
plugs stuck in the DMM. The
petroleum jelly will transfer
onto the project case and will
mark the hole locations for drill-
ing, allowing the adapter to plug
directly into the DMM. Perma-
nently mark those locations be-
fore continuing. Then turn the
case over and similarly mark

R T
o o

G

=

r—R1—

Rz || B3

- =T

J1 J2

T A

FIG. 2—PARTS-PLACEMENT DIAGRAM.
This circuit is simple enough to point-to-
point wire.
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the locations on the lid of the
case for the two banana jacks
directly above the holes for the
plugs.

Drill appropriately sized holes
in the case bottom and lid for
the banana plugs and jacks. Be
sure to use insulated jacks if
your case has an aluminum
nal plug covers. Next install the

Micuows

Avarren
THE ADAPTER looks like it was custom
made for this meter.

: PARTS LIST

%
Ed

_R1—1000 ohms «
R2, R3—100 ohms, 20-turn potien-
stiometer
C1—1 uF, disc capacitor

a!(31--~7806 6-volt reguiator

B1—9-volt battery

$1-—8PST momentary switch

J1, J2—banana jack/plug combo

Project case (Radio Shack No.
270-230 or similar unit), PC

¥ hoard, wire, solder.

Note: the”following items are
available from RAH Projects, ,
F.0.Box 15904, N.B., CA 92659:
@ Etched and drilled PC
board—$3.95 plus return
postage
® Parts kit including PC board
‘(no case)—$10.95 plus $2.50

* S&H )
Check or money order, only. Cali
_ fornia residents please add |
- sales tax. Allow 4 to 6 weeks for
- delivery. Personal check or-

ders will be shipped after the
funds have been cleared. .

cover. Solder a 3-inch piece of
test lead wire to each banana
plug and install them in the bot-
tom of the plastic case with No.
10-32 nuts instead of the origi-

FIG. 3—THE INSIDE of the completed unit. The case is large enough to contain the 9-

volt battery.

O

- o

h 3/4 INCH
MILLIOHM ADAPTER FOIL PATTERN.

banana jacks in the case cover.
Mount the PC board on the
cover as close to the jacks as
possible. You can secure it with
No. 4-40 hardware on one cor-
ner with a plastic spacer.

Any momentary switch will
work in the circuit, but make
sure there's enough room in the
case for the 9-volt battery. The
battery connector can be made
from an old 9-volt battery. Re-
move the old battery case and
cut the leads from the cells to
the connector at the top. Solder
on new wires, and keep in mind
that the small connector is now
negative and the large one is
positive.

wWwWWwW americanradiohistorv com

Attach the negative side of the
battery to the negative PC board
input and the positive side to
one side of the momentary
switch. Solder another wire
from the remaining side of the
momentary switch to the
positive PC board input. Solder
one output from the PC board
and one banana plug wire to a
spade lug on the back of one
banana jack. Do the same for
the other jack. Figure 3 shows
the inside of the completed
unit.

Calibration

With the cover still off, plug
the adapter into the DMM and
set the range of the meter to 20
volts. Press S1 and adjust R2 for
6 volts DC. Next, place an am-
meter across the banana jacks
and adjust R3 for a reading of
100 milliamperes. To calibrate
the circuit when used in con-
junction with test leads, short
circuit the leads together and
write down the reading: then
subtract that reading from any
readings you take with the test
leads. Now get out that junkbox
and start testing those compo-
nents with unknown values. 0
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RAY MARSTON

ACTIVE FILTERS OVERCOME THE
shortcomings of passive filters.
They are formed by adding ex-
ternal passive networks to an
operational amplifier. This arti-
cle focuses on low-pass and
high-pass active audio filters
that include the industry-stan-
dard 741 op-amp. It explains
how they can be tailored to meet
specific audio requirements.

The last article in this series
(January 1994) described the
basics of the operational ampli-
fier. Emphasis was given to its
application in audio-signal pro-
cessing. Some simple, op-amp-
based. linear amplifier circuits
were presented.

Audio filters

Audio filters reject unwanted
frequencies in signal process-
ing circuits and pass only the
desired frequencies. As with fil-
ters for all other {requencies,
there are audio high-pass. low-
pass, bandpass. and notch or
band-rejection filters. The sim-
plest audio filters are passive,
two-component resistor-capaci-
tor (RC) filters.

Figure 1-a is the schematic
for a simple L-section resistor-
input filter in which capacitor
C1 acts like an open circuit to
low frequencies and a short cir-
cuit 1o high frequencies. As a
result, this filter, called a low-
pass filter, passes low-frequency
signals, but rejects (severely at-
tenuates) high-frequency sig-
nals. The output of this filter

falls 3 decibels (dB) at a cutoff

frequency (/) where:
(1) fo = 1/(2nRC)

As shown in Fig. 1-b, frequen-
cy rolls off at a rate of 6 dB/oc-
tave (20 dB/decade) as the
frequency is increased beyond
cutoff. Consequently, a 1-kHz,
low-pass filter attenuates a 4-
kHz input signal about 12 dB,
and a 10-kHz signal about 20
dB.

A second simple, passive RC
filter is shown in Fig. 2-a. Itisa
capacitor-input, L-section filter.
Here the capacitor also acts like
an open circuit to low frequen-
cies and a short circuit at high

High- and Low-Pass
ACTIVE AUDIO FILTERS

Learn about high-pass and iow-pass
active audio filters, and design them
for your experiments and projects.

frequencies. Therefore, this
high-pass filter passes high-fre-
quency signals but rejects low-
frequency signals.

The output of this high-pass
filter is 3 dB down at a cutoff
frequency, as determined by the
formula (1) applied for the low-
pass filter of Fig. 1-a. As shown
in Fig. 2-b, it rolls off at a 6 dB/
octave rate as the frequency is

www americanradiohistorvy com

decreased below this value.
Consequently, a 1-kHz, high-
pass filter attenuates the signal
12 dB to 100 Hz.

Both of these filter circuits
have single RC stages and are
known as first-order filters. If an
indefinite number of the same
filter stages are cascaded to-
gether, the resulting circuit is
known an nth order filter, it

MON SO1U01}03|T ‘G661 Aerniqo
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FIG. 1—RESISTOR-INPUT, FIRST-order
RC filter (a) and response curve (b).
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FIG. 2—CAPACITOR-INPUT, FIRST-
order RC filter (a) and response curve (b
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FIG. 3—UNITY-GAIN, SECOND-ORDER,
10kHz, low-pass active filter.

would have an output rolloff,
beyond cutoff frequency of (n
X 6dB)/octave.

For example, a fourth order, 1-
kHz, low-pass filter would have
a slope of 24dB/octave, and it
would provide 48 dB of rejection
toa4-kHz signal, and 80dBtoa
10-kHz signal.

INPUT 3
(owz 9

FIG. 4—EQUAL COMPONENTS, second
order, 10kHz, low-pass active filter.

4 R1
~ 39K

R5 R6
16K 16K

< Rg -~
INPUT 20K c1 c2
0.001 |0.001

P3N ouTPUT
-

4
<
A
W
o
*
=
A
V
=
o
x

+ 3

FIG. 7—EQUAL COMPONENTS, second
order, 100-Hz, high-pass filter.

< R3
39K

R7 R8s
16K 16K

OUTPUT

|||—0

FIG. 5—~FOURTH-ORDER 10-kHz, low-pass filter.

Active filter circuits

Simple RC filters cannot be
directly cascaded because their
interaction would adversely af-
fect the results. However, they
can be effectively cascaded
through the use of feedback net-
works around operational am-
plifiers. Active filters based on
operational amplifiers can be
formed with external resistors
and capacitors, avoiding bulky
inductors.

Figure 3 is the schematic fora
Butterworth filter. It is a unity-
gain, second order, low-pass fil-
ter with a 10-kHz cutoff fre-
quency. The Butterworth filter
exhibits a maximally flat ampli-
tude response in the passband

j: R1
P 7.5K

! c1 c2
0150  0.150

INPUT

FIG. 6—UNITY-GAIN, SECOND ORDER,
100-Hz high-pass filter.

combined with moderate set-
tling time and moderate over-
shoot. This circuit’s output rolls
off at 12 dB/octave beyond 10
kHz. The output would, for ex-
ample, be 40 dB down at 100
kHz.

The formula for determining
the cutoff frequency of this But-
terworth filter is:

(2) fo = 1/(2.837RC)

The cutoff frequency can be
altered by changing the values
of the resistors and capacitors
in the active filter. The terms in
formulas (1) or (2) (as appropri-
ate) can be rearranged to solve
for a specific cutoff frequency,
provided that either the value of
the resistor or capacitor is set.

A minor drawback to the Fig.
3 schematic is the requirement
that one of it's capacitor values
should be precisely twice the
value of the other. (In Fig. 3, ca-
pacitor C2 has twice the value of
C1). This constraint typically
calls for finding nonstandard
capacitor values.

Figure 4 shows an alternative
active low-pass filter. It is a sec-
ond-order filter with a 10-kHz
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16K 4

FIG. 9—SECOND-ORDER SPEECH FILTER FOR 300 Hz to 3.4 kHz speech filter with a

second-order response.
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FIG. 10—VARIABLE HIGH-PASS FILTER
covering the 23.5 to 700 Hz band.

cutoff frequency that overcomes
the drawback of the circuit in
Fig. 3. The capacitors R4 and
R5 have equal values. The in-
dustry standard 741 op-amp,
specified in both Figs. 3 and 4,
provides a voltage gain of 4.1 dB
through resistors R1 and R2.
These must have the values
shown in Fig. 4. The cutoff fre-
quency for this “equal compo-
nents” filter can be determined
by formula (1), given earlier.
Figure 5 shows how two of
these “equal component” filters
can be cascaded to make a
fourth-order, low-pass filter

R4 9
Rl € 100K
10K €

R2 4:

10K &
T

OUTPUT

v

oV
RS € cz
100K 3 500pF

FIG. 11—VARIABLE LOW-PASS FILTER
covering the 2.2 to 24 kHz band.

with a rolloff of 24 dB/octave. In
this example, the gain-deter-
mining resistor ratio of R1/R2 is
39 kilohms divided by 5.87 kilo-
hms or 6.644.

The ratio of R3/R4 equals 39
kilohms/48.5 kilohms., which
equals 0.805, and the overall
voltage gain of the circuit is 8.3
dB. The nonstandard values of
R2 and R4 can be obtained by
connecting two standard 5%
tolerance resistors in series to
equal the values shown.

Figure 6 is a second-order,
100-Hz, high-pass filter with
unity gain. Resistor R2 has
twice the value of R1. Figure 7 is
an “equal component” version
of that filter in which R3 equals
R4. Figure 8 illustrates a fourth-
order, high-pass filter. The oper-
ating frequencies of the filters
in Figs. 6 and 7 and those of
Figs. 4 and 5 can be aitered the
same way as can be done with
the Fig. 2 schematic. The re-
sistor and capacitor values can
be increased to reduce the cut-
off frequency, or vice versa.

Figure 9 shows how the high-
pass filter schematic of Fig. 7
and the low-pass filter sche-
matic of Fig. 4 can be connected
in series to make (with suitable
component value changes) a
300-Hz to 3.4-kHz speech band-
pass filter. It gives 12dB/octave
rejection to all signals outside of
that frequency range.

In the high-pass filter of Fig.
7. the capacitor values are one-
third of the original values to
raise the cutoff frequency from
100 Hz to 300 Hz. In the low-
pass filter of Fig. 4, the original

i A 4 4

¥

A'“V
A8 b
100K |

]
| S
A9 i’

100K

Y

hAAS

OUTPUT

1k
i

FIG. 12— VARIABLE HIGH-PASS/LOW-PASS FILTER for filtering rumble, scratch, and

speech.
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resistor values are multiplied by
2.94, to reduce the cutoff fre-
quency from 10 kHz to 3.4 kHz.

Variable active filters

The most versatile active filter
is one whose crossover frequen-
cy is fully and easily variable
over a fairly wide range. Figures
10, 11. and 12 are three practical
schematics of second-order
variable active filters.

The Fig. 10 schematic is a
simple modification of the high-
pass filter snown in Fig. 6, but
its cutoff frequency is variable
from 23.5 Hz to 700 Hz by uni-
formly adjusting matched po-
tentiometers R3 and R4. (They
can be mechanically ganged.) In
this circuit the resistors in the
RC networlks have identical val-
ues (unlike those in Fig. 6), so
this design does not give the
maximally flat Butterworth fil-
ter characteristic. Nevertheless,
it still offers very good filter per-
formance.

This circuit can function as a
high-quality rumble filter for an
LP disk turntable. "Fixed" ver-
sions of this filter usually have a
cutoff frequency of 50 Hz.

The Fig. 11 schematic is a
modification of the high-pass
filter shcwn in Fig. 3, but its
cutoff frequency is fully variable
from 2.2 kHz to 24 kHz by uni-
form adustment of matched po-
tentiometers R3 and R4.
(Again, these can be ganged.) As
in the Fig. 10 schematic, this
filter does not provide the max-
imally flat Butterworth charac-
teristic. This is a high-quality
filter for removing scratch
noise. “Fixed” versions of this
filter typically have a cutoff fre-
quency of 10 kHz.

Figure 12 is a schematic
showing how the filters in Figs.
10 and 11 can be combined to
form a versatile. variable. high-
pass/low-pass filter for remov-
ing rumble and scratch noise
from speech. Both the low-pass
and high-pass cutoff frequen-
cies are fully variable. By uni-
formly adjusting matched (or
ganged) potentiometers R6 and
R7, the high-pass cutoff fre-
quency can be varied from 23.5
Hz to 700 Hz. Similarly, R8 and
R9 can vary the low-pass fre-
quency from 2.2 kHz to 24 kHz.
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FIG. 13—BASIC CIRCUIT FOR A BASS tone-control network (a) and equivalent circuits

for boost (b), cut (c), and flat (d).
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wwWw americanradiohistorv com

MON SOIUCIND8|T ‘G664 A/Bniqay


www.americanradiohistory.com

Electronics Now, February 1995

Whaddya Say To
A Guy Who's Had
The Same Job
For b0 Years,
Has Never Called
[n Sick Or
ohowed Up Late,
Never Taken A
Vacation Or A
Holiday, Never
Asked For A
Raise Or Griped
About His Bonus
And, Believe It Or
Not, Has No
Plans For
Retirement”

Remember - only vou can prevent forest fires,
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FIG. 15—PASSIVE BASS AND TREBLE tone-control network.

Tone-control networks

The most popular variable fil-
ter circuits are those dedicated
to audio tone control. They al-
low the system’s frequency re-
sponse to be altered to suit
individual hearing require-
ments or moods. Moreover, they
can compensate for anomalies
in room acoustics.

Before discussing tone-con-
trol circuits, some basic tone-
control concepts and circuits
will be analyzed.

Figure 13-a shows a typical
passive, bass, tone-control net-
work. It can boost or reduce
(cut) the low frequencies within
the audio spectrum of 20 to
20,000 Hz. The vertical double-
ended arrow next to trimmer
potentiometer R3 indicates the
direction of wiper movement to
obtain boost (up) and cut
(down).

Figures 13-b to 13-d illustrate
the equivalent circuits when
potentiometer R3 is set for max-
imum boost, maximum cut,
and flat positions, respectively.
Capacitors C1 and C2 are effec-
tively open-circuited when the
frequency is at its lowest bass
value.

Consequently, as shown in
Fig. 13-b, the boost circuit is
equivalent to a 10-kilohm re-
sistor divided by a 101-kilohm
resistor. Bass signals are only
slightly attenuated.

The Fig. 13-c reduction or cut
equivalent circuit, by contrast,
is equal to a 110-kilohm resistor
divided by a 1.0-kilohm. This re-
sults in about a 40 dB attenua-
tion of bass signals. Figure 13-d
shows potentiometer R3 set to
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its flat position. In that posi-
tion, 90 kilohms of the resistive
element is above the wiper and
10 kilohms is below it. The cir-
cuit is equal to a 100-kilohm re-
sistor divided by an 11-kilohm
resistor.

This circuit arrangement
produces about 20 dB of at-
tenuation at all frequencies. As
aresult, the circuit gives a max-
imum bass boost or reduction
of about 20 dB relative to the flat
signals.

Figure 14-a is a typical sche-
matic for a passive treble tone-
control network. The network
can effectively boost or reduce
the high-audio frequencies
within the 20 to 20 to 20,000
kHz audio spectrum.

Figures 14-b to 13d illustrate
electrically equivalent circuits
under the maximum boost,
maximum reduction, and flat
operating conditions, respec-
tively. This circuit gives about
20 dB of signal attenuation
when R3 is in the flat position,
and maximum treble, boost, or
reduction values of 20 dB rela-
tive to the flat performance of
the filter.

Figure 15 shows how the cir-
cuits in Figs. 13-a and 14-a can
be combined to make a com-
plete passive bass and treble
tone-control network. Ten-kil-
ohm resistor R5 has been added
to the circuit to minimize un-
wanted interaction between the
two sections of the circuit. The
input to this circuit can be
taken directly from an ampli-
fier's volume control, and the
output can be fed to the input of
a main power amplifier. Q0
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DENNIS EICHENBERG

WE ARE SURROUNDED BY BOTH
open-loop and closed-loop con-
trol systems that are not usually
recognized by those names. An
open-loop control system can
perform a useful function with-
out having its performance con-
tinuously corrected. By con-
trast, a closed-loop system
requires continuous monitor-
ing and correction to carry out
its function.

Both of these systems play im-
portant parts in our lives, but
the availability of low-cost. relia-
ble, solid-state electronics is
making closed-loop control, es-
pecially servosystems, more
cost-effective than ever.

Generally speaking. the terms
open-loop and closed-loop con-
trol systems apply to electronic,
mechanical, and electro-
mechanical systems, but bio-
logical systems also exhibit
many of the same charac-
teristics. Some common exam-
ples of open-loop systems are a
table fan, a space heater, an
electric drill, and a vacuum
cleaner. Those appliances are
usually powered from the AC
line and turned on and off with
a switch. A change in load, volt-
age, motor speed, or operating
environment can cause a
change in their operating
characreristics.

As a result, some of those ap-
pliances have controls that per-
mit speed, temperature, airflow,
or some other variable to be ad-
justec within limits. While
those controls compensate for
changes in operating condi-
tions or environment, continu-
ous adjustment of their controls
is not required for the appli-
ances to perform their intended
functions.

Figure 1 is a block diagram of
an open-loop control system
that is drawn with standard
control engineering conven-

CONTROLLER

AND
AMPLIFIER

Learn the fundamentals of closed-loop
control systems—their design and
applications.

tions. Anarrow at the input side
of the two blocks represents the
desired function. The first box
labeled controller and amplifier
represents those components
that translate the input setting
into a means for controlling an
actuator—in this diagram a
motor—and its load. The out-
put represents the desired per-
formance of the appliance.

By contrast. a closed-loop
control system, as shown in Fig.
2, requires continuous correc-
tion for optimum performance.
The loop is closed by a sensor or
transducer capable of measur-
ing some physical variable and
translating that measurement
into a signal that can be mixed
with the system input signal,

MOTOR AND 1LOAD

FIG. 1—A DIAGRAM FOR AN OPEN-LOOP CONTROL SYSTEM that could represent

any of a number of different household appliances.

www americanradiohistorvy com

which is a reference signal or
setpoint. The objective of the
system is to make its output
equal to its input.

