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The tough
just got tougher.

Introducing the Rugged
NEW Fluke 70 Series 111
Digital Multimeters,

Rough handling and
high voltage are tough
on a meter. But the new
Fluke 70 Series III takes it
all in stride.
It's built tough inside and out.
With overvoltage protection to
guard against spikes up to 6 kV,
and safety ratings to prove it. It
even protects against measuring
voltage if the knob is accidentally set
on ohms. Plus its rugged, overmolded
body armor case offers constant
protection no matter how much you
throw it around.

As tough as it is, the 70 Series III
is very easy on you. Its tapered
design fits more easily in your hand,
pocket, and tool box. The display is
40% larger, with extra large charac-
ters that are easy to read from a dis-
tance. Plus, there's easier access to
Fluke’s patented Touch Hold® mode
which automatically captures the
measurement, beeps, and locks it on
the digital display for later viewing.

No matter how tough your job is,
the new Fluke 70 Series Il is even
tougher. There are five models to
choose from. And of course, they're
backed by a lifetime warranty.

Fluke Multimeters
Keeping your world up
and running.

Take a demo.

Find out just how *
tough the new \
70 Series I DMMs |
really are. Visit Fluke ’
at www.fluke.com or *
call 1-800-44-FLUKE
for the distributor
nearest you.

Pending Pending

©1997 Fluke Corporation. P.0. Box 9090, M/S 250E, Everett WA
98206-9090. U.S. (800} 44-FLUKE or (425} 356-5400.

Canada (905) 890-7600. Europe {31 40) 2 678 200.

Other countries (425) 356-5500.

Web access: www.fluke.com

All 7ights reserved. Ad no. 00991
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Every once in a blue moon, a project crops up that has

nearly no practical app ications, yet still is so impressive
that everyone who sees it in action wants to try it for

themselves, or better
still, get one for
themselves. This
month's cover story is
just such a project.
Called the Astro-
Treker, it puts the user
at the controls of a
simulated hovercraft.
But this is no video
game; instead it is an
electromechanical
device that obeys all
the laws of physics,

and is as hard to master, and fun to do, as flying a
nelicopter or even piloting a lunar lander. It can even be
modified to provide a variety of different diversions and

games, and makes
— G. Randy Slone
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Driverless cars for intelligent
roads, a biology lab on a chip,
and Jots more.

ALL Asout DVD

A look at what DVD is, how it
works, and why it could soon
replace CDs, laserdiscs, and
CD-ROMs.

— Stephen J. Bigelow

READING AUTOMOBILE
COMPUTER-SERVICE
CoDESs

It's easy to do, can save you
lots of money, and you don't
even need any special
equipment. — Thomas Fox

As a service to readers, ELECTRONICS NOW publishes available plans or information relating to newsworthy products, techniques and scientific and technological
developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, ELECTRONICS NOW disctaims any
responsibility for the safe and proper functioning 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 disciaims any liability for
the 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

patent attorney.
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One-year subscription rate U.S.A. and possessions
other countries $28.97. All subscription orders payable in U.S.A. funds only,
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Where do more people 20

for electronics accessories’

RY K/
Surprlsed?

Of course you weren 1.

—
)

»

adioShack has the accesscries pecpleneed for all sorts of perscnal ele:tronics. Need a case

for your cellular phcne, a lcnger-lasting kattery, a universal remrote contrcl, an adapter for your
portable CD player? We can provide accessories that will help you get the mcst enjoyment and great-
est benefit from thousands of products. No matter who made it or where you bought it—you already
know who'll get you connected. For our store near you, call 1-800-THE-SHACK®.

//"‘\

(R) RadioShack

4 You’ve got questions. We’ve got answers.
CIRCLE 78 ON FREE INFORMATION CARD

www americanradiohistorvy com


www.americanradiohistory.com

Electronics Now, December 1997

EDITORIAL

Trouble for DVD?

Were you planning to get yourself one of
those hot, state-of-the-art DVD players
for your home-entertainment system for
Christmas? Or are you one of those early
adopters who had to be the first on your
block with the hottest development in
home video in years? Well, I'm afraid I've
got some bad news for you.

Just as things seemed to be looking up for
DVD, with a strong holiday selling sea-
son poised to firmly establish the stan-
dard and the medium, a consortium made
up of several major consumer-electronics
manufacturers (Zenith, Matsushita, and
Thomson), several top Hollywood stu-
dios (Disney, Paramount, Universal, and
DreamWorks), and one of the biggest

consumer-electronics retailers in the
country (Circuit City) announced a new
disc format for home entertainment.
And, of course, it won’t work with exist-
ing DVD players.

Called Divx, the key to the system is low-
cost titles that will run about $5 each.
The catch is that they can be viewed only
for 48 hours, after which they will no
longer work. At that point they can be
thrown away or unlocked again for an
additional fee. The discs can only be
viewed on a Divx-compatible DVD play-
er, which will require a telephone con-
nection to a central Divx computer and is
expected to cost about $100 more than a
standard DVD player. The Divx player
will also play standard DVD discs.

Just lovely. As you might imagine, the
reaction within the DVD community has

been akin to someone shouting fire inside
a crowded theater. The home-video
rental industry is also appalled as this
could easily spell the end of their busi-
ness. And how about consumers who
have spent hundreds, or even thousands
of dollars on technology that might soon
be obsolete? Let’s just say that most of
their reactions cant be reprinted in a
magazine that might be viewed by
minors.

If you are wondering what the impetus
behind Divx might be, the answer is sim-
ply money—Ilots and lots of money. The
system gives its proponents a direct line
into the lucrative home-video rental mar-
ket. The studios also like the extra layer
of protection that the system gives their
copyrighted works. The first Divx players
and discs are expected to be available in

Continued on page 98

Easy-to-use circuit
simulation package from
the leader in electronic
prototyping.

- Designed for use
with Windows®95

- Low Cost - $§49.95

- Design circuits
instantly while
choosing from a
complete list of
active and passive
components

- Analyze circuits
using built-in test
instruments.

14.8 - C:\PLAB\AMP_BIP.\WPF

Create and
Analyze Circuits

INSTANTLY <
for only $49.95/

SOFTWARE
INNOVATIVE PRODUCTS. UNSURPASSED QUALITY.
1-800-572-1028 « For a demonstration, visit:
www.globalspecialties.com

Windows®95 is a U.S. registered trademark of Microsoft Corporation.
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What's hetter than SIIBB_II reading?
Speed Learning.

Speed Learning has replaced speed reading. It's a whole new way to read and learn. It's easy
to learn...lasts a lifetime... applies to everything you read. It may be the most productive course

you've ever taken.

Do you have too much to read and too
little time to read it? Do you mentally pro-
nounce each word as you read? Do you fre-
quently have to go back and reread words, or
whole paragraphs, you just finished reading?
Do you have trouble concentrating? Do you
quickly forget most of what you read?

If you answer “Yes” to any of these
questions — then here at last is the practical
help you've been waiting for. Whether you
read for business or pleasure, school or col-
lege, you will build exceptional skills from this
major breakthrough in effective reading, cre-
ated by Dr. Russell Stauffer at the University of
Delaware.

Not just “speed reading” — but
speed reading — thinking —
understanding — remembering —
and — learning

Thenew Speed Learning Programshows
you, step-by-proven step, how to increase your
reading skill and speed, so you understand
more, remember more and use more of every-
thing you read. The typical remark from over
one million people taking the Speed Learning
program is, “Why didn’t someone teach me
this a long time ago.” They were no longer
held back by their lack of skills and poor read-
ing habits. They could read almost as fast as
they could think. '

What makes Speed Learning
so successful?

The new Speed Learning Program does
not offer you a rehash of the usual eye-exer-
cises, timing devices, and costly gadgetsyou've
probably heard about in connection with speed
reading courses, or even tried and found inef-
fective.

In just a few spare minutes a day of easy
reading and exciting listening, you discover an
entirely new way to read and think — aradical
departure from anything you have ever seen
or heard about. Speed Learning is the largest
selling self-study reading program inthe world.
Successful with Fortune 500 corporations,
colleges, government agencies and accred-
ited by 18 professional societies. Research
shows that reading is 95% thinking and only 5%
eye movement. Yet most of today's speed
reading programs spend their time teaching
you rapid eye movement (5% of the problem),
and ignore the most important part, (95%)
thinking. In brief, Speed Learning gives you
what speed reading can't.

Imagine the new freedom you'll have
when you learn how to dash through all types
of reading material at least twice as fast as you
do now, and with greater comprehension.
Think of being able to.get on top of the ava-
lanche of newspapers, magazines and corre-
spondence you have toread...finishing a stimu-
lating book and retaining facts and details

r

FOR FASTER SHIPMENT CALL 1-800-729-7323 OR FAX 1-609-273-7766

more clearly, and with greater accuracy, than
ever before.

Listen — and learn —
at your own pace

This is a practical, easy-to-learn pro-
gram that will work for you — no matter how
slow a reader you think you are now. The
Speed Learning Program is scientifically
planned to get you started quickly...to helpyou
in spare minutes aday. It brings you a “teacher-
on-cassettes” who guides you, instructs, and
encourages, explaining material as you read.
Interesting items taken from Time Magazine,
Business Week, Wall Street Journal, Money,
Reader’s Digest, N.Y. Times and many others,
make the program stimulating, easy and
fun...and so much more effective.

Executives, students, professional
people, men and women in all walks of life from
15 to 70 have benefitted from this program.
Speed Learning is a fully accredited
course...costing only 1/4 the price of less ef-
fective speed reading classroom courses. Now
you can examine the same easy, practical and
proven methods at home...in your spare
time...without risking a penny.

Examine Speed Learning
RISK FREE for 15 days

You will be thrilled at how quickly this
program will begin to develop new thinking
and reading skills. After listening to just one
cassette and reading the preface, you will
quickly see how you can achieve increases in
both the speed at which you read, and in the
amount you understand and remember.

You must be delighted with what you
see, or you pay nothing. Examine this remark-

Maana, aaricanradicabhictory com

able program for 15 days. If, at the end of that
time you are not convinced that you would like
to master Speed Learning, simply return the
program for a prompt refund. (See the coupon
for low price and convenient credit terms.)

RISK-FREE ORDER FORM

I |} YES! | want to try Speed Learning for 15 days

without risk. Enclosed is the first of 4 monthly

| payments of $32.25°. If 'm not completely
satisfied, | may return it for a prompt refund.

| Ll SAVE 8.00! | prefer to pay the $129.00 now,
and save the $8.00 shipping & handling charge. |
| may still return the program for a full refund.

| Method of payment: (Federal Tax Deductible)
| J Check or money order payable to Learn
Incorporated

] Charge to: LI Visa ] MC [J Am Ex [J Discover

l Card # Exp.

| Signature

I Phone ( )

| Address

Name

| city State —_ Zip

| “Plus $8.00 shipping and handling. U.S. funds

I only. For New Jersey residents, sales tax will
be added.

| IeOr\n Dept. LEC-01, 113 Gaither Drive,
e maten M. Laurel, NJ 08054-9987
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EQUIPMENT REPORT

A COMBINATION DVD-ROM AND DVD VIDEO RLAYER FROM HI-VAL

Can'’t decide between a DVD
video player for your living room
or a DVD-ROM for your PC?
Why not get both?

CIRCLE 15 ON FREE INFORMATION CARD

s most undoubtedly know, DVD

(digital versatile disc) is the
hottest new “must-have” technology in
both the consumer-electronics and com-
puter fields. At least it's a “must-have”
until you take a look at current retail
prices. As with most new technologics,
initial pricing has been largely aimed at
the so-called “early adopters;” those with
the desires and finances to be the first on
their block with the “latest and greatest.”
And if you are looking to equip both a
home-entertainment system and a PC
with this new technology, the sticker
shock is doubled.

However, while the advantages
offered by DVD in the home-entertain-
ment field could perhaps be debated,
there is little doubt that in short time the
DVD will largely replace the CD-ROM
in PCs everywhere. Their greatly
expanded storage capabilities make that
a cinch in these days of bloatware appli-
cations and bigger, better, and louder
computer games.

Here’s an idea: Wouldn’t it be great to
be able to equip your PC with a DVD
drive and be able to use that same drive as
a DVD player for your home-entertain-
ment system? Well, dream no more, as
that’s now a reality thanks to an innova-
tive DVD upgrade bundle put together
by Hi-Val, Inc. That bundle, which
retails for $799, includes a Toshiba
DVD-ROM drive, which is a DVD play-
er and 8X CD-ROM drive all in one
unit, and an AC-3/MPEG2/MPEG!
audio-decoder card that works in con-

junction with an existing sound card. The
DVD-ROM drive can play DVD movies
and DVD games and is backward-com-
patible with music CDs and CD-ROMs.

The Hi-Val package also includes RF
Link’s Wavecom Sr., a wircless transmit-
ter for audio, video, and infrared-remote
signals. It transmits DVD movies up to
300 feet through walls, floors, and ceil-
ings to a cable or composite video input
on a TV or VCR. An infrared receiver on
the Wavecom transmitter transfers any
remote-control signals to an infrared re-
transmitter on the \Wavecom receiver.
Unfortunately that particular feature is of
little use with the DVD kit because the
DVD-ROM drive does not offer remote
control. Still, with the wireless transmit-
ter, DVD movies can be viewed ona TV
in another room while someone works on
the computer doing other things. For
more information on the Wavecom Sr.,
see Equipment Reports in the October,
1997 issue of Electronics Now.

To use the DVD system, you need
Windows 95 and a minimum of a
Pentium 133 with 8 MB of RAM, 4+ MB
of hard disk space, PCI bus mastering,
one vacant PCI slot, and a PCI video
card that supports DirectX (Direct
Draw) at 16-bit color. However, it is rec-
ommended that vou have a Pentium 166
or higher with 16 MB of memory. The
DVD-ROM drive supports DVD-
Video, CD-Extra, Video CD, Photo CD,
Orange book, multi-session, CD-Audio,
CD-ROM, CD-I, and CD-ROM XA,
but not CD-R recordable media.

DVD
DVD is based on the Compact Disc
and the industry-standard MPEG-2 bit
rate reduction. In its most basic form, a
DVD disc can hold 4.7 GB of data, which
is the equivalent of seven CD-ROMsg;
multi-layer and/or double-sided discs can
hold up to four times as much (more on
that in a moment) That’s enough storage
for over two hours of high-quality full-
motion video, additional data tracks, and
surround-sound audio. DVD is back-
ward-compatible with CD-ROM. The
data-transfer rate for DVD movies is
about 600 kilobytes-per-second and for
data applications, rates of 1.3 megabytes-
per-second or more are typical.
MPEG-2 compression identifies por-
tions of a video segment that are
unchanged from frame to frame and
stores only the data describing the differ-
ences between them. Other technologies
that make use of MPEG-2 compression
technology includes DSS satellite TV.
DVD supports two audio-encoding
systems: Dolby Surround AC-3 and
MPEG-2 Audio. The Dolby AC-3 stan-
dard has five signal channels plus a non-
directional subwoofer channel. Dolby
AC-3 gives each of the five audio chan-
nels (left, center, and right speakers in the
front, and left and right surround in the
rear) its own data stream. MPEG-2
Audio can do the same arrangement plus
add left-center and right-center channels.
The initial DVD specification calls
for a single-sided, single-layer disc with
475 GB of storage. To squeeze that
much onto a disc, DVD-ROM uses a
shorter-wavelength laser than standard
CD-ROM, and can read smaller data pits
on a tighter spiral track. And because the
data layer is only half as thick as on a
conventional CD, manufacturers can
make double-sided DVD discs with the
same thickness as conventional CDs (1.2
mmy). Double-sided discs must be turned
over to access the data on the other side.
By sandwiching a semitransparent layer
on top of a reflective layer, a DVD disc
can have two layers of data on one side.

www.americanradiohistorv.com
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A drive equipped with a variable-power
laser bean can read the data on both lay-
ers. A double-sided DVD disc with dual
layers has a capacity of 17 GB.

The DVD-ROM drive included in
the Hi-Val bundle has an ATAPI inter-
face and a transfer rate of 1350 kilo-
bytes-per-second for DVD and 1200
kilobytes-per-second for CD-ROM. It
has a seek time of 140 milliseconds for
DVD, and 110 milliseconds for CD-
ROM. The front panel has a built-in
headphone jack, volume control, and
eject button, plus separate DVD, CD,
and Busy indicator lights. The drive fea-
tures 4X sampling and digital filtering
for CD audio.

The Hi-Val Cinemaster DVD card is
a PCl-based, bus-mastering plug-and-
play card for a PC. Using Quadrant
International’s Videolnlay technology,
digital video is transferred directly over
the PCI bus to the graphics card. The
video signal is also output on external
composite and S-Video connectors for
transferring DVD video to a TV (unfor-
tunately, the Wavecom Sr. wireless trans-
mitter cannot transmit the S-Video).
Dolby AC-3 audio is decoded on-board
and down mixed to 2-channel Dolby Pro
Logic, available for external amplification
or Pro Logic decoding. The AC-
3/MPEG2/MPEG]I audio decoder card
works in conjunction with an existing
sound card.

Installing The Bundle

Installing the Hi-Val DVD upgrade
kit is very easy, as the DVD-ROM drive
behaves basically like an IDE CD-ROM
drive and the Cinemaster AC-3 card fea-
tures plug-and-play operation. The plug-
and-play card installed in minutes in a
vacant PCI slot with the drivers loading
flawlessly from diskette. The 5.25-inch
internal DVD-ROM drive installs in a
standard-size drive bay. It has the familiar
master/slave/cable select jumper on the
back as well as the ATAPI interface and
audio output. An audio cable connects
from the back of the DVD drive to the
AC-3 card and another goes from the
AC-3 card to the original sound card’s
audio input.

Despite the above, we did encounter
some problems. Although there’s no rea-
son why the DVD drive can’t work off
the same IDE controller as the original
CD-ROM drive in a system, our test-bed
system was fussy—it didn’t like two drives
connected to the same IDE controller no
matter what the combination was. We

had to settle for the hard drive on the
primary IDE controller and the DVD
drive on the secondary IDE controller
with its jumper set to the cable-select
position. To accommodate the new drive,
the original CD-ROM drive had to be
removed from the system; that could be a
problem for some since, while the DVD
drive also is an 8X CD-ROM drive, it
can’t read CD-R, which most CD-ROM
drives can handle.

Some Final Thoughts

For the meantime, DVD-ROM
games and resource discs provide the
same basic features as current CD-
ROMs, but with greatly expanded con-
tent. However, enhanced DVD features
such as multiple camera angles and lan-
guages will soon be put to use in a new
generation of multimedia entertainment
software. The Hi-Val bundle includes
Spycraft, The Daedelus Encounter,
Silent Steel, Muppets Treasure Island,
Encyclopedia Electronica, and Wing
Commander IV DVD software.

The quality of DVD video has been
hailed as spectacular, and now that we've
had some hands-on experience we must
concur. Everything we’ve sampled to date
has provided a crystal-clear picture with
CD-quality audio comparable to what's
available via laserdisc or DSS satellite TV.
For those who can't decide whether they
prefer letterbox or traditional pan-and-
scan versions of movies, the discs gener-
ally offer both versions. Video can be
viewed on the computer monitor, or,
even better, on a large-screen TV with
the wireless transmitter. All in all the Hi-
Val bundle is a terrific package.

We’ve made the jump to DVD, PC-
first. If you think DVD is for you and
your PC, then contact Hi-Val directly
(Hi-Val, Inc., 1300 East Wakeham
Avenue, Santa Ana, CA 92705; Tel:
714-953-3000; Web: http://www.hival.
com) today, visit your local computer
store, or circle 15 on the Free Informa-

tion Card. x|

Get your copy of the
CRYSTAL SET HANDBOOK

Go back to antiquity and build the
radios Ihat your grandfather built.
Build the "Quaker Oats" type rig,
wind coils that work and make it
look like the 1920's! Only $10.95
plus $4.00 for shipping and han-
diing. Claggk Inc., P.O. Box 4099,
Farmingdale, NY 11735, USA
Funds ONLY! USA and Canada—
no foreign orders. Allow 6-8 weeks

for delivery. MAO1
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READERS’ QUESTIONS, EDITORS’ ANSWERS

Who's On Fingt?

u I need a switch arvangement to use in my
church’s Sunday School class. When a
teacher asks a question, the first of the five or
six students who knows the answer will acti-
vate his or ber switch. This will turn on a
light to identify the student and also disable
all the others’ switches. Can you give me any
ideas? — A. N. M, San Antonio, TX

"This kind of circuit is sometimes called
“game-show timer,” and over the
years, several designs have been published
that handle two or three contestants using
relays or flip-flops. With six contestants,
though, the traditional circuit gets rather
complicated, so we decided to start from
scratch and do it a new way.

less of the inputs.