The feedback sensor mea-
sures a physical variable such
as voltage, current, velocity, po-
sition, temperature, or pres-
sure, and a signal proportional
to that measured value is com-
pared with (subtracted from)
the input. The difference is
called the error signal, or simply
the error.

Both the feedback signal and
the input or reference signal
must be in the same domain
(such as a voltage or current
level) for the signals to be
mixed. The output of the mixer,
the error signal, is proportional
to the difference between the
feedback and the input signal.
That error signal is then applied
to the system amplifier as a cor-
rection signal.

If the output is equal to the
input, this difference is zero,
and no signal reaches the actu-
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FIG. 2—A DIAGRAM FOR A TYPICAL CLOSED-LOOP SYSTEM that could represent a
machine tool, a process controi, or a robot axis.

ator (also a motor in this di-
agram) with its load. Hence the
system output remains at its €x-
isting value. In a properly de-
signed system, if the error is not
zero, the error signal causes a
response in the actuator that is
intended to reduce the magni-
tude of the error to zero.

A closed-loop system is essen-
tially insensitive to changing
conditions in the system and.
therefore, will continiue to func-
tion correctly despite changes
in load, amplifier gain, wear on
the mechanical components,
and even changes in the am-
bient temperature.

However, a system consisting
of these elements is inherently
unstable, and it can be consid-
ered as analogous to a spring
with a weight on one end. Care
must be taken to ensure that
the system is not subjected to
too great an error signal or a
destructive chain of events
could follow.

The controller and amplifier
perform an interface role which
includes filtering out irrelevant
signals from the actuator. It is
usually not practical to apply
the error signal directly to the
actuator. Among the many
forms of closed-loop systems are
the home-heating system, auto-
mobile cruise controls and anti-
lock-braking systems (ABS),
and linear and switching power
supply voltage regulators.

Figure 3 is a block diagram of
a home heating system with a
single feedback loop. Here, a fur-
nace (gas-, oil-, or electric-fired),
a motor, and a fan form the
plant, and the air in a room or
house is the load. If this system
did not have a feedback loop
(i.e., it was operated open-loop),
once switched on, it would con-
tinue to run indefinitely until it
was shut down manually.

Most home heating plants are
designed so that if they ran con-
tinuously, they would raise the
room or home interior tempera-
ture well above human comfort
level even during the winter,
making the living space too hot
for the comfort of its occupants.
Exceptduring the most extreme
cold weather, the well designed
heating plant does not run at
full capacity. Under normal
winter weather conditions, the
excess heat is neither desired
nor required, so continuous op-

eration would only waste both
electric power and fuel.

In the regulated home-heat-
ing system, the input is the
manual setting of the ther-
mostat, which performs two
functions. If an increase in
room temperature is desired,
the setting on the thermostat is
increased. The thermostat also
functions as the sensor in the
temperature feedback loop.

A thermal switch based on a
bimetal element which bends
up or down when the tempera-
ture changes, the home-heating
thermostat is wired in a sepa-
rate low-voltage circuit. Its con-
tacts close when the ambient
air temperature is below the
manually adjusted temperature
setpoint. When those ther-
mostat contacts close, a low-
voltage step signal is sent to the
coil of the power relay which
closes its AC line contacts and
applies power to the plant.

Servosystem Terms

Encoder—An electromechanical
component that converts motion into
output pulses that can be counted to
determine the position of an actuator or
servomotor. The most common form of
encoder for a robot is an optical shaft
encoder that can measure shaft revolu-
tions per minute or shaft angle. These
sensors contain a rotating disk whose
opaque areas intermittently break or
“chop” an internal light beam between a
photoemitter and a photosensor.

The two basic types of optical shaft-
angle encoder are the incremental and
absolute encoders. There are aiso lin-
ear encoders that measure machine
movement over a straight-line path.

Robots are usually fitted with incre-
mental optical shaft encoders because
they are easier to interface to computers
than absolute encoders. Their up-down
counting circuits accumulate output
pulses which permit them to indicate ex-
tremely small changes in the encoder's
shaft position.

Absolute encoders measure actual
shaft position and retain that information
even after power shutdown. They are
more expensive but, uniike incremental
encoders, do not have to be syn-
chronized or reset after they are
stopped.

Resolver—A rotary electromechan-
ical transformer that contains a rotor and
a stator with two winding 90° apart so
that they provide sine and cosine out-
puts as a function of rotor position. Its
construction is similar to that of an elec-
tric motor. Brushless resolvers permit
the primary excitation voltage to be cou-
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pled through a transformer rather than
through brushes and slip rings. It is an
alternative to the encoder for providing
position feedback.

The rotor winding is excited by an AC
reference voltage. The magnitude of the
voltage induced in any stator winding is
proportional to the cosine of the angle
between the rotor-coil axis and the
stator-coil axis.

Resolvers measure this phase angle
difference between the AC reference
voltage input and the output of the rotor
colls. Rotor position can be determined
by comparing the time-phase shifted
output signal with the input signal. Re-
solvers are usually mechanically cou-
pled to the servomotor.

Position can be converted into a dig-
ital format with electronic circuits that
count the number of pulses between the
zero crossing of the two signals. There
are three widely used techniques for
converting resolver outputs into digital
format: (1) tracking, (2) successive ap-
proximation, and (3} time/phase shift.

Tachometer—A generator that pro-
duces a DC output voltage that is pro-
portional to the angular speed in
revolutions per minute at which it is driv-
en. When used as a sensor in the ve-
locity feedback loop of a servosystem, it
is coupled mechanically to the rotating
shaft of the servomotor, usually through
gears. When the tachometer output sig-
nal is mixed with a reference signal or
setpoint, it produces an error.

Transfer function—The mathematical
relationship between the output and the
input of a control system.
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In this system, the relay func-
tions as an amplifier and buffer
that filters out unwanted tran-
sients in the feedback loop.
Once turned on, the plant will
remain on until the ambient
temperature of the room
reaches or slightly exceeds the
setpoint. At that temperature,
the thermostat contacts open,
causing the relay contacts to
open, which shuts down the
plant.

A home heating system is
classed as a “bang-bang” con-
trol system because the ther-
mostat contacts are either open
or closed. However, the error is,
nevertheless, proportional to
the difference between the set-
point and the ambient room
temperature.

In an actual home heating
system, there are likely to be a
time celays in the relays that
control the fan and furnace. Fan
turn- on might be delayed until
the furnace reaches a specified
temperature to prevent it from
blowing cold air, and its shut-
down mightbe delayed so that it
will dissipate residual heat in
the furnace.

Regulators vs. servosystems
Because of differences in
their characteristics and objec-
tives, closed-loop control sys-
tems are usually classed as
regulators or servomecha-
nisms. If the control system

must maintain a physical varia-
ble at some constant value in
the presence of disturbances,
the system is usually called a
regulator. Regulators typically
control such variables as volt-
age, current, light intensity,
pressure, or pH factor.

Power supply voltage reg-
ulators {as discussed in Elec-
tronics Now, December 1994,
page 69) are examples. They
maintain the supply’s output
voltage at a constant value de-
spite changes in the electrical
load. Another example is the
human physiological response
system that maintains the tem-
perature of the body at approxi-
mately 98.6°F in temperature
environments that can vary
widely from the human comfort
zone of about +72°F =10°.

The term servomechanism
was originally applied to sys-
tems that are mechanically driv-
en by the error signal between
the input and the output or load
position so that the load posi-
tion output will agree with the
input in position or motion.
However, the term servosystem
is now widely applied to any au-
tomatic control system in which
a physical variable must follow,
or track, some desired time
function.

One example of a servomech-
anism is the automatic pilot
that keeps an aircraft flying at a
preset altitude and speed on a

fixed course, despite wind
shifts, turbulence, and engine
speed changes. Another exam-
ple is the robot in which the end
effector or robot hand is moved
over a path in space to accom-
plish some task. Both of these
systems include multiple ser-
vomechanisms, each of which
might have multiple feedback
loops to control different varia-
bles simultaneously.

Velocity and position control

Figure 4 is the block diagram
for a velocity control system. In
this servomechanism, the
motor is called a servomotor. A
tachometer in the feedback loop
senses the speed of the ser-
vomotor and feeds back an elec-
trical signal (voltage or current)
that is proportional to motor
shaft speed or velocity. Here the
feedback loop ensures constant
motor output velocity.

This closed-loop system can
be included in a machine tool or
power drill to compensate for
differences in the load—the ma-
terial it is cutting or drilling.
Hard materials will slow down
the drill or other cutting tool,
while soft material will allow the
motor to speed up.

In a motor velocity feedback
loop containing a tachometer,
tool speed will remain constant
because, if the cutting tool
slows, the feedback signal com-
mands the motor to speed up.
Similarly, if the tool cuts
through the work or encounters
unusually soft material, the
feedback loop will prevent the
motor from racing.

However, if required by the
application, additional control
circuitry can be included to
bring the motor up to a desired
velocity gradually (ramp up)
and then gradually ease it back
to a stop (ramp down). The ve-
locity profile can be a triangle
(ramp up and ramp down) or it
can be a trapezoid (ramp up,
hold at a specified velocity for a
specified time period, and then
ramp down).

Figure 5 is the block diagram
for a position control system. In
addition to a tachometer in its
velocity control feedback loop,
this servomechanism has a sep-
arate position feedback loop
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FIG. 6—PLOT OF A VOLTAGE STEP FUNCTION at the input of a servosystem (a), and
the plot of oscillations at the output of an unstable, undamped servosystem (b).

that includes either an optical
encoder or a resolver.

Either of those sensors can
determine when the servomotor
shaft has arrived at the desired
angular position by counting
pulses and comparing them
with the input signal before
stopping the shaft when the
counts are equal. There is also a
block labeled integrator in Fig.
5. It is usually an electronic cir-
cuit that controls shaft posi-
tion. A velocity sensor in the
feedback loop of a position con-
trol system helps to stabilize it.

In a torque control system,
servomotor torque is kept con-
stant. Because servomotor tor-
que is proportional to ser-
vomotor current, a constant
current must be furnished to
the motor to maintain the tor-
que. This is typically done with
a circuit that compares the ser-
vomotor's output current with
its input current and amplifies
the difference for use as a tor-
que-control feedback circuit.

Incremental motion control
systems include a means for
switching from one control
mode to another to obtain the
desired performance. A velocity/
position control, for example,
can control motion with velocity
in accordance with a desired ve-
locity profile, but it can be

switched to position control to
stop the shaft more accurately.
This system is included in ad-
vanced robots to be discussed
later.

Servosystem features

The components of all ser-
vosystems are essentially the
same, but the refinements de-
pend on desired performance
requirements. As stated earlier,
the objective of all servosystems
is to maintain zero error and re-
spond to all deviations as fast as
possible. Feedback in closed
loops provides the necessary ac-
curacy because the servosystem
continually tries to correct any
error that exists.

However, this corrective ac-
tion can cause dangerous in-
stability in the system if the
components have large ampli-
fication characteristics and are
allowed to respond over periods
that are too long. An unstable
system does not maintain zero
error and permits large varia-
tions or even sustained oscilla-
tions of the system actuator or
servomotor.

For stable system operation,
it is necessary that the system
be designed with an adequate
margin of stability. This will per-
mit the system to recover
rapidly and smoothly from the
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shock of irregular or “step” in-
puts. However, the require-
ments for accuracy and speed of
response are not independent of
the requirements for stability.

If a servosystem requires high
amplification, the time allowed
for corrective action must be
minimized. The consequences
of a long time delay are usually
less serious in a low-gain sys-
tem. After corrective action has
been initiated in a servosystem,
it is important that the output
not be driven beyond the desir-
ed position.

It is also important that there
be sufficient compensation for
inherent delays in the system.
Attempts to improve accuracy
can cause instability; converse-
ly, providing wide margins of
stability can decrease accuracy.

Step function response

The stability of a servosystem
can be determined by subject-
ing it to a large input error
called a step command or step
Jfunction and observing the re-
sponse. A step function is illus-
trated as a fast-rising voltage
levelin Fig. 6-a. A stable control
system will always return to a
stable operating state unless it
fails catastrophically. However,
an unstable system will go into
oscillations, and these will usu-
ally continue until some key
component fails.

There are four possible re-
sponses to a step command in a
closed-loop servomechanism:
underdamped, overdamped,
critically damped, and unsta-
ble. Figure 6-b shows the effect
of a step function on a fric-
tionless velocity control (single-
feedback loop) servosystem
such as the one shown in Fig. 4.
The output pattern looks like a
sinewave.

The amplifier amplifies the er-
ror signal and the load on the
output shaft has inertia (it is
sluggish in its response). As a
result, the system has the abil-
ity to store energy and release it
to sustain oscillations. Thus, if
the input shaft is suddenly dis-
placed by a step function, the
large resulting error is ampli-
fied. This causes the ser-
vomotor to accelerate in the
direction necessary to cancel
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the error, shown as the positive
sloping curve starting at the ori-
gin of Fig. 6-b.

Nevertheless, because of ener-
gy stored in the load, the output
shaft continues turning past
the position: of input-output
alignment (indicated by the dot-
ted horizontal line in Fig. 6-b).
This response, called overshoot,
occurs because there is no fric-
tion in the system to damp it
out.

However, once the output
shaft has passed the alignment

OUTPUT ERROR
W

FIG. 7—RESPONSES OF A servosystem
to the braking of a step input command:
Curve 1—underdamped; Curve 2—over-
damped; and Curve 3—critically damp-
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position, the polarity of the er-
ror will be reversed, and this er-
ror will also be amplified. The
reversed error causes a reversal
of motor output torque, which
then opposes the movement of
the load initiated by the step
function.

The output shaft continues to
move in the same direction be-
cause of its inertia. Meanwhile,
the reverse error signal and
motor torque increase until the
motor torque is great enough to
overcome the inertia of the load
and bring the output shaft mo-
mentarily to a halt.

Nevertheless, the negative er-
ror persists and the motor tor-
que accelerates the output shaft
back in the opposite direction
as shown in the negative going
curve in Fig. 6-b toward the
alignment position. But it con-
tinues on in what is termed un-
dershoot. This undesirable and
potentially destructive oscilla-
tion, known as hunting, will
continue unattenuated in a fric-
tionless system, unless a means
is found to remove energy from
the load.

Friction braking is one of the
most effective methods for
damping out or suppressing
undesirable hunting. If a brake
is mounted on the output shaft,
it will remove energy while the
shaft is in motion. The speed of

POWER
| ISOLATION
| TRANSFORMER

| PosiON VELOCITY POWER GEAR LOAD
| conTroLLER | CONTROLLER AMPLIFER o | FILTER WOTOR

TACHOMETER

RESOLVER OR
ENCODER

www americanradiohistorvy com

damping depends on how the
friction is applied to the output
shaft.

Figure 7 illustrates graph-
ically the three other forms of
response to a step function:
overdamped, underdamped,
and critically damped. As fric-
tion is increased, the number
and amplitude of overshoots
and undershoots decreases.
The underdamped curve is la-
beled as curve 1. By contrast, if
excessive friction is applied to
the system, the result is the
overdamped curve 2.

When the system is critically
damped, the response is shown
as curve 3. This curve is the re-
sult of just enough braking to
prevent minimal overshoot.
However, most servosystems are
designed for slight underdamp-
ing because they are more re-
sponsive than if they were
designed either critically damp-
ed or overdamped.

The inertia of the ser-
vosystem's mechanical load
stores energy like a flywheel. An-
other distinguishing charac-
teristics of these systems occurs
if a sinusoidal voltage rather
than a step voltage is applied to
the servomotor. The output
shaft will move sinusoidally and
will lag the motor voltage. Other
time lags are introduced by the
motor itself.
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System bandwidth

The bandwidth of a ser-
vosystem is the frequency band
over which amplifier gain is es-
sentially constant. [t is defined
as the frequency difference be-
tween the half-power points, la-
beled A and B in Fig. 8., plotted
on a graph of output voltage vs.
frequency. If it is assumed that
load resistance is constant, the
midband output voltage is the
amplitude of the constant out-
put voltage between the half-
power points A and B.

The half-power points are
those points at both ends of the
frequency curve where output
voltage has fallen to 70 %
(0.707) of its midband voltage.
Bandwidth can also be defined
as the response of a system as
frequency is increased from its
lowest value of useful output, A,
to its highest value of useful
output, B.

Digital vs. analog systems

A digital servocontrol system
has at least one digital compo-
nent in its control loop. That
component could be a micro-
processor, a microcontroller, an
optical encoder or a pulse-width
modulated (PWM) servomotor
amplifier. In general, digital
components improve system
performance by allowing more
flexibility in the design.

A digital servosystem might
also have analog elements such
as the servomotor, a resolver, or
amplifier. If the system has a
digital controller such as a mi-
croprocessor or microcontroller,
it processes the data in digital
format. This conversion calls
for the inclusion of such compo-
nents as resolver-to-digital and
digital-to-analog converters
that interface between the two

data formats. A servomotor can

be driven by either digital or
analog signals.

However, an optical encoder
quantizes actuator or ser-
vomotor shaft position and pro-
duces a digital signal which can
be fed directly to the digital con-
troller circuit with no additional
conversion.

Practical applications
The modern automobile is
classified as an open-loop sys-

tem although it might contain
as many as a half dozen closed-
loop regulators or servosystems.
However, when the automobile
isbeing driven, it can be consid-
ered to be a system whose multi-
ple loops are closed around a
human driver.

The eyes, ears, nose, and tac-
tile senses are all sensors that
feed information to the brain
about driving conditions. In ad-
dition to viewing the condition
on the road such as traffic, the
color of traffic lights, and con-
struction obstructions, the eyes
can also scan the instrument
panel to determine the status of
such variables as speed, engine
temperature, engine revolu-
tions, and fuel level.

The ears detect open-doors,
unusual engine noises. or audi-
ble warning signals. The nose
can detect burning smells indi-
cating engine or brake trouble,
and the tactile sensors can
warn of rough patches on the
road that call for slowing the car
and perhaps making a detour
around them.

The brain, acting as the con-
troller, filters all of those incom-
ing (multichannel) messages
and directs the hands to turn
the steering wheel and the foot
to apply pressure to the acceler-
ator (and alternately to the
brake pedal). In this situation,
human muscles are analogous
to the servomotors.

The robot is a kind of limited
capability substitute for a
human being. It is defined as a
reprogrammable, multifunc-
tion manipulator that moves
objects through programmed
motions for the performance of
various tasks. Thus a robot is
able to perform monotonous,
heavy-duty jobs in dangerous or
inhospitable environments
such as welding, paint spray-
ing, grinding, and heavy mate-
rials handling.

Nevertheless, light-duty
robots can measure and inspect
finished products and pick up
and place miniscule compo-
nents on circuit boards at high
speed with high accuracy.
These machines relieve hu-
mans of monotonous but not
necessarily dangerous tasks.

However, the programmable
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controller separates the true
robot from a telecheric or robot-
like systems such as a remote-
controlled, tracked land crawler
for bomb disposal or a remote-
controlled, submersible vehicle
for undersea exploration. Those
machines are, like the auto-
mobile, manually operated.
This might not be obvious be-
cause the human operator
could be hundreds of feet or
even several miles away. The
platform is guided by a picture
obtained from a TV camera, and
commands are sent over cable
or radio links.