Inidally, pin 11 is high and so are all
the inputs and outputs. When a contes-
tant presses a button, the appropriate
input and the corresponding output go
low. When any output goes low, the
diodes ensure that pin 11 will also go low
and the 74HCS573 will latch. Further
inputs are then ignored until the reset
button is pressed.

The 74HC540 serves as an output
buffer. It inverts the output signals (so
that you get one output high and the rest
low, not the other way around) and keeps
the load, such as LEDs, from affecting
the 74HC573. Figure 2 shows how to
connect LEDs and lamps to the output. If
you need a buzzer to sound when a but-
ton is pressed, add the circuit in Fig. 3.

extremely unlikely, and if it happened,
you'd be justified in calling it a tie,

a

How Autofocusing Is Done

u I was wondering bow the aitto-focus fea-
ture works on modern cameras. Could

you provide the basic theory and maybe an

Wlustrative circuit? — E.L.H., U.S. Armed

Forces, Germany

Certainly. Consider an auto-focusing

video camera first. High frequencies
in the video signal correspond to fine
detail in the image. So in order to focus
the lens, all you have to do is position it
so that the high frequencies in the signal
are as strong as possible. (Its a lot like
aligning an audio-tape head for the best
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FIG. 1—HERE’'S A GAME SHOW TIMER that can be used for up to 8 contestants. The first
switch closure latches IC1, locking out the other switches. If you wish, you can substitute
74HCT chips for the 74HC chips shown here.

Figure 1 shows our solution, which
relies on timing rather than relay logic.
The 74HCS573 is a latching 8-bit buffer;

| pin 11 tells it how to behave. When pin

11 is high (+5V), the input signals are
transmitted unchanged to the outputs;
when pin 11 is low (0V), the outputs are
latched and remain unchanged regard-

Note that this circuit doesn’t actually
contain any logic to keep two buttons
from being actuated at the same time.
Theoretically, two contestants could
press their buttons simultaneously and
turn on both of their lights. But they’d
have to do it within about 20 nanosec-
onds of the exact same instant—which is

treble.) Figure 4 shows a block diagram
of how it’s done: The video signal is fed
to a control circuit, which moves the
focusing motor back and forth until it

finds the maximum.
Autofocus SLRs work the same way,
but the video signal comes from one or
Continued on page 15
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A LOOK AT TOMORROW'S TECHNDOLOGY

type

Intelligent Roads for Driverless Vehicles ------

hile driverless cars gliding
w accident-free down auto-

mated roads remain
years—or more likely decades—away,
test tracks and roads now in use or being
built are making use of technologies and
techniques that might well find their
way into tomorrow’s intelligent roads
and vehicles.

One such test facility is the 1.8 mile
oval WesTrack at the Nevada
Automotive Test Center near Carson
City, NV. A visitor to that track would see
four Navistar tractors pulling triple trail-
er combinations around the track virtual-
ly around the clock. That is part of a
project to test 26 different experimental
asphalt pavement formulations as part of
the Federal Highway Administration
“Accelerated Field Test of Performance-
Related Specifications for Hot-Mix
Asphalt Construction” project. Using
accelerated testing, 10 years and 1.7 mil-
lion total vehicle miles of pavement test-
ing can be accomplished in only two
years. The test speed is 40 mph.

What's different here is that to elimi-
nate the monotony of up to 22 hours-
per-day, 7 days-per-week driving, the
trucks are driverless. The autonomous
tractors are equipped with electronically
controlled Detroit Diesel turbocharged
engines and Twin Disc automatic trans-
missions. Braking is done with Midland-
Grau Anti-Lock Brake System (ABS) on
the tractors and all trailers, plus an elec-

FOR MORE INFORMATION

Chrysler Corporation
CIMS 485-06-48

1000 Chrysler Drive

Auburn Hills, Ml 48326-2766

Nevada Automotive Test Center
PO Box 234

Carson City, NV 89702
www.WesTrack.com

Automotive Test Center).

tronic brake valve for brake control.
Redundant guide-by-wire systems
buried under the asphalt are used to lat-
erally and longitudinally control the
trucks. For added safety, all systems are
connected to uninterruptible power sup-
plies. Each tractor is equipped with guid-
ance antennas mounted to the front
bumper. Those are used to acquire the
guide tones emitted by either primary or
alternate wire paths, which are powered
by audio amplifiers. The antennas, read-
ing either the primary or alternate wire
paths, provide a continuous feedback sig-
nal to the steering controller. Steering is
accomplished by a robust stepper motor
connected directly to a steering gearbox.
Steering commands are based on the
error signal generated from displace-
ments from the center of the wire. The
throttle, engine and transmission are

AW AERIAL VIEW OF WesTrack at the Nevada Automotive Test Center (Nevada

controlled by advanced electronics on
the engine and automatic-transmission
electromnic control unit.

The trucks are controlled and moni-
tored from a control room located
beside the test track. Computers within
the control room start and stop the vehi-
cles, as well as regulate spacing and
speed. Radio-frequency modems on
each truck are used for communications
for traffic and longitudinal control.
Different frequencies are used to distin-
guish between the vehicles that are on
the track at the same time.

As a fail-safe measure, the
Differential Global Positioning System
(DGPS) independently monitors the
truck positon and provides an input to
the traffic control computer. Each vehicle
has two computers shock mounted in the
truck’s sleeper, one for vehicle control and
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Automotive Test Center).

one for monitoring more than 160 para-
meters on the truck’s “health” that would
be normally evaluated by a driver. The
control room operator has one computer
for each truck-—with a display showing
status of the truck in an easy-to-read for-
mat. There are diagnostic programs to
aid in monitoring and correcting critical
control parameters. If a critical parameter
is out of bounds, the vehicle monitoring
computer transmits a shut-down signal to
the control computer.

The bottom line is that the longitu-
dinal location of the trucks can be kept
to within 50 mm (2 in.) of any measure-
ment sensor installed in the pavement.
There is a grid of five longitudinal and
five transverse pavement strain gauges
precisely installed in each of the 26
experimental pavement test sections
located in the track. Automation insures
the wheels hit the pavement at precisely
the right locations.

Chrysler's Automated
Durability Road

The Automated Durability Road at
the Chrysler Proving Ground in
Chelsea, MI is used to test vehicles to
see how well they will hold up under the
very worst road conditions. The 1.3 mile
course replicates rough roads with large
potholes, bumpy railroad crossings, and
cobblestones. The track is so brutal on
vehicles that it only takes about 2,000
miles of driving to equal the effects of

ONE OF THE DRIVERLESS TRUCKS circling the WesTrack “or pavamer t

driving about 100,000 miles on normal
roads.

Chrysle’s test drivers dread this dri-
ving assignment and can only tolerate
about four hours a day on a road where
they hit a head-tossing pothole every
five feet. However, since a robot can
take this kind of punishment all day
long, in all kinds of weather, and will not

THE CHRYSLER AUTOMATED DURABILITY ROAD has a guidance wire embedded in the

testing (Nevada_

be tempted to avoid any of the potholes,
Chrysler engineers have developed a
robotic driver that “sits” in the front seat
of the test vehicles and actually steers,
shifts gears, brakes, and accelerates.
Levers that are attached to the robot act
like feet and hands, pushing on the brake
and accelerator pedals as well as shifting
gears. A motor is connected to the steer-
ing wheel hub via a short driveshaft with
universal joints.

The driverless vehicle is guided using
a guide wire embedded in the track. Two
inductive coil sensors mounted on the
front of the vehicle receive signals from
the wires and relay the information to a
computer placed on the passenger seat.
The closer the coil gets to one or the
other guide wire, the greater the voltage.
For example, when the signal in the
right coil is too strong, it means the
vehicle is drifting too far to the left. The
computer, or vehicle controller, “steers”
the vehicle by balancing the voltages at
the coils so they are equal and the vehi-
cle is thus on course.

Transponders, about the size of a roll
of quarters, are buried in the road at
100-foot intervals. An antenna placed
near the rear license plate keeps track of
the vehicle’s location at all tdmes. The
antenna emits a power burst that is

- »
.

road. Twin inductive coil sensors temporarily mounted on the front of the vehicle measure
pick up frequencies from the wire (Chrysler Corporation).
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received by the transponders. The
transponder sends back a signal to indi-
cate its exact location. If the information
does not match up, all vehicles sharing
the track are immediately stopped. As a
backup safety system, video cameras
constantly monitor the track so the
human traffic controllers in a “flight
tower” can monitor the operation and
stop the vehicles if there is a problem.

The vehicles are radio controlled
using military radio-communications
technology. Spread-spectrum transmis-
sions are used to prevent messages from
becoming scrambled or diverted by elec-
tronic interference, clouds, buildings,
trees, etc., without any delay in response
time. Five radio towers located strategi-
cally around the track relay instructions
from the control tower to the vehicles.
Vehicle speed, engine rpm, shock-
absorber and coolant temperatures, oil
pressure, and the electrical system are all
monitored.

Three cars or vehicles are usually
tested simultaneously, which greatly
complicates the operation. The vehicles
typically travel between 25-30 mph and
have reached top speeds of 45 mph.
Installing and removing the robot, con-
trol unit, antenna and sensors takes less
than four hours so the system can be
used to test many vehicles quite easily.

Besides relieving human drivers from
fatigue and punishment of rough road
durability testing, Chrysler says the
robotic system saves four weeks in the
development of a new vehicle because
testing can be done around the clock in
all kinds of weather. Finally, it improves
the quality and repeatability of the test-
ing by eliminating any driver variation.

Test Tracks Vs. Real Roads

While, as you've seen above, driver-
less vehicles are already being used on
the test track, automated cars traveling
down public highways are still quite far
in the future for a variety of reasons.
Indeed, vehicles may never be complete-
ly robotic. While the techniques and
equipment already being used might be
conceptually similar, operating automat-
ed vehicles on regular highways is a
much greater challenge than ones that
only have to circle a closed track.

For instance, clouds, trees, buildings,
other vehicles, and any number of other
variables make electronic interference a

much more significant problem on high-
ways compared to the highly controlled
environment of the test track. Extremely
reliable and redundant systems are
required to prevent accidents. For exam-
ple, in the Chrysler system, current
technology requires that the vehicles be
spaced at least 200 feet apart, hardly
practical on real roads.