A true robot can complete a
well defined task without
human intercession, and it
might also include the ca-
pability for adapting to certain
minor changes in the environ-
mental or working conditions.
Today, the feedback loops of
most robots are closed around
microprocessors programmed
with software or micro-
controllers programmed with
firmware.

Robot servosystems

To be useful, the robot’s end
effector or hand must be capa-
ble of moving in three dimen-
sions with three degrees of
freedom: pitch, roll, and yaw. To
accomplish this, some sophisti-
cated robots have as many as six
movable axes, each including
some form of actuator or ser-
vomotor. Those permit precise
positioning of the end effector
that contains the tool.

Today, most industrial robots
are driven by DC electric motors
because they offer fast, accurate
response. (Some light-duty
robots have pneumatic ser-
vomotors, and some heavy-duty
robots have hydraulic ser-
vomotors.) Figure 9 is a block
diagram of a typical robot DC
servomotor system for one axis.
Not shown are blocks represent-
ing A/D and D/A converters and
associated multiplexing circuit-
ry for signal processing and
transmission. '

Multipurpose machine tools
and industrial process controls
might also inciude servo-
systems similar to those found
in robots, especially if they are
computer controlled. Q0
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' Sciéntific resources, online services, automotive computer basics,
servicing intermittent problems, and “mystery band” opportunities.

DON LANCASTER

pair of new scientific re-
sources might be of inter-
est to you. One is Shawn

Carlson’s new Society for Amateur
Scientists. It is intended to foster
collaboration between amateurs
and professionals. It offers some
new methods for individuals who
want to do credible research.

Carlson says, “"We are preparing
to support amateur projects with
grants, awards, equipment and ex-
pert advice. Our philosophy is to
focus on people and let the science
largely take care of itself.”

Meanwhile, Carl Helmers of Byte
Magazine fame is starting up a new
SETIQuest magazine. The subjects
will include bioastronomy tutorials,
amateur microwave and optics ex-
periments, reviews, and do-it-your-
self projects. Only recently have
useful SETI power tools for serious
amateur research become gener-
ally available.

Car computers

| recently had an unpleasant and
outrageously expensive experience
with a “factory certified” mechanic
at a major automobile dealership.
He could not even find my car’s en-
gine control computer, let alone re-
pair it. In the process, | learned a lot
more than | wanted to about car
computers and servicing.

A gasoline engine basically mixes
aromatic hydrocarbons with air. It
then compresses the mixture, and
ignites it with an electrical spark
from the spark plug. In general,
there must be real-time control over
air flow, gasoline feed, and timing of
the sparks.

A car computer optimizes this
control process to give knock-free
power and fuel economy while mini-
mizing the pollutants exhausted.
Figure 1 is a typical setup.

In any chemical reaction, there
must be some optimum mix of con-

stituents. If too much gasoline is
introduced, the mixture will be rich
and there will be a lot of leftover
hydrocarbons in the exhaust.

if there is too much oxygen from
the air, the mixture will be lean. Left-
over oxygen is not bad by itself, but,
at the high cylinder temperatures
and pressures of a modern engine,
it readily combines with all the un-
used nitrogen in the air to form high-
ly polluting nitrogen oxides. These,
in turn, form smog.

A stoichiometric mix gives just
the right chemical ingredients so

that zero input will remain when the
reaction is completed. Combining
14.7 parts of air with one part of
gasoline results in minimum pollu-
tion. On the other hand, a mix of
12.6:1 gives maximum power and
15.4:1 gives the best fuel economy.
But there is surprisingly little degra-
dation of fuel economy at a mini-
mum pollution point.

One of the two main tasks of a car
ignition computer is to set up a
closed-loop system that continu-
ously adjusts fuel and air to maintain
an optimum stoichiometric mix-
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FIG. 1—THE TWO MAIN TASKS of an auto ignition computer are to optimize the air to
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gasoline ratio for pollution and to control the spark timing for performance.
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fure—a mixture that is neither too
rich nor too lean.

An oxygen sensoris a device that
generates an output voltage in the
absence of oxygen and no output in
its presence. Figure 2 shows a typ-
ical output.

The oxygen sensor is normally lo-
cated in the exhaust stream just
before the catalytic converter and
muffler. The voltage output of an
oxygen sensor is A/D converted
and routed to the engine computer.
The computer then adjusts the gas/
air mixture so that it has low pollu-
tion and good fuel economy.

Figarois one resource for oxygen
sensor information.

How does your computer adjust
its gasoline/air mixture? The pre-
cise details depend on your car's
system. I'll describe an older Bosch
system that uses an airbox, individ-
val pulsed fuel injection, and dated
“electronic over mechanical” igni-
tion distribution. In this system, the
throttle controls the air going into
the engine, not the gas. '

The quantity of air selected must
be measured and A/D converted
into a computer input. An airbox
vane drives a potentiometer whose
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The Whole Works (all PostScript)  379.50

FREE VOICE HELPLINE VISA/MC

SYNERGETICS

Box 809-RE
Thatcher, AZ 85552
{(602) 428-4073

CIRCLE 205 ON FREE INFORMATION CARD

FIG. 2—AN OXYGEN SENSOR produces a voltage in the absence of oxygen. Placed in

the vehicle exhaust, it forms the key feedback element to maintain a gas/air mixture
that is neither too rich nor too lean. The mixture has neither excess polluting hydrocar-

bons nor nitrogen oxides.

resistance changes with the airflow.
Air temperature also is measured
simultaneously.

Newer systems have more accu-
rate mass air flow sensors. They
work by measuring the differential
cooling rates of heated wires. Either
way, an analog voltage is generated,
A/D converted, and sent to a digital
engine computer.

The gasoline is pressurized to
about 29 psi with an electric fuel
pump that has a pressure relief
valve. The gasoline is then routed to
the fuel injectors which intercept
the air paths, one per cylinder, near
the intake valves.

In this system, the injectors are
notlocked to individual cylinder tim-
ing. They are all driven identically.
But in other systems, there is one
master injector or individual high-
pressure injectors that replace input
valves.

An injector is basically a solenoid
valve. Pulse duty-cycle modulation
regulates the amount of gas
metered. The engine computer
makes use of feedback from the air
flow and oxygen sensors to adjust
the injector duty cycles. These are
helped along by other inputs like
engine temperature, idle stabiliza-
tion, and engine startup ‘choke”
enrichment.

Once again: As you step on the
gas pedal you increase the air. The
increase in air is compared with the
previous gas/air mixture. The com-
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puter then adjusts the amount of
injected fuel.

The second major task for any car
ignition computer is to adjust the
timing, deciding precisely when the
compressed mixture is to be ignited
by the spark plug.

If the spark arrives too early the
car will lose power; if it arrives too
late it will cause an erratic and
power-robbing knock. The optimum
timing is determined by engine
speed, mixture, load, and the tem-
perature. In the past, a vacuum ad-
vance rotated the points as speed
increased.

In this Bosch system, the points
were replaced with a solid-state
Hall-effect sensor that pulsed
before the appropriate time for cyl-
inder ignition. The set of rules that
determine how much to advance a
spark is called an ignition map.

The rule map is stored in a digital
read-only memory (ROM) whose
addressing is controlled by speed,
load, mixture, temperature, and
other factors. The output of the map
sets a timing delay. After the delay
times out, the computer pulses a
Triac switch that discharges an en-
ergy storage capacitor into the coil
and spark plugs.

Unlike classic systems, the delay
(amount of advance) and the pulse
width (dwell time) are independently
controllable. Actually, dwell time is
set by capacitor energy storage.

By today's standards, my car
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computer is rather primitive. A
Motorola 6805 microcontroller and
an EPROM are helped along by a
simple multichannel A/D converter.
A Triac drives the coil, a Darlington
transistor drives the injectors, and a
transistor drives the fuel pump.

A book that explains all this is
Bosch Fuel Injection and Engine
Management by Charles Probst.
Other titles appear in the SAE
Library.

Two major publishers of auto-
motive books are Robert Bentley
and Chilton. Also see Automotive
Industries magazine.

Servicing intermittents

Back to my horror story. My 1987
Synchro fourwheel drive van start-
ed showing an intermittent loss of
power. Naturally, | did not suspect
for an instant that all those 138,000
off-road desert miles | put on it had
anything to do with the problem.

Quilting Pin

Polystyrene
Shipping Bead

FIG. 3—A QUILTING PIN makes a safe
test point along a stranded wire.

| found that cleaning up the air
box, checking the connectors, and
swapping the fuel filter did not help.
Hauling it off on a 350-mile trip to my
nearest factory-authorized service
center cost me an outrageous
amount of money.

For zero improvement.

In all fairness, it is hard to fix an
intermittent problem when it
doesn’t show up on demand. But as
soon as | started treating this as an
electronic service problem, rather
than an automotive problem, the
cause became obvious.

| next sent away for a shop man-

ual, something | should have done
years ago. The Robert Bentley man-
uals are really outstanding. Mean-
while, | decided to make an effort to
catch this intermittent in action
while driving down the road.

So, | hooked up an oscilloscope.
My first guess as to the source of
the problem was the Hall-effect sen-
sor, so | monitored the green wire
from the sensor with a temporary
test pin that | have shown in Fig. 3.
The sensor output was continuous,
even during a dropout.

Finally, a stroke of blind luck. [ hit
the computer with my fist and the
engine died! It was something that |
should have thought about long be-
fore—something that the mechanic
certainly should have tried.

Cleaning the connector didn't
help. so | resoldered the computer.
The culprit was a bad solder joint on
a steel-lead power resistor. Aging
and corrosion caused the failure.

In hindsight, the tachometer
would drop to zero during failure,
with the engine obviously still stum-
bling over. Because the tachometer
is connected directly to the coil pri-
mary, the problem had to be in the
computer or wiring.

Interestingly, there is a new wiring
harness/filter available that's sup-
posed to eliminate the very same
symptom that is apparently caused
by the steel lead on that big comput-
er resistor. Solder will not adhere to
the steel lead. | suspect the man-
ufacturer never found the real prob-
lem and probably still does not have
a clue.

All of this did get me thinking
about servicing intermittent prob-
lems in general. So, Fig. 4 is a set of
my rules that should get you start-
ed. The key points are (1) aways
have documentation on hand; (2) be
certain you can cause the problem
to show up; (3) divide-and-conquer
by finding out where the problem is
not; (4) attack probable causes first;
(5) think logically, paying attention
to all of the symptoms.

Yeah, there are fairly low-cost
data loggers out there. But nobody
has yet come up with a universal
intermittent "“flight recorder” that a
car mechanic, a cardiologist, or an
air conditioning repairman would
fight over. There's opportunity there
for the successful inventor.
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this book. Whether you
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1. Make cenrtain the problem is real.

> o A N

Have all service manuals on hand. Read them!

Make the problem show up. Collect data during the fault.
Divide and conquer. Find out where the problem is not.
Assign probable causes. Look, smell, touch, and listen.

Associate mechanical problems with connectors; time ones

with solder joints; temperature ones with memory chips.

~

Cause the patient no harm. Never hot plug!

8. Isolate temperature problems with fans, cold, or hot boxes.

9. Pay attention to all symptoms. Be willing to change tactics.

10. Hit it with your fist or otherwise apply controlled shock.

11. Attack the disease, not the symptom. Things "burn out” for a
reason. Find and fix that underlying reason.

12. Reduce the system to the simplest possible.

13. If all else fails, try to make the problem worse.

14. When possible, compare against an identical working unit.

15. Back oft and give it a rest; let your subconscious do the work.

FIG.4—INTERMITTENTS CAN BE ABEAR TO SERVICE. If it ain’t broke, it certainly can
be hard to fix. Here are several attack guidelines.

Many thanks to real-world auto
expert Bob McKnight for his superb
help on this matter.

Some contests

There is a lot of interest in car
computers showing up on our help-
line. The big problem in getting
straight answers is the traditional
automotive industry secrecy. There
is also a “"swap the module” men-
tality. And there is the fact that the
EPA has made it a felony to reduce
the emissions from any car by tam-
pering with it.

Still, I'd really like to put together
a set of car computer resources. As
our first contest this month, just tell
me about any useful book, service,
publication, or online resource that
can be of help to others.

As our second contest, please
find a clean, late model Synchro for
me. Or else tell me about any old
substitute vehicle that is mid-sized,
rugged, economical, gets 22 mpg,
has high clearance, positraction, is
granny geared, and has full time
4WD. | really need a van that sleeps
six cavers, Bowseretta, and a full
sheet of plywood.

There'll be all the usual Incredible
Secret Money Machine Il books for
the dozen or so better entries, with

an all expense paid (FOB Thatcher,
AZ) tinaja quest for two going to the
very best of all.

The '‘Mystery Band”

How far is it from radio to heat?
Both are electromagnetic waves
whose wavelengths differ only in
length. How far apart are they, spec-
trum wise?

Figure 5 tells all. Between radio
and heat lies what | will label as the
mystery band. Itis otherwise known
as the submillimeter wavelengths or
the quasi-optical frequencies.

A 32:1 frequency range whose
8.7 terahertz (THz) bandwidth can
easily contain 1,600,000 HDTV sig-
nals. This band does not require a
license and is unregulated, so it has
incredible future hacker potential.

Reviewing the basics, the
frequency of any signal is simply
how many full cycles pass a point
per second. The wavelength is the
inverse of a frequency, and the dis-
tance along the wave required to get
back to exactly the same phase
point.

For example, if an X-band speed
radar has a transmission frequency
of 10 gigahertz (GH2), its wave-
length is 3 centimeters, or 30,000
micrometers.
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A warm human body radiates at a
frequency of 30 terahertz (TH2),
otherwise known as 30,000 GHz. it
has a wavelength of 10 micrometers
or 10u.

If this mystery band is so great,
why doesn’t anybody know about it
or use it very much? Until recently,
there have been no effective ampli-
fiers or oscillators that will work in
this range. The high-end microwave
electronic devices listed in Wireless
Design & Development,
Microwaves & RF and similar maga-
zines to run out of steam at 100 GHz
or so.

At the other end, most infrared
detectors can't handie anything lon-
ger than 10 micrometers. although a
few costly IR sensors from EG&G
Judson can get close to 50 microm-
eters. That's a long way from 6 THz!

New advances in what is called
nanotechnology should lead to all
kinds of new low-noise, high-gain,

COMMERCIAL ONLINE
BBS RESOURCES
Apple eWorld
Box 4493
Bridgeton, MO 63044
(800) 776-2333

America Online

8619 Westwood Center Drive
Vienna, VA 22182

(800) 827-6364

CompuServe

500 Arlington Centre Bivd
Columbus, OH 43220
(800) 848-8199

Deiphi Internet Services
1030 Massachusetts Avenue
Cambridge, MA 02138

(800) 695-4005

Dialog Information Services
34€0 Hillview Avenue

Palo Alto, CA 94304

(415) 858-2700

GEnie

401 N. Washington St
Rockville MD 20850
(800) 638-9636

Prodigy Services

445 Hamilton Avenue
White Plains, NY 10601
(914) 448-8811

The Well

65 N. Gate Five Road
Sausalito, CA 94965
(415) 332-4335
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Traffic DBS Radio Warm
Speed Satellite Astronomy Human
Radar TV Windows Body
MICROWAVE RADIO BAND MYSTERY BAND HEAT BAND
3 GHz a0 GHz 300 GHz 3000 GHz 30,000 GHz
0.003 THz 0.03 THz 0.3 THz a THz 30 THz
100 mm 10 mm 1 mm 0.1 mm 0.01 mm
100,000 wm 10,000 pm 1000 wm 100 pm 10 pm

FIG. 5—THE MYSTERY BAND of submillimeter wavelengths between “radio” and
“heat” is five octaves wide and offers an incredible bandwidth. This band is unregu-
lated and unlicensed. Yet its many opportunities still go begging.

high-power devices that can com-
bine the best of microwave and op-
tical techniques.

This mystery band demands line-
of-sight transmission. Or, better yet,
optical pipe or fiber waveguides.
While extremely high-gain antennas
can be small, they must be made
with extreme precision.

Sadly, the atmosphere in the 0.3
to 10 THz frequency range changes
from murky to totally opaque.

At best, attenuation will be some-
thing like a decibel per kilometer. At
its worst, its molecular absorption
(notably oxygen and water vapor)
absorbs everything. Thus, rain
could result in total disaster for out-
door terahertz communications.

Hot objects could also cause
grief. Although a warm human body
has a peak energy wavelength of 30
THz, there is along tail that drags on
down into the mystery band. Hotter
objects contain even more mystery-
band energy, although their peak
wavelengths are much higher.

Some applications demand cool-
ing to cryogenic temperatures. At
the very least, an awareness of pos-
sible heat interference is important.

What good is the mystery band?
For now, radio astronomers are
about the only users. But wireless
modems and mice are an obvious
possibility. As are other forms of
personal communication or short-
haul telemetry.

I'll also predict that the mystery
band will turn out to be important for
new SETI research.

You could make a lot of friends in
a big hurry by hacking up a $5 mys-
tery band device with 20 dB of gain,
a 2 dB noise figure, and 100 milli-
watts of output power at 3 THz.
Even at $6.42 it would still sell.

The best mystery band informa-
tion is found in the International
Journal of Infrared and Sub-
millimeter Waves.

Near ground, atmospheric mys-
tery band attenuation might be poor,
but radio astronomers must look up
through the entire atmosphere. For
most of the mystery band, the full
atmosphere is uselessly opaque.

But there are many interesting
windows. One at 680 GHz has
about a 70 % loss and a second at
760 GHz offers a 60 % loss. Dirty
windows yes, but still useful.

In a September 1994 IJISW story
(on p.1465-1481), authors Harris
and Schuster describe a noise floor
breakthrough in a cooled receiver
for 680-GHz radio astronomy.

NEED HELP?

Phone or write your Hardware
Hacker questions to:

Don Lancaster
Synergetics

Box 809-EN
Thatcher, AZ, 85552
(602) 428-4073

For fast PSRT access, modem
(800) 638-8369, then an HHH.
Then JOINGENIE. On keyword
prompt, enter DMD524.

Internet email access link:
SYNERGETICS@GENIE.GEIS.COM.
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The best strategy to apply when
you don't have any workable ampli-
fiers available is to "Get out of
Dodge.” Do a first-stage downcon-
version to less hostile frequencies.

The authors built up a hand-
crafted niobium Josephson tunnel-
ing mixer diode. For their local
oscillator, they started with a 110-
GHz Gunn diode source. Then they
tripled the frequency and doubled it
to reach 660 GHz. The mixer dif-
ference was extracted as a medium
microwave frequency.

With their new technology, they
managed to get their input noise
temperature down to 800°, com-
pared to an older 2400° model
based on a Schottky diode. While
much better, a lot more can be
done.

Another resource for the mystery
band is the Society of Amateur Ra-
dio Astronomers.

As a third contest this month, just
dream up some new hacker use for
mystery-band frequencies. Or per
haps you could send me a sample
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ADMIT ONE

I Your Ticket To

'SUCCESS

| Over 28,000 technicians have gained admit-

tance worldwide as certified professionals. |
l Let your ticket start opening doors for you. l

| ISCET offers Journeyman certification in

Consumer Electronics, Industrial, Medical,
Computer and
Video. For more information, contact the

Communications, Radar,

International Society of Certified Electro- 2
l nics Technicians, 2708 West Berry Street. | o
| Fort Worth, TX 76109; (817) 921-9101.

| Name

| Address
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| Send material about ISCET and
becoming certified.
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L closed is $10 (inc. postage).
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amplifier with the specifications
mentioned earlier.

Online resources

Naturally, it is totally unthinkable
to attempt any technical research or
idea development without the ag-
gressive use of computer online re-
sources. Not getting online is
almost as dumb as not using a per
sonal computer.

These days, everybody wants to
get on the Internet; doing so in the
past often meant expensive and un-
responsive services, phone
charges, arcane commands, and
having to become Unix literate.

By the time you read this, all of
the major commercial BBS services
will be offering fast, powerful, and
very friendly direct Internet access.
Hourly rates will be as low as a local
phone call.

| have listed the commercial BBS
biggies in our resource sidebar this
month. Of the more useful services,
CompuServe is the largest,
America Online is the friendliest,
and GEnie has the most and best in
the way of technical downloads.

Obviously, | like GEnie the best.
On my GEnie PSRT RoundTable,
you will find preprints and reprints of
all my Hardware Hacker and other

NAMES AND NUMBERS

Automotive Industries
PO Box 2056

Radnor, PA 19080

(215) 964-4876

Robert Bentley

1033 Massachusetts Avenue
Cambridge, MA 02138

(617) 547-4170

BKL

421 Feheley Drive

King of Prussia, PA 19406
(610) 277-2910

Chilton

Chifton Way
Radnor PA 19089
(610) 964-4000

EG&G Judson

221 Commetrce Drive
Montgomeryville, PA 18936
(215) 368-6900

Figaro Engineering
Box 357

Wilmette IL 60091
(708) 256-3546

Fuzzy Systems Engineering
12223 Wilsey Way

Poway, CA 92064

(619) 748-7384

GEnie

401 N Washington St
Rockville MD 20850
(B0O) 638-9636

Jnl Infrared & Millimeter Waves
233 Spring Street

New York NY 10013

(212) 620-8495

Master Bond

154 Hobart Street
Hackensack NJ 07601
(201) 343-8983

Maxim

120 San Gabriel Dr
Sunnyvale CA 94086
(800) 998-8800

Microwaves & RF

611 Rt #46 West

Hasbrouck Heights NJ 07604
(201) 393-6286

Old Colony Sound Labs
PO Box 243
Peterborough NH 03458
(603) 924-6371

Railbike Newsletter
3502 Buckskin Road
Coeur d'Alene, ID 83814
(208) 765-2831

Redmond Cable
15331 NE 90th Stret
Redmond WA 98052
(206) 882-2009

SAE Library

400 Commonwealth Dr
Warrendale PA 15096
(412) 776-4841

Soc. Am. Radio Astronomers
247 N Linden St

Massapequa NY 11758

(516) 798-8459

SETIQuest Inquiries

174 Concord Street
Peterborough, NH 03458-0874
(603) 924-9631

Society for Amateur Scientists
1549 El Prado

San Diego, CA 92101

(800) 873-8767

Wireless Design & Dev
301 Gibraltar Dr

Morris Plains NJ 07950
(201) 292-5100
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columns, along with unique design
tools not found elsewhere. I've just
added new features, including major
Acrobat support, Steve Hansen's
high-vacuum Bell Jar and the
Nomadics Notes from Steve
Roberts.

Internet E-mail technical ques-
tions asked of PSRT will be an-
swered in Category 1, Topic 33—
often in two hours.

I've often been asked to post my
files, reprints, and research studies
directly to some Internet site. But
the inquirer never seems to get
around to explaining who would pay
for this. But, if the inquirers can get
Safeway, Texaco, and the Purina
dog chow folks to offer all their prod-
ucts free over the Internet, I'll be
most happy to do it also.

New tech lit

From Maxim a 1995 New Re-
leases Data Book. It contains fots of
great video stuff, waveform gener
ators, and RF-to-Bits communica-
tion chips. Maxim is quite liberal
with its engineering samples, and it
offers a toll-free order hotline.

Much more on sonolumines-
cence in Robert Helier's story in the
Oct. 14, 1994 issue of Science.

| guess I'm kinda down on fuzzy
logic. The wildly ludicrous claims of
early proponents gave the entire
field a bad name. Anything you
could do with fuzzy logic you can
also do just as well without it.

Still, there are times and places
where concepts such as “short” or
“tall” or “cold” or “warm” could
form useful system inputs. A rea-
sonably hype-free new book is
Fuzzy Logic; A Practical Approach.
It is published by Fuzzy Systems
Engineering. It also has Fuzzy
Thought software.

Product MBBA from Master
Bond is an effective epoxy stripper.

Electroluminescent panel kits are
available for $45 from BKL.

For custom and stock cables and
interfaces, including Nintendo and
Sega, contact Redmond Cable.

There are lots of audio and other
technical books listed in a new cata-
log from the Old Colony Sound
Labs.

A Railbike Newsletter from Dick
Smart. Adapter kits are shown in

Continued on page 88
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MINI ANALYZER

continued from page 54

14 1 — : 1‘!'
wa ]| Ff
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4B 13—
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0 0 1
0 1 1
1 0 1
1 1 0

FIG. 13—TO USE THE ANALYZER to
check a CD4011B NAND gate, begin with
the truth table and functional diagram.

press ENTER. The program will
then test all inputs and out-
puts, and give you the results.
You will either get a message
“Interface Tests OK,” or one or
more messages indicating
which inputs or outputs did not
perform as they should.

Logic analyzer

To use the unit as a logic ana-
lyzer, begin with the following
sample problem: Assume Fig. 6
is a self-clocking circuit that
you designed to provide a
squarewave output that is one
quarter of the input frequency.
The clock can be disabled with
an external switch, and the LED
should turn on with the rising
edge of the clock. If wired as
shown, the circuit does not op-
erate properly. Most notably, the
LED doesn't flash.

Before testing the circuit,

PINS
1 _.'__—l T T 1
0 ol — — — 2
Ea-l— — 5
£ 4~ — — — — &
§ sl — — — 3
6l /1 — - 9
A0S P— 12
8-l —r— 13
1—=——L — - 3
2~ 1 - - 4
g s l— 00000 —_—— 10
¢4—I_1-——— Y
£ § - —— — ————————— GND
6—1— —_—— ———————————— GND
yr—_————————— GND
8- -— -————————— GNDp
FIG. 14—THE TRUTH TABLE of the CD4011B is implemented in this bit pattern.
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1 -:_-—u—u—_l—l_.—-_.—u'u-;_: 3 Mg B g o s o Y o 11;
n 21 > a5
5 3-1— o 1B
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7-| —
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1~ — —— 3
2-l— — 2
g 3 - — — 1
Z 4- —L | W
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7 [ _— "
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FIG. 15—BIT SCAN for the CD4017B CMOS decade counter/divider.

you for the parallel port address.
Press ENTER if you're using LPT1
at the standard address of 888.
Otherwise, type in the decimal
address of the parallel port and

IC3, a simple squarewave gener-
ator, must be replaced with one
of the analyzer's outputs. If IC3
were left in the circuit, there
would be no way to synchronize

www americanradiohistorv com

it with the analyzer, and the dis-
play would drift, resembling an
oscilloscope trace without prop-
er sync. The IC3 oscillator is
therefore simulated by pro-
gramming an analyzer output
to produce a squarewave.

Although IC1 is a divide-by-
ten counter, the analyzer has a
64-bit pattern that is not evenly
divisible by ten. Again to avoid
pattern drifting, a second out-
put must be programmed to re-
set IC1 after ten clock pulses.

Finally, the correct monitor-
ing points must be determined.
For the best understanding of
circuit operation, all possible
points (A through H) should be
monitored. The resulting test
circuit is shown in Fig. 7.

The bit pattern obtained is
shown in Fig. 8. The fault with
the circuit was that the LED
would not light. The problem is
verified in the bit pattern show-
ing that inputs I7 and I8 are not
switching. However, the out-
puts of IC1 are performing as
expected, and the outputs of the
first two NOR gates (I5 and 16) are
alsovalid. Re-examining the cir-
cuit with the help of the ana-
lyzer reveals the fault: At least
one of the inputs (I5 and 16) to
the third nor gate (17) is always
logic high. That makes the out-
put always logic low. The circuit
really needs a NanD function to
produce a low logic level when
the two inputs are high, and to
produce a high logic level at
other times. The solution is to
change the circuit to incorpo-
rate a NAND gate. The revised cir-
cuit is shown in Fig. 9, and the
resultant bit pattern is shown
in Fig. 10.

Replacing the NoR gate with a
NAND gate has provided the de-
sired signals at 17 and 18. (The
fourth Nor gate was also re-
placed with a NaND gate ar-
bitrarily—either gate can serve
as an effective inverter/current
sink for the LED). By looking at
the new bit pattern, you might
notice another problem. The
circuit is dividing by four, but it
is not producing a symmetrical
squarewave. The pattern is
symmetrical through the eighth
positive clock pulse (O1), but
then stays low for the remaining
two clock pulses. In viewing the

MON SOIU0I09|] ‘G664 Areniqay
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PARTS LIST

All resistors are Ya-watt, 5%.

R1, R3, R5, R7, R9, R11, R13, R15, R17,
R19-R24, R26—10,000 ohms

R2, R4, R6, R8, R10, R12, R14, R16—
2200 ohms

R18—1000 ohms

R25—33,000 ohms

R27-—22,000 ohms

Semiconductors

D1-D5—1N34A Germanium diode

Q1-Q10—2N2222A NPN transistor

IC1,1C2—CD4066 CMOS Quad Analog
Switch

IC3—LM339A quad comparator

Other components

S1—S8PDT switch

P1—Female DB-25 connector and
maie-to-male DB-25 cable (or use in-
tegral cable with male DB-25 on one
end, see text)

Clip 1—Red miniature aliigator clip

Clip 2—Black miniature alligator clip

Miscellaneous: Sixteen micro clips,
three 14-pin IC sockets, 4-foot length
of 15-conductor cable or 60 feet of No.
22 stranded wire (see text), No. 20
stranded wire, PC board, suitable
case.

Note: The following items are avail-
able from JJ Barbarello, 817 Ten-
nent Road, Manalapan, NJ 07726:
e PC Board (MA-PC)—$15.00
e Disk containing both source
code and executable file of the mini
analyzer program, which includes
additional capability for saving
and retrieving data, on-line help,
on-line directory of files, and more
(MA-S)—$12.00

the LED while determining
whats wrong.

A look at the [7 and I8 wave-
forms shows how to solve the
problem. They would both be
symmetrical if they ended after
the eighth clock pulse. This can
be accomplished by routing the
ninth output of IC1 (called out-
put 8 because the first one is
called output 0) to the reset pin.
This will create a divide-by-8
counter instead of a divide-
by-10, and it will generate the
bit pattern in Fig. 11. Notice
that the O2 reset pulse has been
removed—it is no longer needed
because a hardware reset has
been incorporated. Because the
circuit divides by 8, and the 64-
bit pattern is divisible by 8, the
bit pattern is stable, or syn-

FIG. 16—THIS SIMPLE JIG makes con-
nections to the IC pins easy.
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FOIL PATTERN FOR THE MINI ANALYZER.

bit pattern this will be imme-
diately obvious, and it is much
better than attempting to watch

chronized. The final circuit con-
figuration is shown in Fig. 12. It
meets all of the original require-

WwWWW americanradiohistorv com

ments in that the output is the
input divided by 4, it is sym-
metrical, and the LED lights on
the rising edge of the clock.

IC checker

This example will expand on
the last example. The analyzer
will check for proper operation
of the CD4011B ~anp gate. Be-
gin with the truth table and
functional diagram of the 4011
shown in Fig. 13. Any combina-
tion of inputs other than both
logic high will produce a“1” out-
put; a logic high to both inputs
of any of the four NaND gates will
cause that gate to produce a "0
output. To test the IC, you must
program the four possible input
bit patterns for each gate and
view the corresponding out-
puts. If each gate stays high ex-
cept when both inputs are high,
the IC is functioning properly.

The truth table is imple-
mented in the bit pattern of Fig.
14. Note that the pin connec-
tions are indicated to the right
of the traces. Inputs 5 through 8
are grounded to avoid stray
pickup. Instead of a single bit, a
group of bits (five in this case)
will be used for each state. Each
set of inputs to the 4011 (O1 and
02, 03 and 04, O5 and 06, and
07 and 08) have the same pat-
tern. The first five bits of each
set are low. Then the second five
bits are low on the first input
and high on the second. Then
the pattern flips, with the next
five bits high on the first input
and low on the second. Finally,
the bit pattern shifts to both in-
puts high. In each instance, the
expected IC output pattern (I1,
[2, I3 and 14) show a high input
until the inputs shift to both
high. Then the IC output goes
low.

A bit scan for the CD4017B
CMOS decade counter/divider is
shown in Fig. 15. The input bit
pattern from a reference book
was used directly, except that IC
outputs 2, 3, and 4 were not
sensed (because the IC has 11
outputs, and the analyzer has
only eight). This approach
checks all the functions of the
4017. including reset. clocking,
clock enabling. and carry out. A
second scan could be performed

Continued on page 95
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Adjustable Power
Supply Kit

+15VDC @
175mA to
750mA

* 48 piece kit (components/hardware)

« Adjustable positive and negative supplies
+510 £15V0C regulated, 175mA - 750mA
per supply

« Positive and negative 5VDC to 15VDC

 Power output (each supply): 5VDC @
750mA, 12VDC @ 500mA, and 15VDC @
175mA

« 120VAC input

* Size: 5.062'L x 3.5W x 2.0H

* Weight: 1.8 bs.

Part No. Description 1-9 10-24

20626 SupplyKit....... $19.95 $17.95

Stepper Motor Control Data
Acquisition Boards

¢ A 3wire UART port (Rx, Tx and GND)
configurable to any standard Baud rate
in the 300-115200 range (N,8,1)

» Three 8/10 bit ports (PA/PB & PC)
configurable pin for pin as inputs
or outputs « One-year warranty

« Edge triggered multiple interrupt pins
(IRQH and IRQL)

« Three stepper motor ports with ait the
necessary logic to implement monophasic,
hiphasic and half-step stepping modes

¢ Manual included e Size: 6"L x 2.6"W

* Weight: 0.2 Ibs.

Part No. Description 1-9 10-24

109911 8 Bit board .....$119.95$113.95

112117 10 Bit board.....149.95 142.95

Soldering Iron

Ve

¢ 110-120V * 30 Watt « UL approved
* 1/4" removablie tip * One-hand operation
* Length: 8.25" « Ideal for precision work

Part Na. Product No. 1-9 10-24

29 Watt Linear
Power Supply

Works with above
Acquisition Boards )
*+ Input voltage:
120/240VAC @ 50/60Hz Output:
¢ Size: 819'L x 6'W x + 5VDC@1A
1.88'H » Weight: 3.11bs. +24VDC @1A

Part No. Product No. 19 10-24

102461 JS119 .. ...$4.95 $4.49

Linear Series
Devices 51262
Part No. Product No.Description Price

23051 LHO002CN  Amplifier $8.95
33216 TLO74CN Op Amp .89
24811 MAX232CPE Rec./X 2.29
23683 LM324N OpAmp .49
23771 LM3362  Voltage Ref 1.09
23835 LM338K 5A Regulator 5.75
23851 LM339N  Comparator .49
23966 LM358N Op Amp .49
27422 NE555V Timer .39
24539 LM741CN Op Amp .39
23157 LM1488N  Line Driver .49
23181 LM1489N Line Receiver .49
23237 LM1871N Radio Control 4.95
23253 LM1872N Radio Control 4.95
34278 ULN2003A Trans. Array .69
34972 XR2206 Fun. Generator 3.75
34315 ULN2803A Trans. Array .99
23376 LM2941T Adj. Reg. 2.49
51262, 7805T 5V Volt. Reg. .49
51334/ 78127 12V Volt Reg. .49
50964 75176 Diff. Bus. Trans. 1.95
TTL o
Integrated Circuits

Part No. ProductNo.  1-9 10-99
46252 74LS00 ......... $.28 $.25
46287  741502... ‘. .25
46316  74LS04 .. . .25
46375 74LS08........... .35 .29
46640 74LS14........... . .35
47466  741S32... .29
48004 741S74... .29
48039  74LS76... .59
48098  741S86... .29
46480 7405123 . .45
46607 7405138 .... .85
47183 7415244 . .49
47212 7415245 . ST .55
47600 74LS373 ......... . .55
47634  74LS374 ......... .65 .55

111982 CP516A....... $14.95 $13.49

Monolithic, Silver

Mica, Radial and

_ Axial Electrolytic
Capacitors also

s
( ,bif available.

Ceramic Disc (x+ 20%) 50V
Part No. Capacitance Voltage 1-9

Capacitors

15405 22pf 50v ...... $.10
15341 100pf 50V iiad 10
15190 0014 50v....... 10
15229 O1pf 50v....... .10
15253 0474 50v....... .12
15270 Ry 50v....... .15
Mylar (+ 10%) 100V | [

Part No. Capacitance Voltage  1-9
26884 014 100v .....8.11
26921 .033uf 100v ...... 15
26956 Auf 100v ...... 19
26972 22pf 100v ...... 27
26999 A7uf 100v ...... .35
27001 1uf 100v ...... .59

Dipped Tantalum (+ 10%) 35V
Part No. Capacitance Voltage 19

Electronic Organizer

Input your personal appointments,
meetings, phone numbers and addresses.
Allows 16 message
alarms and a full
edit function to
update changes in
your schedule.
Includes a
calculator and
time/date feature.

« Large 20 character LCD

« Audiotone  * 8K Memory ¢ Security

Part No. Description 1-9 10-24
114489 Flectronic organizer $19.95 $17.95

NEW YEAR
SPECIALS

2.5" 6-Digit Clock Kit
 2.5" High Red Displays ¢ 6-Digit Display
Kit includes: PC board, components,
wall transformer and complete
instructions (183 pieces)

Digital clock features: » Bright red LED
displays  Size: 2.5'H « Six digits dis-
play for hours, minutes and seconds

« Allows you to select either standard
}12 hr) or military (24 hr) time < Ideal
or use in home, office and military
settings * Red lens/case not included

Part No. Description Price
105507 Digital clock kit.......... $69.95
109241 Black case & lens ........ 29.95
109268 Assembled dig. clock...139.95
Jameco

ABS Speedy

Boxes

Will not crack or split when drilled or
punched. PCB mounting slots on all
four sides and the lid has a lip for
precision fit (adds 0.4° H). Complete
with four screws and lid. Color: black

Part No. Size (Lx W x H) Price

18921 3.125"x2.0'x 0.875"....§2.25
18913 4875'x25'x15 ........ 2.49
18892 6.0'x3.5"x1.875" ..2.95
18905 7.5°x425'x225 ........ 3.49

Jameco Prototype Builder Boards:
The Jameco Prototype Boards are
designed to fit into ABS Speedy Boxes.
These pre-cut boards will allow the
builder an immediate start on proto-
typing circuits. Each board has 2 or 4
mounting holes. Drilled holes: .040"
dia. on .080" square pad on .10 x .10

spacing. Solder mask.