Furthermore, major and expensive
changes to the infrastructure—such as
guidance wiring embedded in the
road—and to individual vehicles would
be required. Chrysler estimates it could
cost as much as $50,000 to equip each
vehicle with robotic equipment with
currently available technology. Finally,
the in-vehicle equipment has to be made
much smaller. For instance, Chrysler’s
robot, computer, and associated hard-
ware occupy both front seats.

That said, the state of the art contin-
ues to evolve. Should driverless cars and
intelligent roads eventually move out of
the realm of science fiction, the tech-
niques being developed today could well
show the way.

Remote-Gontrol
Robot—Planetary
Exploren

hardy traveler, named “Nomad,”
set a new record by traveling far-
ther than any remotely controlled robot
has ever gone over rough territory. The
four-wheeled robot logged more than
133 miles 215 km) across Chile’s
rugged Atacama Desert, a cold, arid
region above 7,000
feet altitude. The
field experiments
this past summer
were designed to
prepare for future
missions to
Antarctica, the
Moon, and Mars.
Scientists from
NASA’s Ames Re-
search Center
(Moftett Field, CA),
and Carnegie
Mellon University’s
Robotics Institute

THE NOMAD remote-controlled robot.

(Pittsburgh, PA) performed experiments
with Nomad for 45 days, from June 15
to July 31. Nomad avoided obstacles on
its own and recognized meteorites
planted in the desert as a test. The
robot, developed at Carnegie Mellon,
validated the use of color stereo video
cameras with human-eye resolution for
geology.

“The Atacama trek is a quantum leap
for the planetary robotics culture, where
the historical standard of travel has been
yards, not miles,” said principal investi-
gator Dr. William L. “Red” Whittaker
of Carnegie Mellon. “Although the
‘straight-line’ distance on a map was
only about 13 miles, Nomad had to
weave through very difficult terrain, and
it made numerous sidetrips for science
and to test the meteorite sensors.”

Nomad is about the size of a small
car. To maneuver through rough terrain,
the robot has four-wheel drive and four-
wheel steering with a chassis that
expands to improve travel and stability
over various terrain conditions. Four
aluminum wheels with cleats provide
traction in soft sand. For this terrestrial
experiment, power was supplied by a
gasoline generator that permitted travel
speeds up to one mile per hour.

“Nomad drove itself through about
12 miles (20 km) of the 133 miles it trav-
eled,” said Dr. Mark Maimone, Nomad
software and navigation leader at
Carnegie Mellon. “Autonomous driving
is critical for planetary exploration
because the communications delay
between Earth and planets can be many
minutes. With autonomous driving, a
robot can explore a much greater dis-
tance because it doesn’t have to wait for
a person to decide a safe route. The

www americanradiohistorv com
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rover is able to see obstacles and recog-
nize them on its own.”

Nomad’s unique onboard panospher-
ic camera, separate from the color video
stereo cameras, returned more than a
million live video-based panoramas of
the robots surroundings from the
Atacama. The camera takes a 360-degree
picture—one trame per second—and did
so throughout the mission. The high-
resolution video camera focuses up into a
hemispheric mirror similar to a store
security camera. The video view includes
all of the ground up to the horizon in the
circle surrounding the Nomad.

“Nomad met or exceeded all of our
objectives for this project,” said Dave
Lavery, telerobotics program manager at
NASA headquarters (Washington, DC).

The total cost of developing Nomad
and conducting the desert trek is $1.6
million. The project is funded by NASA
with in-kind support from corporate
sponsors and educational foundations.
NASA and Carnegie Mellon are formu-
lating plans to look for meteorites in
Antarctica in 1998 and 1999. [EN]

Biology Lab on
A Microchip

u niversity of Michigan (UM) bio-
medical engineering researchers
have developed a technology that may
one day eliminate much of the uncer-
tainty and expense involved in current
medical diagnostic and genetic testing
procedures. With just a small blood
sample, your doctor may be able to scan
your DNA using the UM device to get
immediate answers to questions as seri-
ous as “Will my baby be born healthy?”
or as simple as “Will an antibiotic help
my sore throat?”

Currently, DNA analysis is time-con-
suming, and requires a complete molec-
ular biolagy laboratory, and at least ten
individual procedures performed by
highly skilled technicians. “Our goal is
to automate the process by, in essence,
shrinking the lab to fit on one silicon
microchip,” said David Burke, assistant
professor of human genetics. Cutting
the cost, time, and technical skill
required for DNA analysis also could
lead to wider applications in genetic
studies, self-testing kits, forensics test-

ing, water analysis, agriculture, and biol-
ogy, Burke adds.

In the Proceedings of the National
Academy of Sciences, Burke and his col-
leagues reported initial test results on
five microfabricated components and
their preliminary intégration into a
DNA-analyzing chip just 3-cm (about 1-
inch) long and %-cm wide. According to
Mark Burns, associate professor of
chemical engineering, the device relies
on a thermocapillary pump to mix drops
of pure DNA with an enzyme solution
and drive the DNA through five differ-
ent components on the microchip.

Because the device is fabricated with
conventional techniques, it should be
inexpensive and easy to produce in large
quantities. However, significant techni-
cal problems still have to be solved
regarding handling such small amounts
of liquids, and the interactions between
liquids and materials in the chip. [

Low-Visihility
Airport Operations

t Hartsfield-Atlanta International

Airport, NASA recently demon-
strated an aircraft technology to keep
commercial aircraft moving safely on
runways and taxiways, regardless of visi-
bility. A total of 53 flight tests were per-
formed for airline and industry
executives, and officials of the FAA and
other government agencies.

> Rohoshop

The first fully-automated conve-
nience store, Robot Shop Super
24, opened in Tokyo this past
spring. The store has 85 square
meters of selling space, and
offers 2,500 items, but there's
nary a clerk in sight—robots
deliver the items you select.
Shelf space is rented by the
month to companies who want
their products on display. And
it’s the distributor or manufac-
turer, not the store, that sets the
prices. (BY CHARLES WHIPPLE,
COURTESY LOOK JAPAN,
AUGUST 1997.)

The technology is actually many
technologies rolled into one system, on
the ground and in the aircraft. Onboard
NASAs Boeing 757 research aircraft,
were two integrated subsystems: The
Roll-Out Turn-Off Guidance subsystem
was developed at NASAs Langley
Research Center (Hampton, VA) and
the Taxiway Navigation & Situation
Awareness (T-NASA) display subsystem
was developed by NASAs Ames
Research Center, (Moffett Field, CA).
The airborne systems and displays aid
the pilot in touchdown, on the runway,
in exiting the runway on to the taxiway,
and during taxiing.

As the B757 approaches the airport,
computer-generated graphics outline
the correct runway and its precise loca-
tion on a glass visor mounted between
the pilot and the cockpit windshield.
Once on the ground, the plane’s posi-
tion, as well as the position of other air-
craft, is shown on an electronic moving
map of the airport on the instrument
panel. Using Global Positioning System
and an airport layout database, displays
are updated in real-time.

The glass visor, or heads-up display,
shows the edges of the runway and taxi-
way with a series of computer-generated
“cones.” During taxiing, a turn is indicat-
ed by virtual cones and signs showing the
angle and direction of the turn. As the
pilot taxis down the runway, the cones
and signs move and change. The pilot’s
cleared route looks like a virtual highway
on the ground.

On the ground is a system of surveil-
lance sensors and other equipment
developed by the FAA. This system pro-
vides traffic positions to the aircraft via a
computer datalink. A controller inter-
face allows air traffic controllers to
transmit instructions to the pilot by
computer in parallel with normal voice
communications, decreasing the chance
for miscommunication. This computer
link automatically reports if the 757
deviates from its approved path. A com-
bined ground and airborne system can
reduce the growing number of ground
accidents and close calls.

The research is part of NASA%
Terminal Area Productivity Program, led
by the Ames Research Center. The pro-
gram is expected to substantally increase
aviation system capacity and safety in all
weather conditions. ‘
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QO&A

continued from page 8

more linear CCD arrays that are in the
light path only during focusing. Their
performance is often enhanced by
microlens arrays or other optical devices
to exaggerate the difference between
correct and incorrect focus.

“Point-and-shoot” cameras often use
rangefinder autofocusing; that is, they
view the same object from two different
positions and measure the angular differ-
ence between the two views. Again, an
electronic circuit operates the rangefind-
er and detects when the two iinages coin-
cide. A block diagram of the system is
shown in Fig. 5.

+4.5 TO 20V
LAMP
Qt
IRF510
TOIC2 i
Rt
220
TO IC2
LED

FIG. 2—-THE OUTPUTS OF IC2 in Fig. 1
can be used to drive LEDs or lamps using
the circuits shown here.

Several other methods of autofocus-
ing have been tried over the years,
including Polaroid’s sonar system, which
sends out an ultrasonic pulse and mea-
sures the time taken for it to echo back.

On slide projectors, “autofocus”
means something quite different—all it
means is that the projector focuses all
slides alike, compensating for differ-
ences in the frames in which they are
mounted. That is done by retlecting an
infrared light beam oft the surface of the
slide and using two photocells to derect
whether it is in the correct position.

Two good reference books on autefo-
cusing are Sidney E. Ray, Applied Photo-
graphic Optics (Focal Press, 1994), and
Norman Goldberg, Camera Technofogy
(Acadernic Press, 1992).

HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
http://awww.gernsback.com for information
and files relating to our magazines (Elec-
tronics Now and Popular Electronics) and
links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci.elec-
tronics.repair, sci.electronics.components,
sci.electronics.design, and rec.radio.ama-
teur.homebrew. “For sale” messages are
permitted only in rec.radio.swap and
misc.industry.electronics.marketplace.

Many electronic component manufac-
turers have Web pages; see the directory at
http://Awww.hitex.com/chipdir/, or try address-
es such as http://www.ti.com and http://www.
motorola.com (substituting any company's
name or abbreviation as appropriate). Many
IC data sheets can be viewed online.

Books: Several good introductory electron-
ics books are available at RadioShack,
including one on building power supplies.

An excellent general electronics textbook
is The Art of Electronics, by Paul Horowitz
and Winfield Hill, available from the publish-
er (Cambridge University Press, 1-800-872-
7423) or on special order through any book-
store. Its 1125 pages are full of information
on how to build working circuits, with a mini-
mum of mathematics.