33486 Apf 35v....8.17 | PartNo. Size (Lx W) Fits Price
33662 1uf 35y .21 | 105099 270°x160" 18921 ....$3.95
33734 2.2yt 35y...... 25 | 105128 4.40'x2.00° 18913......5.95
33806 4.7uf 35y . 39 | 105152 550'x310° 18892......6.95
33639 104t 3By 59 | 105161 7.00'x3.60" 18905......8.95
33822 47pf 25y 2.25 | 106551 Ckt. Brd Hdwr. (4 sets)....1.19
""" ' Call for complete line of boxes & PC Boards!
‘ 1355 Shoreway Road

'AME Belmont, CA 94002-4100

————————— FAX: 1¢8000237¢6948 (Domestic)

= “°'PUT"§R°°"PR TS FAX: 415959202503 (International

' TEL: 41505928097 (International)

- — [T A %3 | Call for our new 1995 Catalog today.

8@ "= | 5] Fedic s Mention V..P.# 2R5 J

No minimum order required! © 1995 Jameco 2/95

Call 1-800-831-4242 to order today!

Part # Dascription Price
106569 2400 Baud intemal modem ...$29.95
106577 2400 Baud external modem ....39.95
114805 9600 FAX/2400 bps modem..59.95
115490 Teac 1.44MB 3.5" drive ....... 59.95
101311 CD-ROM drive .79.95
114884 XT/AT parallel card ............ 24.95)
116054 XT/AT 2MB memory card.....69.95
114585 AT 4MB memory card......... 89.95,
116062 XT/AT 32MB memory card ..129.95
20263  80-column printer stand........ 9.95)
112580 Latin 101-key keyboard ....... 39.95
116038 140 Watt power inverter ...... 79.95
116046 300 Watt power inverter.....149.95

286 12MHz Bare-bones System

Includes mo/thzrboard, computer case,

ower S,

‘l:eyboardppy sard

*Intel 286 12MHz CPU

«1MB RAM

«1.2MB (5.25) floppy
disk drive
«IDE hard/floppy

controller TR,
Five expansion slots LS A LA
«Two serial & one parallel port
Part No. Description __ Price
115705 286 12MHz........... $149.95

Potentiometers

3/8" Square
Single-Turn Cermet

4

Part No. Product No. Ohms 19
42964 63P1K Ko $.85
43078 63P5K 5K.... ..
43001 63P10K 10K ..

43051 63P20K 20K .....

43027 63P100K  100K.

42981 63PIMEG  1MEG....... .85

3/4" Rectangular
15-Turn Cermet

Part No. Product No. Ohms 1-9

41785 43P1K

41890 43P5K

41822 43P10K

41873  43P20K

41911 43P50K

41849  43P100K

41806 43P1MEG

LEDs —e—rr @

Part No. Color Size 19

34606  Green T, $.15

34622 Red ... .1

94529 Bright Red T1.... .25

34657  Yellow T .15

34761  Green T1-3/4 ........15

34796  Red T1-3/4 ........ 12

94511 Bright Red T1-3/4........ 39

34825 Yellow T1-3/4........ 15

98950  Green Jumbo (8mm}).25

81461 Red Jumbo (8mm}).25

98968  Yeliow Jumbo (8mm).25

Carbon Film 1/4 Watt 5%
Resistor Assortments

]

| b [sALE|

Part No. Description Price

5 each 70 values ........... $9.95
100 each (27 values).....39.95

10719
10663

CIRCLE 114 ON FREE INFORMATION CARD
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AUDIO UPDATE

Audio Instructions

struction sheet that accom-

panied a new component was
usually just that: a mimeographed
(remember mimeographs?) page of
bare basics. If you needed more, the
salesman in the audio salon (re-
member "audio salons”?) stood
ready to help—after having already
given you a few basic hi-fi lectures
and perhaps installed the equip-
ment himself as part of the pur-
chase. My, how things have
changed since the mid-1950s!

Keep in mind that all this took
place before discounters became a
fact of life on the U.S. retail scene.
Hi-fi equipment was basically price
controlled, and any dealer that sold
below the manufacturer's mandated
(not “suggested™) retail price could
lose his franchise. True, if you and
the dealer had established a rela-
tionship a small discount might be
worked out—but the sales slip al-
ways showed the full list price.

As the era of knowledgeable ser
vice with a smile was washed away
by the rising tide of mass merchan-
disers and discounters, and the
equipment sprouted knobs, func-
tions, and displays rivaling a Popular
Electronics “'do-nothing-box™" proj-
ect, the instruction sheets neces-
sarily metamorphosed into multi-
page instruction manuals.

As someone who has written and
edited such manuals for amplifier
kits, equalizers, and other audio
products—not to mention having
served two years each as the tech-
nical (projects) editor of Popular
Electronics and Electronics lllus-
trated—!'m not unsympathetic to
the task and problems of the manual
writers.

But truth to tell, incomprehensi-
ble manuals remain a problem. In
any particular case, the difficulties
may derive from the writers' incom-
petence, the readers’ impatience
when confronted with written tech-

In the early days of hi-fi, the in-

nical material, or the sheer magni-
tude and complexity of the
information that needs to be con-
veyed. And recently having worked
on a couple of manuals for home-
theater receivers, | have an enor
mous appreciation for the communi-
cation problem they present.

CONSUMER
Gﬂ D

DOLBY LAB’S “CONSUMER GUIDE TO
HOME THEATER” video instruction
book is a fine example of how technical
information can be imparted in a manner
that is clearly understandable to the
layman.

Video solutions

Given all of the above, | was inter-
ested to receive a press release
titled “"Dolby Laboratories Intro-
duces First Video Guide To Home
Theater"—plus the VHS tape it de-
scribed. The program on the tape is
divided into two 24-minute seg-
ments narrated by a personable
young man named Michael Young,
an experienced TV "host.” He did a
fine, straightforward job, appearing
nelther know-it-all condescending

www americanradiohistorv com

nor overawed by the complex mate-
rial he was handing. The first seg-
ment is an introduction to the
history, theory, and practice of the
Dolby surround-sound movie-
house setup and how it relates to
the home-theater Pro-Logic sys-
tem. The Pro-Logic system is de-
scribed in its various options and
permutations.

Even in this basic section |
learned some things that perhaps |
should have already known. For ex-
ample, the surround channel in the
movies (and at home) is actually
only a single time-delayed channel,
unlike the various quadraphonic
schemes of years past. | was also
interested to hear the definitive Dol-
by position on THX—a development
whose significance has remained
unclear to me. The full statement of
the tape's narrator, which | assume
reflects the official Dolby attitude.
was that “THX was the Dolby Pro-
Logic system but with a few equip-
ment embellishments that had the
seal of approval of the Lucasfilm
group sponsoring THX." | take that
as something less than a ringing en-
dorsement.

in any case, the first half of the
tape was a fine overview of the
home-theater scene with basic
guidance on everything from equip-
ment options to TV screen size.

Nuts and bolts

| was surprised to find nothing to
complain about in the first part of
the tape and vowed to be more crit-
ical for the second, more technical,
“Nuts and Bolts™ section. To my fur-
ther surprise, | again found little or
nothing to disagree with.

The following verbatim discus-
sion of subwoofer placement is a
good example of the narrator's ap-
proach:

“A subwoofer out in the open will
give you minimum bass, against a
wall it will give you more bass, and in
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the corner it will give you the most.
Although placing the subwoofer in
the carner of the room will give you
the most bass, it will not necessarily
give you the best bass. You want
smooth bass at all frequencies, not
one-note thumping type bass. So
you will have to experiment with
moving your subwoofer around to
find where the best bass is.

‘Place the subwoofer where you
would normally sit. Then, while lis-
tening to music with good bass con-
tent, walk around the room to find
the place where you might want to
locate your subwoofer. Listen for
the smoothest, deepest, tightest
sounding bass, not the loudest.
Once you find the best sounding
spot, that's the focation for your
subwoofer.”

This technigue, which depends
on the reciprocal relationship of lis-
tener and speaker, is a clever pro-
cedure that is rarely recommended,
despite its technical validity.

Or, on the subject of cables:
"Speaker wire comes in all shapes,
sizes, and prices, from zip-cord you
buy at your local hardware store to
high-end audiophile cables that can
literally cost up to thousands of dol-
lars—for wire! And there are many
schools of thought as to how impor-
tant speaker wire is to the sound
quality of a system. Some thinkit's a
world of difference, more think it
doesn’t matter at all. But it's safe to
say that you should use a reason-
ably good quality wire for your home

theater.” (In the first section of the
tape, 16- or 18-gauge was recom-
mended for most setups.)

The section on the whys and
wherefores of speaker-wiring polar-
ity also covers all bases simply,
completely, and accurately. (Inci-
dentally, don't be put off by what
seems to be a words-of-one-sylla-
ble approach. With spoken tech-
nical material, the best approach is
to keep it simple)

Test signals

A valuable part of the guide is the
test-signal system setup section.
The Pro-Logic system owner is led
through checks for phasing and
level balance among the three front
and two rear speakers.

| didn’t recognize the names of
the four writers in the final credits,
but as someone who has labored in
the same vineyard for almost 40
years, | congratulate them on a job
well done. Anyone setting up or
contemplating setting up a home
theater system could benefit from a
multiple viewing of this tape. If | were
into product ratings, | would give
Dolby's Consumer Guide to Home
Theater four stars and a best buy!

The Dolby video has a suggested
retail price of $19.95 and is available
for sale or rental at video stores or
selected audio/video dealers
throughout North America. It also
can be ordered via a toll-free
number: 1-800-241-4115. Be sure to
tell them | recommended it. 9]

Earn $1000

A Week While You Learn High
Paying VCR Repair.
Earn While You Learn .
Secrets Revealed .

Train at Hume
If you are able to
work with small
handtools and pos-
sess average me-
chanical ability, you
could eam top dol-
far part time or full
time. Ourlearn by doing method teaches you how
to work on VCR's without boring unnecessary
electronic basics.

For Free Information Package Send Coupon to:
Foley-Belsaw Institute, 6301 Equitable Road,
Kansas City, MO 64120
|_ o ChwkoOmBaomy) —]
| ’f,'}’,f,’,‘,,f,fﬂ D VCR Repair, Dept. 62263 |
HighPaying T Computer Repair, Dept. 64161
Garna? O 1v/sateliite Dish, Dept. 31055
i D Advance VCR Repair, Dept. 65032

| Camcorder Repair, Dept. 66042

I Fax Repair, Dept. 67042
| Since 1926 3 Printer Repair, Dept. 63041

|
|
| Name |
|
|

| Address
| City
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® CABLE CONVERTER
_DIAGNOSTIC MODULES

PIONEER BOARD 3-WIRE_—

BA-51XX -BA6X 7

BA-63XX - BA-67XX 44.95 -

34.95 -

1PC -

10 PC _ e
29.95| pioneer diagnostic cube
39.95! & custom cube $154.95

STARCOM 6-DPV-5XXX 19.95 -

STARCOM VII-DPV-7 QUICK BOARD 44.95 -

STARCOM VII-DPBB QuICX BoARXD 44.95 -
JERROLD DIAGNOSTIC. . ..

CUBE MULTI-FREQUENCY 108.5 106.5 97.5 154.95 -

16.95| QNEWD STARCOM AUDIO
39.95 |BOARD FOR R1/M1DPBB 22.95

39.95|CFT-DPBB R/2V/5 39.95
[NEW] cFT-DPBB R2 V5. ..

144.95 | QI ICK BOARD

49.95

NOTE:[ALL QUICK BOARDS ARE WIRELESS]

S/A 8536 AUTO BOARD(NO swITCH)  34.95 -
S/A 8535 AUTO BOARD(NO swiTCcH)  34.95 -
S/A 8570,8550 QUICK BOARD. . . .. 39.95 -
S/A 8600,8590,8580 QUICK BOARD  39.95 -
S/A 8580 40 PIN PLUS + MICRO 39.95 -
S/A 8570 /90 /8600 40 PIN MICRO 39.95 -

16.95

[ZE 100 0
29.95 19.95

20.95 TOCOM 5507 MAPPER
*~~ |TOCOM 5503 MAPPER
34.95 T

ANYONE | @ THEFT OF SERVICE IN AN
34.95

34.95
34.95

WAY SHAPE OR FORM. DO US AND YOUR SELF
A FAVOR DON'T BOTHER CALLING US.

“AND YES WE DO MEAN YOU"
THESE PRODUCTS ARE FOR DIAGNOSTIC
PURPOSES ONLY PERIOD 11

NEVER RESET
E-4 PIONEER BOARD

“ VISUAL COMMUNICATIONS INC.
800-GO-CABLE TECH.SUPP 718-229-2358

19.95/

CIRCLE 183 ON FREE INFORMATION CARD
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SURVEILLANCE
& SECURITY

FM TRANSMITTERS MINI (KITS)

+ 3-VOLT FM XMTR, up to 300 ft. indoors, 1500 ft. outdoors
* PHONE XMTR, range to 500 ft., uses phone-line power

« Sound-Activated XMTR, range to 500 ft.

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

All above require simple soldering at 2to 4 places.
$29.95"*

TELE CALL FORWARDER. Transfers incoming
calls. $99.00*

CALLER ID. Registers incoming number.
$99.00*

TEL REGISTER WITHPRINTER. Records dialed
number, duration, and prints record. $169.00*
TEL REGISTER W/O PRINTER. Records dialed
number & time. 16-digit display. $99.00*
12-HOUR LONG-PLAY RECORDER. Modified
Panasonic. Records 6 hrs. on each side of 120
tape (supplied). Compatible with VOX and Tel
Rec Adapter. $119.00*

VOX VOICE-ACTIVATED SWITCH. Makes re-
corder self-activating with voices or other
sounds. $28.50**

TELE RECORDING ADAPTER. Records
incoming and outgoing calls. $28.50*
TELEPHONE SCRAMBLERS. Over 4,000
separate codes. $199.00*

VOICE CHANGER. Changes man's voice to
lady's and vice versa. $49.00**

For Shipping & Handling add +$5.00 and **$2.00 per item.
Colo. residents add sales tax. Mail Order, VISA, M/C, COD's
o.k. Inquire for dealer prices. Free catalog.

MUCH, MUCH MORE — OUR 25TH YEAR!
TOLL FREE 1-800-926-2488
A.M.C. SALES, INC.

193 Vaquero Dr., Boulder, CO 80303
Tel: (303) 499-5405, Fax: {303) 494-4924
Mon.-Fri. 8 a.m.-5 p.m. Mtn. Time

CIRCLE 108 ON FREE INFORMATION CARD
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Electronics Paperback Books

(] #226—How to Build Advanced
Short Wave Recelvers...$5.75. Practi-
cal construction details of a number of
shortwave receivers which shouid have
leveis of performance at least equat to
that of commercially built sets of similar
complexity. Also included are a number
of add-on circuits, such as, Q-multiplier,
S-meter, noise limiter, etc., which can
be used to aid and improve the listen-
er's shortwave reception.

[0 BP321—Circuit Source-Book 1...
$6.50. A collection of over 150 analog-
signal circuits on audio signal and power
amplifiers, DC amplifiers, signal filters
(high-pass, low-pass, band-pass and
notch), tone controls, voltage-controlled
amplifiers and filters, triggers and voit-
age comparators, gates and electronic
switching, bar graphs, mixers, phase
shifters, sensors, digital circuits, etc.
(See BP322 at right)

| Circult Sourcé”
° Book 1

[J BP322—Circuit Source-Book 2...
$6.50. Contains over 170 circuits on sig-
nal generation, power supplies and dig-
ital electronics. A continuation of BP321.
Topics are: 555 oscillators, sinewave
and function generators, CMOS oscllla-
tors, voltage-controlled and RF osciila-
tors, (555, TTL and CMOS) monosta-
bles, precision iong timers, power supply
and regulator circuits and many other
useful circuits. (See BP321 at left.)

[J PCP108—Comput-
ers and Music...$9.95.
The text leads you
through the topics on
computers and music
software. Learn how to
choose the right compo-
nents for a system to suit
your personal needs and
fully equip yourself to ex-

[0 PCP109—Everyday
Electronics Data Book
...$10.00. An invaluable
source of electronics in-

Pubilc Addrees
Lougapoghor

[J BP292—Public Ad-
dress Loudspeaker
Systems...$6.95. Cov-
ers the moving-coil loud-

formation—the text con-
tains many sections that
deai with the underlying
theory of electronic cir-
cuits and a wide range
of practical electronic ap-

speaker, baffles, the
basic requirements of a
PA system, sound pat-
terns, line-source, horn
loudspeakers, low-im-
pedance matching and

(0 BP106—Modern
OpAmp Projects...
$5.75. Various projects
that make use of opera-
tional amplifiers available
to hobbyists. Text in-
cludes low-noise, low-
distortion, ultra-high input
impedance, low siew-
rate and high current

ploit that system. plications. much more. types.
[0 BP245—Digital Audio Pro- [0 BP301—Antennas tfor VHF and [0 PCP105—Make Money from Home
jects...$5.95. Practical details of how to »’uw:\':'um UHF...$6.00. From installing a TV or FM Recording...$10.00. Start earning

construct a number of practical projects.
All should be of interest to most audio
and electronic muslc enthusiasts. Some
of the projects are: oscilloscope storage
ciruuit, A/D converter, negative supply,
input ampilifier, low-noise microphone
. preamp, compressor and expander Cir-
' cuits, input mixer, echo effect Circuit, and

antenna to setting up a multi-antenna
array for shortwave listening or amateur
radio, this book explains the essential
basics of antenna operation and instal-
lation. The text describes in easy-to-un-
derstand terms the necessary informa-
tion about how antennas work, the
advantages of different types, and how

money after you spent a “fortune” on all
that professional recording gear, MID}
® and all. Here's the book that tells you
', how! Whether you have a fully fledged
* recording studio at home, or just a cou-
ple of stereo cassette recorders and a
microphone, you'll be able to put the
.+ ideas presented in this book into imme-

others.

to get the best performance.

diate practice and make money.

] PCP107—Digital
Logic Gates and Flip-
flops...$10.00. Estab-
lishes a firm foundation
in digital electronics by
covering gates and flip-
flops thoroughly. Topics
such as Boolean algebra
and Karnaugh mapping
are explained, demon-
strated and used.

DIGITAL
LOGIC GATES
AND FLIP-FLOPS

High Powsr
Audio AmplHiar
Construction

[0 BP277—High Power
Audio Amplifier Con-
struction...$6.25. Prac-
tical construction details
of how to build a number
of useful audio power
amplifiers ranging from
about 50 to 400 watts
rms. Text includes MOS-
FET and bipolar transis-
tor designs.

[0 BP176...TV-DXers
Handbook...$7.95. The
text inCiudes many units
and devices that have
been designed and used
by active enthusiasts,
and often, considerable
ingenuity and thought
have gone into the de-
velopment of such units
to overcome problems.

[0 BP35S0—Electronic
Board Games...$6.00.
Complete plans for 20
novel electronic board

games that you can build
with ease. Some pro-
jects are: Motor racing,
searching for buried trea-
sure or gold at Ft. Knox,
wheel of fortune, a mu-
sicat quiz—plus others.

[0 BP310—Acoustic Feedback—How
to Avoid it...$6.25. Feedback is the
bane of all PA systems. Much of the
trouble is often the hall itself, not the
equipment, but there is a simple and
practical way of greatly improving the
acoustics. Determine which microphone
to use. Select the correct loudspeaker
system. Includes info on equalizers, fre-
quency-shifters and notch- and twin-
notch filters.

SYNTIIESIZERS [ PCP106—Synthesizers for Musi-
cians...$10.00. Written especially for
musicians, the book explains all current
popular forms of synthesis, covering LA,
additive, phase distortion, FM and sam-
pling. The theoretical side of synthesis
is treated in an easy to understand way;
the technical information being restrict-
ed to what you need to know to use your
instrument effectively. Ideal for begin-
ners and muscians.

[J BP108—International Diode Equiv-
alents Guide...$5.95. Discover direct or
possible substitutes for a popuiar user-
oriented selection of diodes including
rectifier and signal types, including Zener
diodes, LEDs, diacs, triacs, thyristors,
OCls, photo diodes, display diodes and
others. Wherever possible material type,
function or type of diode and country of
origin data are shown and foreign equiv-
alents.

Inteenational
Diode

Equivalents
Guide

[J BP109—The Art of Programming the 1K ZX81—$3.95

[] BP114—The Art of Programming the 16K ZX81—$4.95

[ BP119—The Art of Programming the ZX Spectrum—$4.95

[] BP129—An Introduction to Programming the ORIC-1—$2.50

[J BP128—20 Programs for the ZX Spectrum and 16K ZX81—%$4.75
] BP143—An Introduction to Programming the Atari 600/800 XL—$4.95
] BP154—An Introduction to MSX (Universal Japanese) BASIC—$4.95

COMPUTER TOPIC BUY-OUTS

PLUS4—$4.95

[J BP156—An introduction to- QL Machine Code—$3.95
[ BP157—How to Write ZX & Spectrum+ Games Programs—$3.95
] BP158—An Introduction to Programming the Commodore 16 &

[J BP161—TInto the QL Archive (database program)}—$2.95
[ BP187—A Practical Reference Guide to Word Processing on the
Amstrad PCW 8256 & PCW 8512—$9.95

ELECTRONIC TECHNOLOGY TODAY INC. SHIPPING CHARGES IN SORRY No orders accepted Number of books ordered (]
P.0. BOX 240, Massapequa, NY 11762-0240  {3AANC CANADA outside of USA & Canada

$5.0110 $10.00 ... Total price of merchandise ... 8
Name $10.01 to 20.00.... Shipping (see chart)

Subtotal

LU T Sales Tax (NYS only) .
City__ State Zip__ $40.01 t0 50.00 Total Enclused
EN $50.01 and above All payments must be in U. S funds!
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DRAWING BOARD

display.

This month we finish up the tachometer circuit by adding a 3-digit

ROBERT GROSSBLATT

he last part of the tachometer
I circuit is the display. Before |
get to the design of the dis-
play section, however, | want to re-
view the circuitry that has been
covered so far. The spark count is
being totaled by a series of
CD4040B binary counters (see
Electronics Now, November 1994,
page 87, Fig. 2). Every half second,
the count at the next 4040 in turn is
stored in its associated latch, and
then the 4040 is cleared to start a
new count. As soon as this is com-
pleted, the base-rate counter
(IC18), which receives its clock from
rate-multiplier IC17, is reset by a 2-
hertz clock. The rate multiplier out-
puts 20 pulses to the display circuit
for each clock pulse it sends to the
base-rate counter. When the base-
rate count reaches 20, anD gate
IC19-a stops the rate multiplier and
nothing else happens until the base-
rate counter is reset to start the
whole cycle again.

To count the base-rate and multi-
plied-rate pulses correctly, the tim-
ing relationship between these two
outputs of the rate multiplier must
be understood. Figure 1 shows that
the base-rate pulse appears only at
the end of the multiplied-rate cycle

The rate multiplier is clocked by
pulses produced by 1C20, a 555

timer set up as a free-running clock
generator with a frequency of about
50 kilohertz. That is fast enough to
ensure that the rate multiplier oper-
ation is completed in the half-sec-
ond time period. I've already shown
why the frequency of the rate multi-
plier clock has no effect on the ac-
curacy of the rate multiplier’s
operation.

The display

Putting together a display circuit
for the tachometer requires circuitry
to total the multiplied rate pulses
that are output from the rate-multi-
plier circuit. The only decision left to
be made is the number of digits in
the display. The number of revolu-
tions per minute will require four dig-
its. If you want to see them all, you'll
need a four-digit display—but there
are some good reasons why this
isn’'t absolutely necessary.

fn the first place, the chances are
that this four-digit number is inaccu-
rate because compromises were
made in both how the sparks are
counted and whicn bits are going to
be transferred to the rate multiplier.
Even if the spark-counter bus and
rate-multiplier circuit were widened
to 11 bits, the additional information
wouldn't be of much use. Even if the
engine were running at only 1000

rom, the last digit would be only
0.1% of the reading. And since it
would probably be changing with
each update, it wouldn't be terribly
informative. It would be much wiser,
and less complex, to limit the dis-
play to three digits and understand
that the reading has to be multiplied
by 10 to give the actual engine rpm.

To do that, the multiplied pulses
must be divided by 10. Circuitry
could be added to the tachometer
to do the division, but it's much easi-
er to change the multiplication fac-
tor from 20 to 2—just change the
number being decoded by 1C18.
Since 1C18 will now be decoding a
count of 2, anp gate IC19 can be
discarded, and the rate multiplier's
INHIBIT input can be connected di-
rectly to the Q1 output of IC18. So,
deciding on a three-digit display not
only simplifies the display circuit,
but it also cuts down on the circuitry
needed in the rate-multiplier sec-
tion.

The best display setup is shown
in Fig. 2. The CD4553B, whose pi-
nout diagram is shown in Fig. 3, has
a built in counter, latch, and multi-
plexer to drive three digits directly. If
the correct signals are sent to the
display from the rest of the circuit,
the 4553 will do the rest.

The multiplied-rate pulses are fed

| A 15 clo
STATE | 2 1/—/ H| L
| 1
PN/ ! ‘
BASERATE]
!
i
PIN #6 | M 'l [
OUTPUT —+ i [ M
1 .
] |
c’ch”:ZOIZS sidsl 7l dsi oL 7L el st #1510 e
|
1
L ONE 4089 COUNTING CYCLE. :\
START OF | ‘
#4087 cvYelE

FIG. 1—NOTICE HOW THE BASE-RATE PULSE appears only at the end of the multi-

plied-rate cycle.
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FIG. 2—THREE-DIGIT DISPLAY CIRCUIT is more than adequate for a tachometer, and
it requires fewer parts than a four-digit one.

to the 4553's clock input, and the
chip’s latch is controlled by an inver
ted version of IC18's ¢1 output. By
doing this, the 4553's internal coun-
ter will add up the rate-multiplier
pulses until IC18's o1 output goes
high. This will put a low on the 4553
latch control and the count at that
point will be transferred to the
CD4511B and on to the display.

The 4553's internal counter must
be cleared in preparation for the
next count, so the positive-going
edge of the signal at the latch con-
trol is used to put a pulse, through
capacitor C15, at the ReseT pin of the
4553. Since the negative-going
edge causes the count to be stored
and the positive-going edge of the
same pulse clears the 4553's coun-
ter, things will always happen in the
proper sequence.

Finishing touches

The tachometer is now fully func-
tional, but it's far from being
complete. There are several addi-
tions that can make the tachometer
more useful. The first thing that
could be done is to add an analog
display. Nothing is more informative
at a glance than a needle moving
around a dial—and you don't need a
real needle to do it.

A CD4514B addressabie 1-of-16
decoder can drive 16 LEDs ar-
ranged in a circular fashion. The out-
put of the spark counter can be
decoded to drive the binary inputs
of the 4514 so that the 16 LEDs give
an analog-like reading around the
dial. If you put the seven-segment
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FIG. 3—4553 PINOUT DIAGRAM. The
4553 has a built in counter, latch, and
multiplexer to drive three digits directly.

display in the center of the dial,
you'll wind up with an attractive and
very useful instrument for your car.

I'm not going to design the analog
portion of the display here, but if you
understand the tachometer circuit,
you shouldn't have any trouble put-
ting it together yourself. There's al-
ready a way of getting an accurate
spark count every half second, so
all you have to do is decide which of
the bits should be sent to and
latched in the 1-of-16 decoder
Since there are 16 outputs, you can
have one LED indicate each suc-
cessive 500-rpm increment. That
will give you a range of O to 8000
rpm—which should be adequate for

www americanradiohistorv com

almost any engine in use today.
(Some exotic engines might run
faster than that, but the odds are
that such a vehicle already has a
tachometer in it)

Go through the arithmetic that's
done by the circuit and work out the
relationship between the numbers
and the 500 rpm increments you
can get from the decoder. Going
through some empirical examples,
you should see which bits are impor-
tant. Once you've done that, the last
thing you need is a way to control
the latch in the decoder. The basic
control signal is the 2-hertz se-
quence signal, but you'll have to add
some stuff to it to make the de-
coder that drives the LEDs work
correctly. The final result will be well
worth the extra bench time, and the
tachometer you put in your car will
be a real eye opener. Send in the
details of the additional circuitry and
I'll publish the best ones. Q

HARDWARE HACKER

continued from page 80

the 1908 Sears-Roebuck catalog,
but they might no longer be in stock.

I've just picked up a great heaping
bunch of classic Apples, including
rare and collectable Apple lll's. Ap-
ple Il + and lle computers are cheap
enough to use as dedicated BASIC
controllers or for general lab ap-
plications. Give me a call if you want
a complete list.

A reminder that unique down-
loads, freebie insider secrets, cata-
logs, and technical help are available
on GEnie PSRT. Also, a 10-hour free
trial offer for GEnie is available per
the Need Help? box, although a
credit card is required. Q

Wow! That guv was really moving!
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COMPUTER CONNECTIONS

nnovation is flourishing. Today

an incredibly vast array of com-

puter products is available with
power undreamt about a decade
ago. Sure, most people don't need
all that power, but for those of us
who do, the progress has been
breathtaking.

A decade ago, few could afford a
color graphics system; today multi-
media systems that can easily han-
dle high-resolution, true-color
graphics, motion video, and high-
fidelity digitized and synthesized
sound are taken for granted.

Back then, 10-megabyte hard
disks cost well over $1000. For the
same cash outlay, today you get 100
times the storage. Back then, 64
kilobytes of memory cost $40. To-
day, S40 gets you a megabyte of
memory. Modems running at 1200

NEW LOW PRICES! MODEL 12 COMPUTER

Ten years of progress—for better or worse.

bps cost $450; today, 28,800 bps
costs half that. Then, networking
was prohibitively expensive and dif-
ficult. Now you can buy a couple of
Ethernet cards for less than $100,
with plenty of change to spare. Less
than S200 more will buy you easy-
to-install and easy-to-use software
for sharing files, disks, printers,
faxes, modems, and more.

Back then we depended on noisy,
finicky. dot-matrix printers with res-
olutions specifiable in two digits. To-
day. laser printers with resolutions
of 300 dots per inch (DPD) are avail-
able for as little as $400. Pin-drop
quiet ink-jet printers are even less
expensive.

Back then, IBM controlled the
hardware standards. A machine that
was not "'IBM compatible' was
nothing but an expensive doorstop.
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Card Cage for Your Model 12

I, 199%

Macel 12°s Case

apilvion fixdxity. The Card Cage mo

Today. no single vendor controls any
standard, whether it is micro
processors, bus architectures, vid-
eo technology, or mass storage.
The result has been relentless com-
petition that continually decreases
cost and increases performance
and functionality.

Back then, the industry still
wasn't sure whether a spelling
checker should be sold as part of a
word processor or as an add-on.
Spreadsheets crunched numbers;
presentation was irrelevant. The
Macintosh was one year old,
PostScript was just being intro-
duced; and the DOS world was
smug in its rejection of mouses and
the graphical user interface.

Today we have fewer choices, but
better ones. Instead of half a dozen
quirky programs from as many pub-
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lishers on dozens of diskettes, we
can install a complete suite of ap-
plications from a single vendor from
a single CD-ROM. And the applica-
tions themselves are beginning to
share more common components,
such as dictionaries and drawing
tools, as well as relatively con-
sistent user interfaces.
That's one way of looking at it.

On the other hand . . .

Innovation is dead. There have
been no real new ideas in eithar
hardware or software for years. In-
novation is no longer a creative en-
deavor for the purpase of enhancing
human experience; it is a calculated
risk designed to increase profit.

The way | see it, the computer
industry is now controlled by MBAs
whose only concern is the bottom
line. Bright young minds that want
to make a difference are being
drawn to other fields, leaving only
those who want to make a buck.

Large companies are gobbling up
small companies; those that aren’t
gobbled up commit hara-kiri. Within
large corporations, those adept at
politics tord it over those who love
what they do.

It wasn't always this way.
Throughout the 1980s, small hard-
ware and software startups experi-
mented and continually pushed the
bounds. Countless good ideas
emerged from those efforts. Those
ideas were highly visible, but
doomed, like flowers in the snow.

Today, a few monolithic megacor
porations are either strangled or
they buy up all the competition. Al-
ready there is little reason to inno-
vate; soon there will be none. Out of
fear of being swallowed, new busi-
nesses will not start up, orif they do,
it will be for the cynical reason of
making a fast buck and then selling
out. As the MBAs perfect their pan-
dering techniques for the computer
industry, every last vestige of mean-
ingful individuality will give way to
already rampant “me-too-ism."”

Sure, today’s machines are fast-
er. But that just means they waste
more CPU cycles between key-
strokes. Sure, today's software is
more capable. But that just means
there are more features going un-
used. Sure, the growth of network-
ing supports inexpensive local and

wide-area communications. But
networks are really just the latest
infrastructure that permits a com
puting priesthood, formerly associ-
ated with mainframe computers and
screwed-up telephone bills, to at-
tempt to seize control.

Ten years ago, hard-disk storage
cost 5100 per megabyte. Today, it
costs 50.50 per megabyte. That is
good—aor would be if that storage
were put to good use. But it isn't,
because of bloated software

Software developers are taking
advantage of declining hardware
costs to produce inefficient code,
Then they have enough nerve to re-
lease il before testing it fully. In-
stallation routines modify key
system files and leave trash all over
a disk.

Today's hardware is still pitifully
sensitive to environmental condi-
tions. A small brownout can easily
cause the typical power supply to
shut down. And a small surge can
easily fry it. Why, after 15 years of
development, do personal comput-
ers still lack built-in power con-
ditioning circuits?

Why is a backup system op-
tional? Backup should routinely be
part of the operating system. The
only time users should hear any-
thing at all about the backup system
is when something goes wrong and
the backup kicks in. Then the oper-
ating system should inform them so
they can initiate regair or replace
ment. But their work should never
be jeopardized.

Why have personal computer
users settled for such incomplete
solutions in both hardware and soft-
ware? What other major purchase
asks for such a high-level of trust yet
does so incredibly little to earn it?

Gadget mania

In my opinion, the answers to all
those questions center around the
love for gadgets and the increasing
laziness when it comes to produc-
ing results. For three generations,
the insidious idea has been spread-
ing that favorable results come
about merely by pushing buttons.
Results are what count. The pro-
cess of getting there is irrelevant.

If lam your boss, | just want you to
produce; | don't care how you do it.
If you think more powerful (more
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feature-laden) tools will help, I'll buy
them for you. | just want results.

But you might expect to plug that
tool in, turn it on, and iImmediately
produce the results | demand with-
out study. So developers are doing
their best to put intelligence inta the
software, thereby lowering the
knowledge and experience required
to operate it. That's good, because
pretty soon | won't need you. | ean
hire someone with much less edu-
cation and save a bundle

Really though, the problemn is not
tools that are better than workers.
The tools automate the part of the
job that requires the least knowl-
edge. That word processor will pro-
duce gorgeous looking docu-
ments—but it won't teach you how
to organize your thoughts and write
them down. That spreadsheet will
automatically sum rows and col-
umns of numbers, but it won't tell
you which are the important values.
That database package will help you
build pretty screens, but it waon't
help you design a mathematically
correct database structure

Part of the problem is the rah-rah
computer press. In the interest of
selling magazines and attracting ad-
vertising, publishers invariably
adopt a breathless attitude towvard
new gadgets, thereby insidiously
encouraging a witless public to lust
after them,

What little assistance the press
does offer comes in the forrr of triv-
ia ("A Million and One Ways to
Change Your System Colors™'); sub-
stantive content is almost totally
lacking. It teaches you how to use a
tool; it doesn’t ask you to reflect on
why you're using it or what you're
doing. The assumption is that either
A) you already know what you're
doing and just need a little help with
the tool, or B) you don’t know what
you're doing and wouldn't buy mag-
azines if they tried to help with that.

There is a raging debate in the
business community over what is
called The Productivity Paradox.
The paradox is that although billions
of dollars have been invested in this
country in improving productivity
through computer technology, there
is nothing to indicate that the invest-
ment has paid off. Some say there
simply has been no productivity im-
provement. Others say it's there, we
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EN Engineering Admart

Radiotelephone - Radiotelegraph

Commercial

Fcc License

r Why Take Chances? L
| Discover how easy it is to pass the
exams. Study with the most current
materials available. Qur Homestudy
Guides, Audio, Video or PC "Q&A" pools
| make it so fast, easy and inexpensive. No |
college or experience needed. The new
] commercial FCC exams have been revised, |
covering updated Aviation, Marine, Radar,
| Microwave, New Rules & Regs, Digital |
Circuitry & more.We feature the Popular
I "Complete Electronic Career Guide".
|
I
|

1000's of satisfied customers Guarantee to 1
pass or money back. |
Send for FREE DETAILS or call

WPT Publications |

4701 N_E. 47th St.
Vancouver. WA 98661 I

1-800-800-7588
NI e———

IRCLE 105 ON FREE {NFORMATION CARD

wﬁl
Projects

MIDI ;
PROJECTS -

BP182—MIDI interfacing enables any so
equipped instruments, regardless of the man-
ufacturer, to be easily connected together and
used as a system with easy computer control
of these music systems. Combine a computer
and some MIDI instruments and you can have
what is virtually a programmable orchestra. To
order your copy send $6.95 plus $2.50 for
shipping in the U.S. to Electronic Technology
Today Inc., P.0. Box 240, Massapequa Park,
NY 11762-0240.

AN

i =l

nghhmplm
Audio ar
Construction

HIGH POWER
AUDIO

AMPLIFIER
CONSTRUCTION

BP277—Here's background and practical de-
sign information on high power audio ampli-
fiers capable of 300 + 400 watts r.m.s. You'll
find MOSFET and bipolar output transistors in
inverting and non-inverting circuits. To order
your copy send $6.25 plus $2.50 for shipping
in the U.S. to Electronic Technology Today
Inc., P.0. Box 240, Massapequa Park, NY
11762-0240.