Also indispensable is The ARRL Hand-
book for Radio Amateurs, comprising 1000
pages of theory, radio circuits, and ready-to-
build projects, available from the American
Radio Relay League, Newington, CT 06111,
and from ham-radio equipment dealers.

Copies of past articles: Copies of past
articles in Electronics Now and Popular
Electronics (post 1992 only) are available
from our Claggk, Inc., Reprint Department,
P.O Box 4099, Farmingdale, NY 11735; Tel:
516-293-3751.

Electronics Now and many other maga-
zines are indexed in the Reader’s Guide to

Sewing-Machine
Controller Found

Spurred by reader A. R. Baker, who
prodded us to look again at SCR and
Triac speed controls, we've found the
sewing-machine  controller  circuit
requested by W. B. in our August issue.
Here it is in Fig. 6. This is a true con-
stant-speed controller because it uses
feedback; as the motor slows down under
load, the circuit responds to the

Periodical Literature, available at your public
library. Copies of articles in other magazines
can be obtained through your public library's
interlibrary loan service; expect to pay about
30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214 (1-800-428-
7267). The free Sams catalog also lists
addresses of manufacturers and parts deal-
ers. Even if an item isn't listed in the catalog,
it pays to call Sams; they may have a sche-
matic on file which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuals, PO Box 802, Council Bluffs, 1A
51502, and Manuals Plus, PO Box 548
Tooele, UT 84074.

Replacement semiconductors: Replace-
ment transistors, ICs, and other semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (SK). are available through
most parts dealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory (supplied as a large book and on
diskette) tells you which one to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “2S" in a Japanese
type number is usually omitted; a transistor
marked D945 is actually a 25D945.

Hamfests (swap meets) and local orga-
nizations: These can be located by writing
to the American Radio Relay League
(Newington, CT 06111; http://www.arrl.org).
A hamfest is an excellent place to pick up
used test equipment, older parts, and other
items at bargain prices, as well as to meet
your fellow electronics enthusiasts—both
amateur and professional.

increased current flow by raising the
voltage. However, the motor never gets
more than half the incoming AC voltage;
with a sewing machine this is presumably
not a problem, since you don’t run it at
full speed anyhow.

This circuit appears in John Markus’
Electronic Circuits Manual (McGraw-
Hill, 1971), which credits it to a General
Electric application note. Building it
today, you can use RadioShack 276-1114
diodes and a RadioShack 276-1020
SCR. Be sure to use this circuit only
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+5V

R1
100K

TOIC1
PIN 11

V+ (SUITABLE
FOR BUZZER,
UP TO 20v)

BUZZER

Q2
IRF510

FIG. 3—THIS BUZZER CIRCUIT SOUNDS for one second when IC1 (in Fig. 1) latches.
Diode D1 is included for fast recycling, but is optional.
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FIG. 4—IN A VIDEO CAMERA, the autofo-
cus system positions the lens to maximize
the high frequencies, which correspond to
the fine details in an image.
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FIG. 5—A RANGEFINDER AUTOFOCUS
SYSTEM measures distance by measuring
the angle between two mirrors or prisms
when they have been adjusted so that the
images from both coincide.

with universal motors, not AC induction
motors.

Wide-Range
Cordless Phone?

u 1 bear that there is a cordless phone that
runs on ordinary phone lines and has a
range of 30 km (18 miles) or more. Can you
supply any information? — 1. A., Dasma,
Kuwait

It’s probably not feasible, and here’s

why. A cordless phone is a radio trans-
mitter, and it emits radio waves in all
directions. So does its base. Do you real-
ly want your phone conversations to be
vulnerable to interception, accidental or
deliberate, by everyone within 30 km of
you? In any case, a powerful radio trans-
mitter would be required, and since each
user would blanket a 60-km circle, there
would only be enough frequencies avail-
able for a few people in each region.

What you probably need is a cellular

120V

C106B

AC 1

R3

D2 1K 1/2W
A14B c2
(2.5A 0.14F 50V
1Kv)

MOTOR
(1.5 AMPS
MAX.)

FIG. 6—THIS SEWING-MACHINE SPEED CONTROL circuit is based on one originally
published in a General Electric application note in 1969.
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or satellite phone that communicates
with the telephone company’s master
antenna (on earth or in space) rather
than with a base unit in vour home. The
range of a cellular phone is only a few
miles, but the system automatically
transfers you trom one “cell” to another
as you move around. Satellite phones
work much the same way but use satel-
lites in space rather than towers on the
ground.

Telequipment Scope

u Lam trying to find the operator or service
manual for an old oscilloscope I have. The
scope was made in England in 1969 by
Telequipment. The model is Type D53A.

I have alveady contacted Howard W.
Sams, Hi Manuals, and Manuals Plus with-
out any luck. Can you help? — Ron Shaw,
403 S. Jefferson, Carterville, MO 64835

We're publishing your name and

address in the hope that a reader can
help. Our understanding is that Tel-
equipment was bought out by Tektronix,
but Tektronix does not normally supply
manuals that old. Given the scope’s Eng-
lish origin, you might also try the Radio
Society of Great Britain, Cranborne
Road, Potters Bar, Hertfordshire EN6
3JE, England, bttp://www.rsgh.org. They
are the British counterpart of the ARRL.

Writing to O&A

As always, we welcome your ques-
tons. Write to Q&A, Electronics Now
Magazine, 500 Bi-County Blvd., Farm-
ingdale, NY 11735. The most interesting
ones are answered in print. Please be sure
to include plenty of background informa-
tion (we’ll shorten your letter for publica-
tion). If you are asking about a circutt, please
imnclude a complete diagram. Due to the vol-
ume of mail, we regret that we cannot
give personal replies. [En |

To learn how to talk with your kids
about tough issues, like sex,
AIDS/HIV and violence, call

1-800-CHILD-44

and get your free guidebook.
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JAMECO -

Leading=oG= Fortiva 3000

Slim Desktop Computer
* 486DX2-66
motherboard % A
« |DE controlier - |
*One 5.25°, § :
half height B i
accessible bay w,)__ 4
* 4MB RAM, /mf
expandable et T
10 48MB AT
*1.44M8B T
floppy disk drive

« 8KB internal cache

« SVGA on-board monitor port

« Two serial ports (16450) and one
parallel port

« Vertical riser with 3 1SA 8 or 16-bit
expansion siots

*101-key keyboard e+ Welght: 23.4 Ibs.

Part No. Product No. Price

140468 4850X2-66 dskip comp. ETTE §199.95

Jameco Electronic

Component Cabinet Kits
Kits include the most [
popular components | g
with extra space for |
your customized |
expansion. Each kit
includes a 20 drawer P o
component cabinet.

More kils available - call for details!

Part No. Description Price

84953 330 pc. 7400 series IC kit.....$152.95
84961 420 pc. 74LS series IC kit......119.95
84970 300 pc. CD4000 series IC kit ....84.95
84988 385 pc. Linear series IC kit.....159.95
108329 540 pc. 1/8 watt Resistor kit.....29.95
81832 540 pc. 1/4 watt Resistor kit.....28.95
107879 540 pc. 1/2 watt Resistor kit....31.95
108433 2200 pe. Electr. Hardware kit....39.95

—

81867 110 pc. Radial Capacitor kit......34.95
81859 320 pc. Ceramic Capacitor kit...29.95
81883 160 pc. Mylar Capacitor kit......34.95
81841 129 pc. Tantatum Capac. kit .....49.95
82587 270 pc. Diode kit ...... s

82595 180 pc. Transistor kit...

P44L.4X A Basic Stamps

127693

130892

Basic Stamps are small computers using a
variation of Basic, cailed PBASIC to control
execution of many applications. The BS1-I1C
has 8 1/Q lines, while the BS2-IC has 16 1/0
lines which can be connected directly to
buttons, LEDs, registers, and many other

TTL level devices. * One-year warranty

Part No. Description Price
127693 Basic stamp BS1-1C ........... $34.95
130892 Basic stamp BS2-1C ... 49,95

METEX" 3'/,-Digit Digital
Multimeter
* 312-digit LCD
(5" high digits)
« AC voltage: 200mV, 2V,
20\, 200V, 700V #
« DC voltage: 200mV, 2V,  cmeffins_
20V, 200V,1000v ‘~>‘ﬁ‘%
* AC & DC current: 20pA, =
20CuA, 2mA, 20mA,
20CmA, 2A, 20A
* Resistance: 20042, 2K<,
20kQ, 200K<2, 2M<2,
20MQ « input impedance: 10MQ
« Autp zeroing  One-year warranty
Part Mo. Product No. 14 59
27115 M3800 $39.95 $35.95

EDWin NC (CAD/CAE) Software

The first truly seamlessly
integrated suite of software
running in aft Windows
formats...simulation,
schematics, and PCB design. -
Part bo. Description 1-4 5-9
141680 EDWin NC.......... $149.95 $134.95

Jameco 66 Piece Tool K|t
A comprehensive set
of toals for field
technicians, engineers ‘
and lab personnel.
Aluminum case #
features removable é
pallets, surface-type .)l
locks, a black plastic
handle, side buckles and strap.
«Size: 18.0°L x 14.0Wx 6.0°H «Wt: 18.2 Ibs.
Part No. Description Price

105646 66 piece tool kit _ [T $149.95

Jameco 54 Watt Switching
Power Supply
« Input: 110/220VAC f
@ 47/63Hz
« Qutout:
+5%DC @5.0A, v
+12V0C @ 1.0A,
- 5¥DC @ 1.0A, -12vDC @1.0A
« Overcurrent protection: 110-130%
autematic current limiting
« Minimum load: alt outputs at 10%
of rated load ¢ Data sheet included

£ |+ Size: 6.3L x 3.9°W x 1.5'H

« Weight: 1.2 1bs. « One-year warranty

Part No. Prodact No. 1-9  10-24
17056 FCS604A ... $44.95 $39.95

Jameco ABS cases w/ Clear Top
Case is made o

of a gray ABS
plastic body
with a clear
polycarbonate s
top cover. #t comes with screws of mountmg
boards or electronic part/component, rubber
gasket for a tight seal on your equipment,
drilled holes for mounting and enclosure.
Part Mo. Size (Lx W xD) 1-¢ 10-48  50-99

Muscle Wires Project Book
Get the facts behind the
unusual properties of
Muscle Wires. These
unigue nickel-titanium
alloy Muscle Wires actually
shorten in length when
electrically powered, and
can lift thousands of times their weight.

Part No. Descrlption 1-4 5.9
141330 Muscle Wires Proj. Bk...$19.95 §17.95

Muscle Wires Book & Deluxe Kit

+ includes Flexinol, crimps and instructions
Part No. Description 14 59
141348 Muscle Wires deluxe kit. $59.95 $53.95

141823 23 x2.2°x 1.2 $3.95 $3.49 $2.95
141831 46'x3.2'x18' . 6.95 625 5.59
141840 6.3'x3.2'x18 ..7.95 7.15 6.49
141858 7.0'x5.5'x25 .11.95 10.95 9.95

JAMECO

ELECTRONIC COMPONENTS
“COMPUTER PRODUCTS
© 1897 Jameco 12/97

Order Toll Free 24-Hours E-mail: info@jameco.com
7-Days a Week!

1355 Shoreway Road

Belmont, CA 94002-4100
FAX: 1080092376948 (Domestic)
FAX: 415059292503 (International) -

http'//www.iameco.com

Call 1.800-831- 4242 day or night!

~ Your One Stop component & computer Source |

Digital Hand-held
5MHz Oscilloscope

This compact scope is

perfect for the technician

on-the-go or for students

and lab technicians as well!

The display is high contrast

LCD with wide angie for

visibility, and all functions are

done from easy to use keypad.

*Size: 9.0L x49Wx 1.5'H

*Weight: 2.4 Ibs. « One-year warranty

eclal Prices o,
clromcs Now

Reag ers P
Mentign y; 'ease

Hyper Peppy
Robot Kit

= Changes course when
it comes in contact
with an object or hears
aloud sound

Part No. Description

140863 Robot kit..............
Making Your Own
Printed Circuit
Board Book

Part No. Description Price | pesign and create your own
135941 5MHz oscilloscp. .. $269.95 | printed circuit board inexpen-

sively and reliably. (37 pages)
ngh lummous Intensny * Size: 8.5 x 11" * Weight: .05 Ibs.
White LEDs &% { Part No. Description 1-4 59
Part No. Size 19 1099 100 1000 | 141524 Making PCBs Book$14.95 $13.49
142885 T1...84.95 $4.49 $3.95 $3.49| (fehotics 14.4 kbps Data/

495 449 3.9 3.49
IC Function

Tester/Emulator
« Any DIP type IC up -
to 40-pins can be assipm ?

inserted into the
N
1
i

universal TEST
TOOL socket for
wa @

142893 T1%/,..

function emulation |
* A 360 tie point |
solderless bread- |
board provides free
wiring space for any |
additional clrcuits
'Snze 10.0°L x6.5W x 1.5°H
* Weight: 1.5 Ibs « One-year warranty
Part No. p

Price

Hyundai Full Page Momtor

Fax Internal Modem

« Supports 14.4 down
to 300 bps of data

+ Compatible with
ITU-T standard

« System require- ©
ments: 486 or Pentium®, Windows®
3.xx to Win® 95, 4MB RAM, 2MB hard
disk space ¢ One-year warranty

special

Part No. Description Price
139871 14.4 int, modem ... ISLLEl $34.93
124476 28.8 int. modem .. m 59,95
137998 14.4 int. modem (w/vonce)

...44.95

141292 28.8 ext. modem ...
136864 33.6 int. modem (SAVD).
145015 33.6 int. modem........
136872 33.6 ext. modem (SAVD)
145023 K56 Flex int. modem ... :
145031 K56 Flex ext. modem.................

« PC/XT/AT and
compatibles Jameco Solderless g
. gﬁ;ngggra't- Breadboards
. « Low static plastic 20773
o body - CMOS safe
« Works with any « Nickel plated clips designed
IBM-compatibie to withstand up to 5,000 insertion cycles
VGA system — no - Part Contact Size Pricing
special video - Number Points Lxw 1-9  10-49
contraller needed 94457 100 65x04 ... s2 49 $2.25
*Size: 11.7Wx 150D x 13.9°H aloun, 200 8oz L
« Weight 26.0 1bs. 136901 1600 55x23 19.95
pariNo. Descrintio Price 20669 630 65x14 4.95
LTULEE " == 20722 830 65x21 6.95
127909 Full page monochrome $59.95 20757 1,360 65x3.1 10.95
Computer-TV 20773 1660 65x43 15.95
p 9 20790 2390 69x58 20.49
Egnvel’tef 20811 3220 73x75.. 21.95
* For PC/Macintosh ’
Parl No. Description Price eSOLTEK cord'ess Phone "VAT&T
126800 Averkey3...... $249.95 | * Two channel T o
Front Flip Down Plastuc Case gl i
* Tone/pulse &3
+ Drawers open and g dialing g
télose 5|rlnultsneously + Redial, speed o
+ Case color: black; dialand mute |
drawer color: red buttons | AT&T Model 5200

*Size: 13.5°L x
3.8Wx143H |

* Weight: 2.8 Ibs.

Parl No. Description

14 100+

10-98

« Factory reconditioned ¢ UL approved

« Operating range 100 yards

* Weight: 1.3 Ibs. * 90-day warranty

Part No. Description Price

$19.95 $17.95 §15.95

142990 Flip Down Case ...
Call for your FREE catalag!

Mention
V.1.P.# DR7

= =]

-

133743 Cordless phone.... 34.95 |
internal CD- ROM Drives

«5.25" half-height
design
« Include software
« Include audio cable -
* One-year warranty : 133031

Part fio. Mfg. Speed_Interface/Type Price
131342 NEC  4X EDE ... $59.95
133031 Phiips  6X  ATAEIDE MM 69.95
140679 [BM  6X ATAEIDE £9.95
134244 Mitsumi 8X 89.

141233 BCD 16X ATAVEIDE.... .99.95
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BY SAM GOLDWASSER

On-Line Tech Tips, Tools, and
Test Gear for the Troubleshooter

I AST TIME WE INTRODUCED YOU TO THE BASICS OF TROU-

BLESHOOTING JUST ABOUT ANYTHING ELECTRONIC. THIS

TIME, WE'RE GOING TO PICK UP RIGHT WHERE WE LEFT OFF AND

TAKE A CLOSE LOOK AT ON-LINE TECH-TIP DATABASES, AND THEN

go on to look at the kinds of tools you
really ought to have. But first, we need to
deal with some old business.

It has come to our attention that due
to production problems, several errors
crept into the September, 1997 install-
ment of Service Clinic. In Fig. 2, which
also re-ran as Fig. 1 in October, the
black and green wires on the AC plug
are shown reversed; the green wire, of
course, should go to the chassis ground,
Also in that figure, the ground on the
Magnatron should be to the chassis, and
a dot is missing at the intersection
between the anode of the HV diode and
FA. Finally, in the middle of page 25, the
value of the capacitor is given in °F; it

i should of course be in WF. We are sorry
for any inconvenience that might have

| been caused by these errors and have
taken steps to help prevent similar ones
from cropping up in the future. Now
that that’s out of the way, let’s move on
to this month’s topics.

Tech-Tips Databases
A number of organizations have
compiled databases covering thousands
I of common problems with VCRs, TVs,
computer monitors, and other electron-
ic equipment. Most charge for their
information but a few, accessible via the
Internet, are either free or have a very
minimal monthly or per-case fee. In
other cases, a limited but still useful
subset of the for-fee database is freely
available.

F1 T

H o™ 13 115V
51
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FRIMARY
SECONDARY
p—c1 RETURN
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47 MEG S EH‘DUN!:'
AV
| G
i R Sl

TIED TGGETHER AT
SERVICE PAMNEL
FIG. 1—HERE'S THE SCHEMATIC FOR A
TYPICAL ISOLATION TRANSFORMER. It
protects you against shock hazards when
working on “hot chassis” equipment.

A tech-tips database is a collection of
problems and solutions accumulated by
the organization providing the informa-
tion or other sources based on actual
repair experiences and case histories.
Since identical failures often occur at
some point in a large percentage of a
given model or product line, checking
out a tech-tips database might quickly
identify your problem and solution.

By using a tech-tips database, you can
often simplify your troubleshooting or at
least confirm a diagnosis before ordering
parts. My only reservation with respect
to tech-tips databases in general—and
this has nothing to do with any one in
particular—is that symptoms can some-
times be deceiving. A solution that works

in one instance may not apply to your
specific problem. Therefore, an under-
standing of the hows and whys of the
equipment along with some good old-
fashioned testing is highly desirable to
minimize the risk of replacing parts that
turn out not to be bad. In simpler words,
use these databases as an assistant, not as
a replacement for logical troubleshoot-
ing techniques.

Another disadvantage to the databas-
es is that you do not learn much by just
following a procedure developed by oth-
ers. There is no explanation of how the
original diagnosis was determined, or
what might have caused the failure in the
first place. Nor is there likely to be any
list of other components that might have
been over-stressed by the original prob-
lem, and that might fail in the future
because of it. Knowing that you need to
replace “Q701” and “C725” to get this
specific piece of gear going again in this
specific instance is fine for now, but that
“knowledge” won’t help you to repair a
different model or a different problem in
the future.

One alternative to tech-tips databases
is to search at http://www.dejanews.com/
or the sci.electronics.repair Usenet news
group for postings with keywords match-
ing your model and problem. Having said
that, here are three tech-tip sites for com-
puter monitors, TVs, and VCRs:

*http://www.anatekcorp.com/techfo-
rum.hon (Free)

*http://www.electronix.com/elex-
corp/techsweb.hun! ($8/month)

*http://elmswood.guernsey.net/
(Free, currently very limited)

The following source is just for
monitors. Some portions are free but
others require a $5 charge; however, that
charge could get you a personal reply
from a technician experienced with your

www americarradiohistorv. com
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monitor, so it could be well worth it
shttp://www.netis.com/members/
beoltins/monitor.htm
Some free monitor repair tips are
also available at:
*http://www.kmrtech.com/
Tech-tips of the month and “ask a
wizard” options are available at:
ehttp://members.tripod.com/~ADC
C/ — (Home page)
shttp://members.tripod.com/~ADC
C/tips.htm — (Tech-tips of the month)
The following is specifically for
microwave ovens. In addition to a large
database of specific repairs, there is a
great deal of useful information and
links to other sites:
shttp://www.yup.com/microtech/

Hand Tools

Invest in good tools. If you are into
garage sales, vou can often pick up excel-
lent, well-maintained tools very inex-
pensively, but be selective—there’s a lot
of junk out there. In the end, substan-
dard tools will slow you down and prove
extremely frustrating to use. Keep your
tools healthy—learn to use a whetstone
or grinding wheel where appropriate
(screwdrivers, drill bits, etc.) and put a
light film of oil (e.g., WD40) on steel
tools to prevent rust.