Rates: Ads are 2%in x 274". One insertion $1025 each. Six insertions $1000 each. Twelve
insertions $950 each. Closing date same as regular rate card. Send order with remittance to
Computer Admart, Electronics Now Magazine, 500-B Bi-County Bivd., Farmingdale, NY
11735. Direct telephone inquiries to Arline Fishman, area code-1-516-293-3000. FAX
1-516-293-3115. Only 100% Computer ads are accepled for this Admart.

just don't know how to measure it.
Some can point to isolated in-
stances of improvement, but we still
lack broad-based standards to indi-
cate overall trends.

In my experience, large amounts
of time and other resources are
wasted on doing the job right,
whereas little or no consideration is
given to doing the right job. Most
people figure it's better to do some-
thing than nothing, so they lose

—_—
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themselves in the process of tool
operation. Eventually something re-
sults, and as the automation fea-
tures of the tools improve, that
something takes on more and more
of a professional look. By analogy,
you can build an outhouse from
brick. Just don't lose sight of the
fact that it will still be an outhouse.

End of harangue

There are several points | want to
make:

1. It's all right to be seduced, as
long as you remember you're being
seduced. At some point, the inten-
sity will wear off, and you'll be left
with a box full of tools and a job to
do. Learn how to use the tools to
accomplish real work. Sure, you
love technology. or you wouldn't be
reading this magazine. Just re-
member that technology is the
means, not the end.

2. Always keep clearly in your
mind what the real work is. When
you're in the seduction phase, ac-
knowledge it as that and enjoy it.
But bring it to an end when it's time
to work.

3. Ask what benefits a tool pro-
vides; don’'t get caught up in
features that might appear sexy but
will actually be useless to you.

4. Demand from manufacturers
features that help accomplish real
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work, and not ones that just en-
hance appearance.

5. Don’t be seduced by the com-
puter press.

6. Process counts just as much
as results. Pay attention to the way
you accomplish your work. Over
time, you'll notice some patterns
that you'll be able to perfect, dras-
tically increasing your efficiency,
and others that you'll simply want to
drop.

Innovation is not dead. And things
might not be as bad as painted here.
But there is a trend in that direction.
Keep your eyes open and your ears
to the ground. Don't be seduced by
what is not important. Comments to
jkh@acm.org. Q

NELSON

Basically, the difference berween this software
package and the one you're using is that this
one works.
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BUYER’S MART

FOR SALE

TUBES: “oldest”, “latest”. Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood
Ave. RE, Hammond, IN 46324,

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.

CABLE test chips. Jerrold, Tocom, S.A.,
Zenith. Puts cable boxes Into full service
mode! $29.95 to $59.95. 1 (800) 452-7090, (310)
902-0841.

300 Experimenters Circuits — Complete in 6
practical books using diodes, relays, FET’s,
LED's, IC 555's, and IC CA3130's for building
blocks. Only $33.00 plus $5.50 for shipping. USA
and Canada only. US funds. ETT, INC., PO Box
240, Massapequa Park, NY 11762-0240.

HOME automation & computer control: Two-way
IR, two-way X-10, & hardwire. Control devices
from serial comé)uter link or stand-alone opera-
tion. COMPCO, (615) 436-5189 BBS (615)
244-4445 RIBINFO.ZIP.

“SECRET cable descramblers! Build your own.
descrambier for less than $12.00 in seven easy:

steps! Radio Shack parts list and free descram-
bling methods that cost nothing to try, included.
Send $10.00 to: INFORMATIO

FACTORY, PO

CABLE descrambling, New secret manual.
Build your own descramblers for cable and sub-
scription TV. Instructions, schematics for SSAVI,
gated sync, sinewave, (HBO, Cinemax, Show-
time, UHF, Adult) $12.95, $2.00 postage.
CABLETRONICS, Box 30502R, Bethesda, MD

Box 669, Seabrook, TX 77586. For COD’s (713)
922-3512 any time! {1l

20824.

 SIGNAL ELIMINATOR )

Strength

Chamnel

CABLE TV 50dB NOTCH FILTERS for inter-
ference removal or channel censoring. Filters
are user-adjustable to desired channel # or
frequency. Eight Models availabie, each for
certain channels: 2 & 3;4t0 6; 710 13; 14 to
17,18 to 22; 23 to 29; 30 to 36; 95 to 99 pius O
& 1. Just $30 each or 3 for $75, includes
shipping. ONE MONTH MONEY BACK, fast
delivery. Visa, MC, check or M.O. (C.O.D. is
$5 extra) Huge discounts for higher quan-
tities. STAR CIRCUITS, P.O. Box 94917, Las
Vegas, NV 89193. Call 24 hours
1-800-535-7827.

RESTRICTED information: surveillance and
schematics, locks, cable, hacking, more. Details:
MENTOR, Box 1549-Z, Asbury, NJ 07712.

CABLE TV converters. Jerrold, Zenith, Pioneer,
Oak, Scientific Atlanta, and many more. 12 years
experience gives us the advantage. Visa/MC
Amex COD ADVANTAGE ELECTRONICS, INC.,
1 (800) 952-3916 1125 Riverwood Dr., Burnsville,
MN 55337.

THE Case Against the Patents. Thoroughly test-
ed and proven alternatives that work in the real
world. $28.50. SYNERGETICS PRESS, Box 809-
C, Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

Quality Microwave TV Antennas

¥ WIRELESS CABLE - (FTS - MMDS - Amateur TV
Uttra High Gain 50db(+) « Tuneable 1.9 to 2.7 Ghz.
* 55-Channel Dish System  $199.95
* 36-Channet Dish System $149.95
* 20-Channel Dish System $124.95
» Dplional Commerciat Gnid Antenna {not shown) Add $50.00
* Yag: Antennas, Components, Custom Tuning Avarlable
Ii « Call or write {SASE) for “FREE" Catalog
il * PHILLIPS-TECH ELECTRONICS
Dish System P, Box 8533 « Scottsdale, AZ 85252
LFETIME  (602) 947-7700 ($3.00 Credit all phone orders)
i WARRANTY MasterCard o Visa » American Express o COD's o Ouaniity Pricing

Card Number

CLASSIFIED AD ORDER FORM

. To run your own classified ad, put one word on each of the lines below and send this form along with your check to:

Electronics Now Classified Ads, 500-B Bi-County Boulevard, Farmingdale, NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special headings, there is a surcharge of $25.00.

( ) Plans/Kits ( ) Business Opportunities ( ) For Sale

5 EducationvInstruction ( ) Wanted ( ) Satellite Television

Special Category: $25.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or type your
copy) Rates indicated are for standard style classified ads only. See below for additional
charges for special ads. Minimum: 15 words.

1 2 3 4 5
B | T 8 9 - 10
T 122 13 14 15 ($46.50)
16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)
" 21($65.10) 22 ($68.20) 23($71.30) 24 ($74.40) 25 ($77.50)
26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)
31 ($96.10) 32($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders. It you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

Expiration Date

/

Signature

Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED.

CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid (not applicable on credit card
orders). NON-COMMERCIAL RATE: (for individuals who want 10 buy or sell a personal item) $2.50 per
word, prepaid....no minimum. ONLY FIRST WORD AND NAME set in boid caps at no exira charge.
Additional bold face (not available as all caps) 55¢ per word additional. Entire ad in boldface, $3.70 per
word. TINT SCREEN BEHIND ENTIRE AD: $3.85 per word. TINT SCREEN BEHIND ENTIRE AD PLUS
ALL BOLD FACE AD: $4.50 per word. EXPANDED TYPE AD: $4.70 per word prepald. Entire ad in
boldface, $5.60 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD: $5.90 per word. TINT
SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS ALL BOLD FACE AD: $6.80 per word. DISPLAY
ADS: 1" x 2%"—$410.00; 2" x 2v'—3$820.00; 3" x 2V"—$1230.00. General Information: Frequency
rates and prepayment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL.
ADVERTISEMENTS USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER
SUPPLIES PUBLISHER WITH PERMANENT ADDRESS AND PHONE NUMBER. Copg to be in our
hands on the 1st of the third month preceding the date of the issue. (i.e., Aug. issue copy must be received by
May 1st). When normal closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working
day. Send for the classified brochure. Circle Number 49 on the Free Information Card.
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CABLE TV converters & accessories. Whole-
salers weicome! 30 day moneyback guarantee!
Free catalog! PERFORMANCE ELECTRONICS,
INC., 1 (800) 815-1512.

DESCRAMBLE cable with simple circuit added to
Radio Shack RF modulator and using VCR as
tuner. Instructions $10.00. TELCOM, Box 832-E1,
Brusly, LA 70719.

CB Radio Modifications! Frequencies, 10M,
sliders, FM, amplifiers, books, kits, repairs, high-
performance accessories. The best since 1976!
Catalog $3.00. CBCI, Box 31500EN, Phoenix, AZ
85046.

CABLE TV converters. Jerrold, Zenith, Oak, Sci-
entific Atlanta, all brands available. Link yourself
to the future. Visa, Mastercard, COD accepted.
CABLE LINX INC., 1 (800) 501-0095.

EXPLORE! Experiment! Discover! Science with
PowerGraph PC/Mac interactive software. (Multi-
colored MathArt, educational games, orbits,
Chaos..) Easilr plot equations, perform simula-
tions and real experiments! $34.00 MICRO-
PHYSICS: 1 (800) 286-3527.

ACABLE test-chips as low as $9.95, for testing
cable boxes in full service mode. Jerrold: Star-
com Vi, Vit & R2 V5, Jerrold cubes; Pioneer,
clears E2 thru E5; Pioneer cubes: BA-5000 thru
BA-6700: Tocom $503/5507; Scientific Atlanta:
8500 thru 8600; Zenith: all but PZ1, remotes
$10.00. N.E. ENGINEERING, 1 (800) 926-4030,
fax (617) 770-2305.

TV Notch filters, free brochure, MICRO THINC.,
Box 63/6025, Margate, FL 33063. (305)
752-9202.

ANTIQUE RADIO CLASSIFIED
Free Sample! A (/@
Antique Radio's . B 3
Largest Circulation Monthly. - i o l
Adticles, Ads & Classifieds. ol R,
6-Month Trial: $17.95. 1-Yr: $34.95 ($51.95-1st Class).
A.R.C., P.O. Box 802-L15, Carlisle, MA 01741
Phone:(508) 371-0512 VISA/MC Fax:(508) 371-7129

The nationwide source
for cable TV equipment.

"BUY WHERE THE DEALERS BUY." |

and Converterters Catalog.

TOP quality imported, domestic kits; computers,
components; surplus, discount electronics, parts;
auto, home electronics; lasers. Catalog $2.00.
TEKTRASONIX, 740 E. Bay Avenue, Man-
ahawkin, NJ 08050.

FIBER Optics experimenters parts, supplies
and tools: Fiber, cable, connectors, splices, de-
tectors, lasers, kits, plans, newsletter. Send $2.00
for catalog. LIGHTLINE ENGINEERING, PO Box
24, Mullica Hill, NJ 08062.

TEST Chips. Put your cable box in full test mode.
Call (303) 731-9400.

DEALERS Only: Test chips at below wholesale
prices. Scientific Atlanta quick boards and 40-pin
micros. Jerrold comgatible for all models starting
with DP, DPV, DPBB & CFT, including R2 & V5.
Pioneer 3-wire and custom 6300's. Zenith &
Tocom. Direct from manufacturer, we guarantee
the lowest prices. Software and master files avail-
able. We also have converters & descramblers
priced to move. Visa, Mastercard, C.0.D. 1 (800)
618-7480 ext. 111.

AT Last: Organize and store resistors, diodes,
etc. In the Sofpack. Roll up or hang on wall, hoids
hundreds of components. U.S. patent 5,273,158.
Introductory offer, buy one get one free. Send
$7.95 + $2.00 s/h. FATHOM TECHNOLOGIES,
PO Box 1155, Naples, FL 33939-1155.

WANTED

TEST equipment wanted; top prices paid! Please
send or fax your offer to: HTB ELEKTRONIK,
Alter Apeler Weg 5, 27619 Schiftdorf, West
Germany. Fax: 01149-4706-7049.

|
|
I TV Cabde Descramblers
l Open Every Dayl!

| Your VCR Tapes  Why put up with inconsistent |

|  CANPLAYAS

| Ciearas Dav!

| UNJAM NOW WITH
Video Decoder"
« Easy Connections

l < Eliminates Jamming”

| * Copy any tape
* AC Piugs Inciuded

MEGA ELECTRONICS
1-800-676-6342

and interference!

* 2 Year Wamanty

VISAeMC
€.0.0.

Color, Flashes and Streaking |

« 30 Day Money Back Gurantee |

save |
1000's

| _21S. Malin St., Winter Garden, FL 34787

NEW Product Announcement

Universal Cable TV Descrambler

No Converter Necessary
Works With AllSystems

Call 1-800-664-6999 EZm

TR wuS AR TR TER 73400

NHzeef) Anms

MCM Electronics

Your #1 Electronics Parts Source

Call for your free catalog today and make MCM ... Your #1 Source!

True RMS
Benchtop DMM

MCM

' ELECTRONICS”

“EALL TOLL PREE 1.800-543-4330
T4 181 ATssens

Get fast delivery from cur distribution
facilities in Dayton, OH and Reno, NV}

New hours: M—-F7a.m.-9p.m.,
Sat. 9a.m.—6 p.m.,EST.

1-800-543-4330

MCM ELECTRONICS™

650 CONGRESS PARK DR.
CENTERVILLE, OH 45458-4072
A PREMRER Company

CIRCLE 87 ON FREE INFORMATION CARD
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L. O PART-ME sosmusness: . 1

FULL- OR PART-TIME JOB/BUSINESS:

| Learn VCR repair!

Professional-level home I
I =f study course. Master easy- I
to-learn, high-profit repairs
I without investing in costly I
high-tech instruments. For
I free career literature, send
or call 24 hours a day.

800-223-4542 |
I

Phone { ) I

Name Age

I Address _

City State ____ Zip
The School of VCR Repair, Dept. VRB342
LPCDI, 6065 Roswell Rd., Atlanta, GA 30328

EDUCATION & INSTRUCTION

F.C.C. Commercial General Radiotelephone
license. Electronics home study. Fast,
inexpensive! “Free” details. COMMAND, D-176,
Box 2824, San Francisco, CA 94126.

ELECTRONIC engineering. 8 volumes com-
plete. $109.95. No prior knowledge required. Free
brochure. BANNER TECHNICAL BOOKS, 1203
Grant Avenue, Rockford, IL 61103.

HISTORIC and Classic hardware support maga-
zine. The Computer Journal provides how-to
information on kee{._)ing $-100, Kaypro, 280, 6809,
CP/M, and PC/XT systems running. Over ten
éears of hardware, software projects. 6 issues
24.00. Free sample. 1 (800) 424-8825. TJC, PO
Box 535, Lincoln, CA 95648.

;iELECTﬁE‘-’IlT‘F."EIe.ctmnM&E_rgiu.iﬁg:aen?aa-ﬂaai{
Sl LIS mifitary. 24 wolumes; othee Sourses awasl
-able. Frea catalog; FEDERAL TECHNICAL
:PUBLISHERS, Box 1218 E, Gien Lake, MN

s

CONVERTERS

DESCRAMEBLERS : TEST CHIPS
All Below are Wholesale!!!

® Scientific Atlanta
8600 - 8590 - 8580 - 8570 - 8550
***All descramblers & quick boards***

e Jerrold Compatible
CFT -DPBB - DPV -DP, Etc

All descramblers & test chips***
PIONEER - ZENITH - TOCOM
s Check the Competition, then call us! ¢

National Electronic
o @Wholesalers # « #x

1-800-618-7480 = & v ~

SATELLITE TV

FREE catalog — Lowest prices worldwide. Satis-
faction guarantee on everything sold — Systems,
upgrades parts all major brands factory fresh and
warrantied. SKYVISION, 1012 Frontier, Fergus
Falls, MN 56537. 1 (800) 334-6455. Outside US
(218) 739-5231.

VIDEOCYPHER |l descrambling manual. Sche-
matics, video and audio. Explains DES, Eprom,
CloneMaster, Pay-per-view (HBO, Cinemax,
Showtime, Adult, etc)) $16.95, $2.00 postage.
Schematics for Videocypher 1l Plus, $20.00.
Schematics for Videocypher I 032, $15.00. Soft-
ware to copy and alter Eprom codes, $25.00. VCII
Plus Eprom, binary and source code, $30.00.
CABBZL TRONICS, Box 30502R, Bethesda, MD
20824,

I REMOVE
= VOCALS!
ck

PLANS AND KITS

60 SOLDERLESS Breadboard Projects in two
easy-to-read pocket books. Complete with circuit
descriptions, schematics, parts layouts, compo-
nent Iistings, etc. Both books (BP107 & BP113)
only $11.91 glus$3.50forshié)pin .USAandCan-
ada only. US funds. ETT, INC., Box 240, Mas-
sapequa Park, NY 11762-0240.

SURVEILLANCE Transmitter kits, 65 to 305
MHz. Quick & Easy Partially assembled units.
Five minutes completion. 110-volt duplex recepta-
cle, room battery types, and telephone. Counter-
surweillance. Catalog: $2.00. SHEFFIELD ELEC-
TRONICS, PO Box 377940-C, Chicago, IL
60637-7940.

CRYSTAL set Handbook — Visit antiquity by
building the radios your grandfather built. Assem-
ble a “Quaker Oats" rig, wind coils that work and
make it look like the 1920's! Only $10.95 plus
$3.50 for shippi%and handling. ELECTRONIC
TECHNOLOGY TODAY, INC., PO Box 240, Mas-
sapequa Park, NY 11762-0240. US funds only!
USA and Canada — no foreign orders.

SURVEILLANCE

& COUNTERSURVEILLANCE Elactronic Devices
Covert Video Cameras * Transmitter Kits ¢ Vnica Changars

Bug and Phone Tap Detectors * Shotgun Mics « Micra Eecordars
ehicle Tracking * Locksmithing » AND MORE|
¢ oS
shom cale alominticaty. S 199,00
SPY  FORCATALOG SEND §50070..  CREDITCire
OUTLET 0. Box 337, Butfalo, NY 14226 (716) 691-3476

150 name & number
storage; works stand-alone
LER s or with your PC via R§232.
Multistation Thermometer Kit: LCD, 4 stations
Telephone Dialer Kit: 240 number memory, LCD
Call for kit information! 1-800-772-3945
GENOA Group,7304 S. Alton Way, Unit A, Englewood CO 80112

ALL-in-one catalog. AM/FM/ham/spy, transmit-
ters, amplifiers, receivers. Voice scramblers/dis-
guisers, audio, TV, Tesla coils, plans, “secret”
books, kits, imports, exports and more. Start your
own licensed or unlicensed radio station, 60 full
pages for $1.00. PAN-COM INTERNATIONAL,
PO Box 130-F2, Paradise, CA 95967.

COUNTER-Surveillance technicians earn
$250.00 hr! Free catalog and complete dealer
information shows you how! 1 (800) 732-5000.

CABLE descrambler — Build your own! — Com-
plete set of plans include parts list, circuit board
pattern, instructions, and more. Send SASE and
$19.95 check or money order to: PLANS, PO Box
446, Exeter, Rl 02822.

BUILD surveillance & countersurveillance equip-
ment! Detailed manual shows you how! Free infor-
mation! TECHNOTES, Box 388-EN, Tehachapi,
CA 93581-0388.