Some of the basic hand tools you will
need to accumulate include:

sStandard screwdrivers of all types
and sizes including straight, Philips, Torx.
You'll also need a notched straight blade

— 0100V
0121V
T NG r T2
g 6.3V
H o—0" NC 0 115V
st
6.3V
O NG
115V 115V
350V 350V
Mg et O RETURN
NC NC
R €
2 MEG & Hotid Sy
PRI | SEC SEC | Pri
Go -0 GROUND

FIG. 2—YOU CAN BUILD YOUR OWN ISOLATION TRANSFORMER using back-to-back
power transformers salvaged from old tube-type TV receivers.

1
H o </° o AN ~ T
St 2 TAP 1: 0 TO 115 VAC
2 TAP 2: 0 TO 140 VAC
LED1
2?3;2 POWER
A"V‘V >Il ‘;{ ’
D1 Na
N Y
o - O RETURN
TIED TOGETHER AT
SERVICE PANEL | G
O~ = O GROUND
F
% ADJUSTABLE
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FIG. 3—THE INTERNAL WIRING OF A TYPICAL VARIAC is shown here. A VARIAC lets
you vary the AC line voltage that is input to a piece of equipment, something that is a very

helpful asset when troubleshooting.
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for VCR mechanical tracking adjust-
ment—you can make one out of a stan-
dard screwdriver or buy one.

eJewelers’ screwdrivers—both straight
and Philips. These are generally inexpen-
sive but qualiy usually varies in direct
proportion to the price.

*Small socket driver set.

eSecurity bits for some video games,
PS2s, etc.

eHex key wrenches or hex drivers.
You'll need miniature metric sizes for
VCRs.

e Plicrs—long nose, round nose,
curved. Both smooth and serrated types
are usetul.

eAdjustable wrench (small).

¢Cutters—diagonal and tlush.

¢ Linesman’s pliers.

*Vire strippers—tixed and adjustable.

*Crimp tool.

» Alignment tools—at least a standard
RCA type for coils.

eFiles—small set of assorted types
including flat, round, square, and tri-

angular.

*Dental picks—useful for poking and
prodding in restricted arcas (but you
knew that).

¢l.ocking clamps and or hemo-
stats—for securing small parts while
soldering, etc.

*Magnetic pickup tool—you
never tell when you will drop something
deep inside a VCR. If you keep a strong
magnet stuck to your workbench, you
can use it to magnetize most steel tools
such as screwdrivers. Just keep anything
magnetized away from the tape path and
magnetic heads (and magnetic media!).

efland drill, electric drill, drill
press—one or all. A small bench-top drill
press (about 8 inches) is invaluable for
many tasks. A good set of high-speed bits
(avoid the 1000 bits for $9.95 variety).
Also, miniature bits for PCB and small
plastic repairs are likely to be needed.

*Soldering and de-soldering equip-
ment. You don’t need a fancy rework sta-
tion; a 25-watt iron and hand de-solder-
ing pump will be adequate for most tasks.

can

Basic Test Equipment

Obviously, vou can load up on exotic
test equipment, but it is far from required.
What’s listed here are those instruments
that are most used. You mightat first not
consider all of what follows to fit the cat-
egory of test equipment, but an old TV,
for example, can often provide as much
or more useful information about a video
signal than a fancy waveform analyzer:
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*DMM and/or VOM—I prefer to
have both. A good old Simpson 260 ana-
log meter is better in many ways than a
cheap digital muldmeter. For most mea-
surements, I still use a 25-year-old
Lafayette (remember them?) VOM. 1
only go for the DMM when I need to
measure really low resistances or where
better accuracy is needed (though that
can be deceptive). Just because a DMM
has 31/, digits does not mean it is that
accurate. Check the manual, it may
prove enlightening. The Simpson 260
also has a nice 5000-volt AC/DC scale
that many newer digital instruments lack.

Scales for transistors, capacitors, a fre-
quency counter, etc. are not really essen-
tial. A diode-test function on a DMM is
needed, however, to properly bias semi-
conductor junctions. However, even that
is not useful for in-circuit tests or for
some power transistors or transistors
with built-in damper diodes and/or base
resistors.

Make sure you have a good well-insu-
lated set of test probes. This is for your
own safety as you may be measuring rel-
atively high voltages. Periodically inspect
those for damage and repair or replace as
needed. If the probes that came with
your multimeter are substandard—flim-
sy connectors or very thin insulation—
replace them as well.

A high-impedance high-voltage probe
is sometimes useful for TVs and moni-
tors. You can build one that will suffice
for most consumer-electronics work.

*AC clamp-on ammeter—This tool
permits the measurement of currents in
appliances or electrical wiring without
having to cut any wires. At most, you will
need an easily constructed adapter to
permit access to a single conductor of a
line cord. Some multimeters offer this as
an option.

*Oscilloscope—You’ll need a dual
trace, 10- to 20-MHz minimum vertical
bandwidth unit; also one with delayed
sweep is desirable, but not essential.
Make sure you obtain a good set of prop-
er 10x/1X probes. High vertical band-
width is desirable but most consumer
electronics work can be done with a 10-
MHz scope. If you get into digital debug-
ging, that is another story—bandwidths
of 100 MHz and up will be required. If
money is no object, buy a good digital
storage scope. You can even get relatively
inexpensive scope cards for PCs, but
unless you are into PC-controlled instru-
mentation, a stand-alone scope is much
more useful.

If money is a concern (or perhaps even
if it isn’t) consider one of the old “war
horses” you often see on the surplus/used
market. You will usually get more scope
for your money and these things last
almost forever. My “good” scope is the
militarized version (AN/USM-281A) of
the Hewlett-Packard 180 lab scope. It has
a dual-channel 50-MHz vertical plug-in
and a delayed-sweep horizontal plug-in. I
have seen these going for under $300
from surplus outfits. Other types of plug-
ins are available as well. For a little more
money ($400-$700 on the surplus/used
market), you can get a Tektronix 465 100-
MHz scope that will handle all but the
most demanding tasks.

You don't absolutely need an oscillo-
scope when you are just starting out in
electronics, but it would help a great deal.
It need not be a fancy one at first, espe-
cially if you are not sure if electronics is
for you. However, being able to see what
is going on can make all the difference in
your early understanding of much of
what is being discussed in the textbooks
and the newsgroups. You can probably
find something used that will get you
through a couple of years for less than
$100. An oldie but goodie is much better
than nothing at all even if it isn’t a dual
channel or high-bandwidth model.

*Logic probe—These are used for
quick checks of digital circuitry for activ-
ity. A logic pulser can be used to force a
momentary 1 or 0. Some people swear by
these. I consider them of marginal value
at best.

*TV set and/or video monitor—One
of these, and preferably a color unit, is
needed for testing video equipment like
VCRs, camcorders, laserdisc players, etc.
I have an old CGA monitor that includes
an NTSC input as well on my bench. A
great deal of information can be gathered
more quickly by examining the picture on
a TV or monitor than can be learned by
examining the video waveform on a
scope.

*VCR or other video-signal source—
You'll need this for testing video moni-
tors and T'Vs. Look for one with both RF
and baseband outputs.

*Stereo tuner or other audio-signal
source—This one is, obviously enough,
for testing audio equipment.

*Audio signal generator—A function
generator (sine, square, triangle) is nice as
well. The usual audio generator will out-
put from a few Hz to about 1 MHz.

*Audio amplifier—The input should
be selectible between line level and mic
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level, and be brought out through a
shielded-cable to a test probe and ground
clip. This is useful for tracing an audio
circuit to determine where a signal is get-
ting lost. The amplifier’s output should
be connected to a loudspeaker

*Signal injector—A readily accessible
portable source of a test tone or other
signal (depending on application) that
can be introduced into the intermediate
or early stages of a multistage electronic
system. For audio, a simple transistor or
555 timer based battery-powered oscil-
lator can be built into a hand-held probe.
Similar devices can be built for RF or
video testing.

*RF signal generator—This is need-
ed for serious debugging of radio and
tuner front-ends. These generators can
get quite sophisticated (and expensive)
with various modulation/sweep func-
tions. For most work, such extravagance
is unnecessary.

*LCR meter—While a capacitor
tester is desirable, I prefer to substitute a
known good capacitor rather than trust-
ing a meter that will not test under the
same conditions as exist in-circuit.

*Adjustable power supplies—At least
one of these should be a totally inde-
structible type—one you can accidental-
ly short out without fear of damage.
Mine is a simple 1 amp 0-40-volt trans-
former and rectifier/filter capacitor affair
with a little Variac for adjustment.

If you would like to try building your
own test gear, Test Equipment Projects You
Can Build, by Delton T. Horn, published
by Tab Books, a division of McGraw-
Hill, Inc., 1992 has a number of simple
projects you can try.

Transformers

Isolation transformers are essential to
safely work on many types of equipment
with exposed AC line connections or that
have a live (hot) chassis. Variable trans-
formers provide a convenient way to
control the input voltage to equipment
to determine whether a fault still exists or
to evaluate performance at low or high
line voltage.

Make it a habit to use an isolation
transformer to power the equipment
you are troubleshooting whenever possi-
ble. Portions of TVs, monitors, switch-
mode power supplies, and many other
types of equipment are frequenty fed
from a direct connection to the AC line
without a power transformer (which'
would provide the isolation function).
The DC power rails will typically be

|
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between 150 and 300 volts and can
deliver momentary current of potential-
ly lethal multiple amps!

Since earth ground and the power
line neutral are connected together at
your service panel (fuse or circuit-break-
er box), grounds like cold water pipes,
test equipment chassis, and even a damp
concrete floor make suitable returns for
the line voltage (hot or live wire). Since
this is equally true whether the conduc-
tor is a wire or your body, such a situa-
tion is very dangerous. An isolation
transformer as its name implies provides
a barrier that protects against accidental
contact with an earth ground. With the
transformer in place, such contact results
in negligible current flow (mainly due to
the parasitic capacitance of the trans-
former)—a slight tingle at worst. That
also protects your test equipment as well
as the device you are troubleshooting,
since without an isolation transformer, a
similar accidental contact could resultin a
short circuit, sparks, destroyed parts, etc.