PLUG & play! Adapt-11 microcontroller module
plugs vertically into solderless breadboards! Test-
drive 68HC11 designs instantly! Program via serial
port! Re-useable thousands of times! Ideal for
students, Hobbyists and experimenters! Pro-
grams 68HC711 chips! Starter package $74.95!

ECHNOLOGICAL ARTS, 309 Aragona Bivd.,
Suite 102-418, Virginia Beach, VA 23462.

RED Alert! Alarm system kit. Build this portable,
programmable alarm system. About the size'of a
pack of cigarettes, this state-of-the-art alarm
senses motion and emits a 110 dB alarm tone.
Packed with features, the alarm uses a popular
Motorola programmable microcontrolier. Several
pre-programmed chips are available, or write your
own custom program. Build in an afternoon, use it
tonight! Optional heavy duty enclosure also avail-
able. Call toll free 1 (800) 369-2290. UNISON
INTERNATIONAL, PO Box 4957, New York, NY
10185.

SURVEILLANCE/Countersurveillance, bugging/
phone tapping detectortelephone/fax encryption,
vehicle tracking, covert video, transmitters kit, and
more...A.B. ELECTRONICS, (718) 253-3637.
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continued from page 42

Anti-carjack mode

When the ignition key is on,
opening and closing the driver-
side door will start the first 15-
second timer circuit (Fig. 1) and
light the green die in LED1. No
action is taken immediately—
the timer starts only when the
door is closed. This gives the
carjacker enough time to drive
away from the owner/autho-
rized driver before any siren will
be sounded. Not only does this
interval permit the thief to dis-
tance him or herself from the
driver and the site of the theft,
but it also lessens the pos-
sibility that a startled and frus-
trated thief will retaliate by
harming the car or driver.

Should the carjacker try to re-
open the door to deliberately in-
hibit the timer in the package-
loading timer reset mode de-
scribed earlier), his efforts will
fail because pin 3 of IC1 (Fig. 2,
main alarm board) is low. This
disables transistor Q2. The first
timer circuit will time out in 15
seconds, and when the second
latch becomes active, the voice
module will be triggered by the
red die in LEDI.

With a logic high on pin 6 (A)
of the voice synthesizer IC1, the
output is three warning beeps
followed by a warning that Pro-
Car has been activated and that
the vehicle will be disabled with-
in 10 seconds.

If the carjacker attempts to
defeat the warning by turning
the ignition key off and on, the
RC timer circuit consisting of
R2 and C1 keeps the system
armed because the key must be
off for 10 seconds to reset this
timer circuit.

When the second 15-second
timer circuit has timed out, the
armed line to the Power Module
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(Fig. 3) goes to logic high and
the engine is shut off. The mo-
tion/shock sensor will detect the
carjacker’s movement. As a re-
sult, the trigger (T)line also goes
to logic high, activating the si-
rens and lights flasher. After the
siren stops , the vehicle will still
be protected.

Pins 8 and 9 of the CMOS
NAND IC8 on the Voice/Options
board (Fig. 2) will be logic high
only when alarm pin 8 is trig-
gered at the same time ignition
pin 9 is logic high. Con-
sequently, pin 10 will go low and
latch on outputs for two other
nand gates (identified by pins 1
to 3 and 4 to 6). This will cause
pin 4 of one gate to go high, sim-
ulating the high security mode
by turning on the high security
transistor Q7.

This response will protect the
vehicle in the event that the car-
jacker returns after the sirens
stop sounding, and tries to re-
start the car.

When the owner/authorized
driver gives the secret signal,
the latch in IC8 will be reset to
standard security because pin
1 is connected through wire “U”
to the reset section of latch IC2
on the main alarm board, Fig. 2.

We will pick up next month
with a discussion of the Power
Module. Q

MINi ANALZYER
continued from page 82

to sense the previously un-
checked outputs instead of IC
outputs 6, 7, and 8.

Most digital ICs can be tested
in a similar process. That is,
you must determine the neces-
sary inputs to exercise all func-
tions of the IC, program those
inputs, determine where to ob-
serve the outputs and what
those outputs should be. Then
you can compare the results.

To make a simple jig for this
purpose, you can use a general-
purpose IC PC Board (Radio
Shack Part No. 276-159) and a
20-pin IC socket. Solder the
socket in place, and solder a sol-
id wire loop on each of the in-
put/output pads. The jig is
shown in Fig. 16. Q

BUSINESS OPPORTUNITIES

EASY work! Excellent pay! Assemble products at
home. Call toll free 1 (800) 467-5566 Ext. 5192.

START your own technical venture! Don Lan-
caster's newly updated Incredible Secret Money
Machine Il tells how. We now have autographed
copies of the Guru's underground classic for
$18.50. SYNERGETICS PRESS, Box 809-C,
Thatcher, AZ 85552. (602) 428-4073. Visa/MC.

CABLE TV TURN-ON CHIPS

SUPER Cable TV “Test Chips”. Provides full
service activation. Excellent; instructions & ii-
lustrations. Jerrold Starcom:
DP(V)5..DP(V)7..DPBB7. Pioneer: BA-5000 thru
BA-6700. Scientific Atlanta: 8500 thru 8600:
Tocom: 5503-VIP..5507. Zenith: ST-1000 thru
ST-5000. Call now!! MASTER COMPONENTS. 1
(800) 233-0570.

CABLE BOX

WHOLESALERS, INC.

BEST BOXES—BEST PRICES
Immediate Shipping—COD's

Satisfaction Guaranteed
FREE Catalog—Call Now

800-841-7835

CONVERTERS / DESCRAMBLERS
30 DAY MONEY BACK GUARANTEE
ORDERS SHIPPED WITHIN 24 HOURS HAVE MAKE &
MODEL # READY FOR THE BEST PRICE & SERVICE
HOME TECH COMMUNICATIONS

CALL TODAY 1-800-310-1157
NO TENN. SALES

PAY.TV AND SATELL{TE DESCRAMBLING
all new info VOLUME 6 all new info
“Volume 6-our best yet-details ail known fixes for all cable, wireless
and satellite systems. Many do-it-yourseit. Schematics Included. Only $15.95
* Pay TV Volumes 1-5 (all different) * Hacker Video (VHS)
* Wireless Cable Hacking * Build Satellite Systems (includes OBS)
* Compleat Wizzard (VC2+) * alt these tities $15.95 each 3/34.95 5/52.95
* Monthly Newsletrer $29.95/r.  * new catalog 81 * All our info $129.95
Scrambling News, 1552 Hertel Ave., #123

Buffalo, NY, 14216. Voice/Fax/BBS (716) 874-2088
€09°S ARE OK_ADD $6

CIRCLE 56 ON FREE INFORMATION CARD

¥

Be a computer
(]
repair expert!
Career-level home study !
course. Learn all about PC re-
pairs, troubleshooting, instal-
lation, upgrading, servicing.
Open your own business;
become a more valuable em-
ployee. Free literature: send
or call 24 hours a day.

800-223-4542

Name Age

Address Phone ¢

___ State _ Zip

City

I The School of PC Repair i

PCDI, 6065 Roswell Road
Dept. JJB342, Atlanta, Georgia 30328

| ettt
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Do-lt-Yourself Electronic Kits
Free Catalog Available
Call 213/ 888-8988 Fax 213/ 888-6868

i~ 8019 E. Slauson Ave.,
Mark V Electronics g5 b i GA 90640

A Beginner AA IntermediateAAA Advanced!!

Stereo Loudspeaker Protector TY-26 &
- Super fast acting relay protects
) - speaker against destructive DC
; e voltage. Can connect directly to
: a power amp. of Can use 3
. separate power supply. Has a 3
. = second turn-on delay to avoid

Kit: $ 16.75 turn-on thumps.

120W MOSFET Power Mono Amp. TA-477 A&
120W into 8 ohms RMS. THD:
<0.007%. Frequency Response:
8 HZ-20 KHZ, + 0-0.4 dB. 2.8 HZ-
65 KHZ, +0-3 dB. Sensitivity:
1V. Power Requirement: 55V DC
@ 3A. May use Mark V Model #
003 or # 012 transfor

300w into 8 ohms RMS.
Frequency Response: 10 HZ-20
KHZ. THD :< 0.05%. Sensitivity:
v ms at 47K, Power
Requirsments: 60-75V DC at BA.
May use Mark V Model # 007 or #
009 transformer.

into 8 ohms RMS per
channel. THD:< 0.1% from 100
HZ-10KHZ. Phono 3mv @ 47K.
Tuner, Taps 130mV @ 47K.
Power Requirement: 22-36V AC,
3A. May use Mark V Modsi # 002

SAr Ay

3 - transformer.

Metal. Cabinets Power Transformers
LG-1273 3X12X7" § 26.50 #001 28/30VX2 6A$30.00
LG-1684 4X16X8"  32.50  #002 36VX2 3A
LG-1924 4X19X11%" 3826  #003 40VX2 6A
LG-1925 5X19X11% " 42.00  #004 24VX2 BA
LG-1983 2%X18X8” 35.25  #005 26VX2 3A

Cirer T 2 p #006 18VX2 BA
o METY  #009°48/53VX2 8A 66.00

#007 B3VX2 8A
b *Torcidal Transpormer #012°24/42VX2 6A 48.00
Minimum order $20.00 We accept Visa, MasterCard,
Money otders and Checks. Please call for shipping
charges, Quantity discounts available.

ORDER 1-800-521-MA RK/1-800-423-FIVE
CIRCLE 93 ON FREE INFORMATION CARD

FREE CATALOG

MON SOIU0II08|T ‘G661 Alenige
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Electronics Now, February 1995

c
F

PATIPELECTRONICS

FAST SERVICE - DISCOUNT PRICES

7 Vdc MOTOR

Matsushita & 4
# MMX- 7AC O 8A

1.25" diameter x 1.25" high
motor. Prepped with 1.61"
diameter flywheel, pulley

and fiberglass mounting CAT# DCM-54

board. $1 00

2! Special purchase of these 8 ohm,
M | 1 watt speakers allows us to sell
quantities at very special low

| j prices. Mounting frame is 2.6"
r square. Overall depth, 0.75."

10 for $10.00
100 for $75.00
1000 for $ 600.00

" CAT# SK-251
$723
MINIATURE TOGGLES
S.P.D.T. (ON-ON) .

Right-angle, pc mount.
75¢ &

0.25" threaded bushing
&
AT
o

Rated 5 amps @ 125 Vvac.
CAT# MTS-4RT
[_10 for $7.00 - 100 for $65.00 |

D.P.D.T. (ON-ON)
ALCOSWITCH # MTM206NPC
Short bat handle, 0.25" long.

PC terminals. 25
CAT# MTS-82PC 1%

each

|_25 for $25.00 - 100 for $90.00 |

9 VOLT 60 MA

SOLAR PANEL

These 6" X 6" glass enclosed

photovoltaic panels produce

9 Vdc at 60 ma. Ideal for charging

batteries and powering small devices.

Put two or more together for more current

and voltage. Includes

hook-up instructions. $ &
each

CAT # SPL-960
ORDER TOLL FREE

1-800-826-5432

CHARGE ORDERS to Visa, Mastercard or Discover

TERMS: Minimum order $10.00. Shipping and handling for the
48 continental U.S.A. $4.00 per order. All others including AK,
HI, PR or Canada must pay full shipping. All orders delivered
in CALIFORNIA must include iocal state sales tax. Quantities
Limited. NO COD. Prices subject to change without natice.
ol "\ ECTRONICS
AX for a FREE

CORPORATION

e

G4 /l:i?)G P.O. Box 567
Al WY Van Nuys, CA 91408
Outside FAX (81 8)781 i

CIRCLE 107 ON FREE INFORMATION CARD

send $2.00 postage:

ADVERTISING INDEX

Electronics Now does not assume any
responsibility for errors that may ap-
pear in the index below.

Free Information Number Page
190 3M Electronic Specialty ... ... .23
—  Akizuki Denshi Tsusho Ltd. .. .. .. 28
107 All Electronics ........ ... .. ... 96
108 AMCSales .......... ... .. .. 85
109 C&SSales. ... ... . . . .. 13
129 Cable Warehouse ... ... .. .. ... 29
-  CLAGGK Video.............. CV3i
- Cleveland Inst. of Electronics. . . .. 19
- Command Productions . .. .. .. _. of
~  Comtrad Industries .. ... ... . 8
127 Deco Industries. ...... . ... ... .. 20
Gl 13 N0 6000860000600 00 7300000000 14
- Electronic Tech Today ........21.86
121 Fluke Corporation .. . .. .. .CV2
182 Foley-Belsaw Company.......... 85

- Grantham College of Engineering |5

- ICS Computer Training ......... 29
~  Information Unlimited .......... 27
126 Interactive Image Technologies . ... 7
114 Jameco........................ 83
93 Mark V Electronics ............. 95
87 MCM Electronics............... 93

191 Metrologic Instruments Inc.......28

193 Mini-Circuits................. Cv4
-— NRISchools ................... 49
56 PartsExpressinc. .............. 95
-  TabBooks.................... 1.30
92  Tektronix,Inc. ..................5
194 Tektronix,Inc. ................. 43
183 Visual Communications ......... 85

98 Wavetek Corp. ................. 11

-  WorldCollege.................. 65
105 WPT Publications .............. 91
111 Xandi Electronics............... 29
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Gernsback Publications, Inc.

500-B Bi-County Blvd.

Farmingdale, NY 11735

1-(516) 293-3000

Larry Steckler, EHF/CET
President

Christina Estrada
assistant to the President

For Advertising ONLY
516-293-3000
Fax 1-516-293-3115

Larry Steckler
publisher

Arline Fishman
advertising director

Denise Mullen
advertising assistant
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Subscriber Customer Service
1-800-288-0652
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1-800-999-7139
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Eastern Advertising
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Great Neck, NY 11021
1-516-487-9357

Fax 1-516-487-8402
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Ralph Bergen
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One Northfield Plaza, Suite 300
Northfield, IL 60093-1214
1-708-446-1444

Fax 1-708-559-0562
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Blake Murphy
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Hutch Looney & Associates, Inc.
6310 San Vicente Bivd.

Suite 360

Los Angeles, CA 90048
1-213-931-3444

Fax 1-213-931-.7309

Electronic Shopper
Joe Shere

National Representative
P.O. Box 169

Idyliwild, CA 92549
1-909-659-9743

Fax 1-909-659-2469
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Countcersurveillance

Never before has so much

professional information on the art

of detecting and eliminating
electronic snooping devices—and

how to defend against experienced

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

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

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

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

Foiling Information Thieves

Discover the targets professional
snoopers seek out! The prey are stock
brokers, arbitrage firms, manufacturers,
high-tech companies, any competitive
industry, or even small businnesses in the
same community. The valuable informa-
tion they filch may be marketing strat-
egies, customer lists, product formulas,
manufacturing techniques, even adver-
tising plans. Information thieves caves-
drop on court decisions, bidding
information, financial data. The list is
unlimited in the mind of man—cs-
pecially if he is a thief!

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

ey

1-516-293-3751

HAVE YOUR
VISA or MC CARD
AVAILABLE

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

Stolen Information

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

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

Please rush my copy of 1the Counersurveillance Techniques
Video VHS Cassetre for i total cost of $53.95 cach (which
inCludes $4.00 postage and handling)

No. of Cassettes ordered
Amount of pavment $
Sales tax (NLY 8. only)
Total enclosed

Bill my L] VISA
Card No

I pire Date

MasterCard

Signature
Nanie
Address
Clity

st zp

All payments in US A funds. Canadians add $4.00 per Viis

citssette. No foreign orders,

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

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

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

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

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

The Dollars You Save

To obtain the information contained in
the video VHS cassette, you would attend
a professional seminar costing $350-750
and possibly pay hundreds of dollars more
if you had to travel to a distant city to
attend. Now, for only $49.95 (plus
$4.00 P&H) you can view Countersur-
vetllance Techniques at home and take
refresher views often. To obtain your
copy, complete the coupon or call.
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D(C-2000 MHz

AMPLIFIERS

In plastic and ceramic packages, for low-cost solu-
tions to dozens of application requirements, select Mini-
Circuits’ flatpack or surface-mount wideband monolithic
amplifiers. For example, cascade three MAR-2 monolithic
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz
amplifier for less than $4.50. Design values and circuit
board layout available on request.

It's just as easy to create an amplifier that meets
other specific needs, whether it be low noise, high gain,
or medium power. Select from Mini-Circuits’ wide
assortment of models (see Chart), sketch a simple inter-
connect layout, and the design is done. Each model
is characterized with S parameter data included in our
740-page RF/IF Designers’ Handbook.

All Mini-Circuits’ amplifiers feature tight unit-to-unit
repeatability, high reliability, a one-year guarantee, tape

and reel packaging, off- .
the-shelf availability, with g
prices starting at 99 cents. \.\ &

Mini-Circuits’ monolithic : \’\ o

o | At = MAR- MAV: MAV MAR VAM RAM
amplifiers...for innovative =~ SM SM
do-it-yourself problem

*Prices éwn Only
Expires 12/1/86

¢ Unit price $ (25 qty)

from

PLASTIC ++VAM-3 +VAM-6  ++VAM-7
SURFACE-MOUNT 1.45 1.29 175
add suffix SM MAR-1 MAR-2 MAR-3 MAR-4 MAR6 MAR-7 MAR-8
to model no. 1.04 1.40 1.50 1.60 1.34 1.80 1.75
(ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3  MAV-4 MAV-11
1 145 185 186 215
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT 4.95 495 495 495 495 495 495
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 1.50 1.60 2.10
MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
0.99 1.35 1.45 1.55 1.29 1.75 1.70
Freq.MHz,DC to 1000 2000 2000 1000 2000 2000 1000 1000
Gain, dB at 100MHz 185 125 125 83 20 135 325 12.7
Qutput Pwr. +dBm 1.5 45 10.0 125 20 5.5 125 175
NF. dB 55 65 60 6.5 30 5.0 33 36

Notes: + Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown

designer’s kit, KH-1 available only $59.95 includes

40 AMPLIFIERS* 10 MAR-1. 10 MAR-3, 10 MAR-4, 10 MAR-8

150 CAPACITORS* 50 100 pf 50 1,000 pf, 50 10,000 pt

740 page RF/IF DESIGNER'S HANDBOOK

« MIXERS * POWER SPLITTER/COMBINERS * AMPLIFIERS ¢ ELECTRONIC ATTENUATORS

+ 18Q/QPSK MODULATORS * ATTENUATORS/TERMINATIONS « DIRECTIONAL COUPLERS
* SWITCHES/DRIVERS

solvers. 7 + RF TRANSFORMERS * DIGITAL ATTENUATORS * PHASE DETECTORS
Modelslabovelshowractual Size « FILTERS * LIMITERS * FREQUENCY DOUBLERS T o
*values or modeis May be substituted without notice. ypical Circuit Arrangement
depending on supplies Rbias
A VeC
P T RFC (optional)
finding new ways plock Ny [ Colock
setting higher standards N *-—"-"*1 ?2- oAb out
- [ ] [ ] - ™ i Ve
Mini-Circuits 3
WE ACCEPT AMERICAN EXPRESS AND VISA
P.O.Box 350166. Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 » 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010
FTSSTRETMA CIRCLE 193 ON FREE INFORMATION CARD
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