Figure 1 shows the schematic of a
typical isolation transformer. Note that
the ground is included on the secondary
side. That is actually needed for safety
with certain types of equipment like
microwave ovens where the HV return
is to the chassis. Most other consumer
gear will only have a 2-wire cord and do
not use the ground.

Even though the power line nentral
and ground wires are tied together at the
main service panel (fuse or circuit-
breaker box), the transformer prevents
any significant current flow between any
of its outputs and earth ground should a
fault occur. The resistor in Fig. 1 per-
mits any static charge to leak off to
ground. Since it is quite large—several
megohms—no perceptible current flows
between the secondary and primary
sides, but that value is still low enough to
dissipate any static charge. CAUTION:
The resistor must be a high-voltage
rated type (as in 4200 volts, isolation,
large-size, light-blue color) to assure
that arc over will not result due to volt-
age differences that may be present
when the isolation transformer is being
used in its normal manner.

Isolation transformers can be pur-
chased or you can make your own out of
a pair of similar power transformers con-
nected back to back. I built mine from a
couple of old tube-type TV power trans-
formers mounted on a board with an out-
let box. Their high-voltage secondary
windings were connected together. The

unused low-voltage secondary windings
can be put in series with the primary or
output windings to adjust voltage. The
schematic is shown in Fig. 2. Note that
there should be a fuse in the primary to
protect against faults in the transformer
as well as the load. Use a slow-blow type.
The inrush current of the transformer
will depend on the part of the cycle when
the switch is closed (worst is actually near
the zero crossing) as well as the secondary
load. Though not shown in the schemat-
ic, it is a good idea to also place a fast-
blow fuse in series with the secondary to
protect the load. However, the inrush
current of the degaussing coils in TV sets
and monitors will often pop a normal or
fast-blow fuse when no actual problems
exist. (It is probably a good idea to dis-
connect the degaussing coils while testing
unless they are suspected of being the
source of the problem.)

A variable autotransformer (also
known as a Variac, which is the trade
name of one manufacturer) doesn’t need
to be large—a 2-amp unit mounted with
a switch, outlet and fuse will suffice for
most tasks. However, a 5-amp or larger
Variac is desirable. If you will be trou-
bleshooting 220-VAC equipment in the
US, there are Variacs that will output 0
to 240 VAC from a 115-VAC line. As
valuable as a Variac can be, it is impor-
tant to remember that a Variac is NOT
an isolation transformer! Don’t make
the mistake of using one in place of an
isolation transformer. Note that there
are combination units, also known as
variable isolation transformers. If you
have one, great; but if not, there is no
need to buy such a combination unit. A
Variac followed by a normal isolation
transformer will work fine.

Figure 3 shows the internal wiring of
a typical Variac. Note that there is no iso-
lation as the power-line neutral and
ground are tied together at the main ser-
vice panel (fuse or circuit-breaker box)!
Also note that the “Power-LED circuit”
in Fig. 3 is soldered directly to a winding
location that has been determined to pro-
duce about 6 VAC,

Next time I'll continue this discussion
by presenting my thoughts on some basic
ancillary equipment every troubleshoot-
er ought to have, as well as some hints on
where and how to get service literature
including schematics. In the meantime,
why not visit my sci.electronics.repair
FAQ site on the Internet at www.repair
faq.org. You can reach me directly via e-
mail at sam@stdavids.picker.com. ]
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You can Build Gadgets! !

.

: Here are 3 reasons why! |
D BP345—GETTING

I Getting Started STARTED IN I

| | Electronics PRACTICAL 0
ELECTRONICS $5.95

I 5 1k If you are looking into I
[ a#h| | launching an exciting
I e g).‘.;: hobby activity, this text
\*74; provides minimum es-
I ? % sentials for the builder
|_ Jo= || and 30 easy-to-build fun

projects every experi- I

menter should toy with. Printed-circuit board

l designs are included to give your project a pro- l
fessional appearance. I

| u BP349— Practical
PRACTICAL OPTO- O et
ELECTRONIC o

PROJECTS $5.95
i you shun opto-elec-
tronic projects for lack of
I knowledge, this is the
book for you. A bit of in-
I troductory theory comes
first and then a number
I of practical projects
which utilize a range of opto devices, from a fil-
I ament bulb to modern infrared sensors and emit- I

I ters—all are easy to build. I
| [Pragtcn giscionc! — BPasa— [
PRACTICAL

I A PERFORD ELECTRONIC I

I ] MUSIC PROJECTS I
....................... $5.95

I \ Y The text contains a good- I
Ny ly number of practical

I | k= 5 music projects most often I
{ rﬁ“‘““ requested by musicians.

I Ali the projects are rela- I

tively low-in-cost to build
I and all use standard, readily-available compo-

nents that you can buy. The project categories
are guitar, general music and MiDI.

Mail to:

Electronic Technology Today, Inc.
P.0. Box 240
Massapequa Park, NY 11762-0240

Shipping Charges in USA & Canada
$0.01t0 $5.00..........52.00 $30.01t0 $40.00.......86.00
$5.0110$10.00.........$3.00 $40.01 t0 $50.00.......$7.00
$10.01t0 $20.00.......$4.00 $50.01 and above.......$8.50
$20.01 10 $30.00........$5.00

Sorry, no orders accepted outside of USA and I
Canada. All payments must be in U.S. funds only. I

(] Number of books ordered.

_—_-L

_—_—_—_—_—__H-_

Total price of DOOKS...............c...... $ I
Shipping (see chart) .............c........ $

SUbtotal .......cooooeceiiannns $ I
Sales Tax (NYS only). $

Total enctosed $ I
Name - I
Address _
City State __ ZIP I

Please allow 6-8 weeks for delivery.
- I EE I I T .
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The Robotic Arm Trainer Kit from
OWI teaches the basic principles of
robotic sensing and locomotion. It
includes a five-switch wired controller
that permits the arm to grab and release,
lift, lower, rotate both the wrist and the
base, and pivot sideways 120 degrees.
Five motors and five joints allow for flex-
ibility and fun.

After the robotic kit is assembled, the
dynamics of the gear assembly can be
observed through the transparent arm.
The state-of-the-art gear mechanism is
a combination of link-mechanism with a
motor gear-box control.

The robotic arm has a maximum
length of 18 inches outwards and a max-
imum height upwards of 14 inches. It
uses 4 “D” bartteries (not included) as a
| power source and has a suggested selling
price of $69.95
OWI Incorporated
1160 Mabalo Place
Compton, CA 90220-5443
Tel: 310-638-4732
| Fax: 310-638-8437

Mini-Stick Meters

Wavetek has introduced two uniquely
shaped digital multimeters, the ST75 and
TM45. Traditional handheld DMMs
must be put down by the technician while
holding the test leads. The “mini-stick”
design of these meters, however, allows
the user to simultaneously hold the meter
safely and read the display.

Designed especially for electricians,
plant and maintenance engineers, and
others who need a compact tool, the
small thin style of the meters makes it
easy to carry in tool belts and helps it fit
easily in tool boxes (it measures approx-
imately 63/,-inches high by 1%,-inches
wide at its widest). Wavetek’s ST75 and
TM45 are very useful for applications
where space is tight, for quick tracing on
wiring panels and circuits, and for blow-
er and motor circuit troubleshooting.

The ST75 is a complete volt/ohm
stick DMM, featuring digital and analog
bargraph display, 3200-count resolution,
autoranging, data hold, quick continuity

NEW PRODUCTS

USE THE FREE INFORMATION

CARD FOR FAST RESPONSE

checking, and diode testing. It measures
DC and AC voltage up to 600 volts and
resistance up to 32 megohms.

The TM4S5 is a digital thermometer,
geared to commercial and industrial
applications, with a wide temperature
range up to 2000° Fahrenheit and 1300° |
Celsius. Features include temperature |
measurement that is switchable between
Fahrenheit and Celsius, compatibility
with Type K-thermocouples, and data
and maximum display hold.

CIRCLE 21 ON FREE INFORMATION CARD

Priced at $99.95 each, both meters
are available from local distributors and
national catalogs.

Wavetek Corporation

Instrument Division [
9045 Balboa Avenue |
San Diego, CA 92123

Tel: 619-279-2200
Fax: 619-565-9558

In-Gircuit Capacitance Checker
The CapAnalyzer 88 from Electronic
Design Specialists (EDS) is an elec-
trolytic capacitor checker that automati-
cally discharges the capacitor, measures '
DC resistance and equivalent series

wwWwW americanradiohistorv com
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resistance (ESR), and looks for shorts in
circuit—all in one step.

CIRCLE 22 ON FREE INFORMATION CARD

It measures values from 0.47 pF to
2200 pF in-circuit with complete accu-
racy. (All signals are under 50 mV with a
S-ohm test impedance to prevent false
readings.) Since it take only 2.5 seconds
to test each capacitor, an entire PC
board can be checked in minutes.

The beeper on the CapAnalyzer 88
allows the technician to look at the circuit
being checked rather than having to keep
his eyes on the instrument. A slider con-
trol sets the value of DC resistance at
which the alarm beeper goes off. When
the equivalent series resistance is being
read, the beeper will also sound—from
one to five beeps—depending on the
actual ESR reading and the quality of the
capacitor.

The state-of-the-art design uses a
microprocessor and a two-color, 20-seg-
ment, LED meter that reads ESR with a
resolution down to 0.1 ohm. A handy,
three-color chart on the front panel
shows typical ESR readings for good
and bad capacitors. Included is a one-
handed, gold-plated tweezer probe that
can check both conventional and sur-
face-mount capacitors.

The CapAnalyzer 88 has a suggested
retail price of $169.

Electronic Design Specialists
4647 Appalachian Street

Boca Raton, FL 33428

Tel: 561-487-6103

Auto-Ranging Automotive
Multimeter

HC Protek’s Model D-688, a hand-
held diagnostic test instrument, helps
speed automotive repairs by providing
fast, thorough, on-the-job analysis of
systems and components found in auto-

mobiles. Applications include testing of
sensors, solenoids, and components;
coils, diodes and alternators; ignition
and engine systems; cooling heating,
and lighting systems; and charging sys-
tems in an automobile.

CIRCLE 23 ON FREE INFORMATION CARD

This auto-ranging muldmeter has a
4000-count, 33/,-digit LCD readout with
a 42-segment bargraph. The instrument
can measure, memorize, and recall both
duty cycle and dwell, as well as tach
(RPM) settings for fast, curb, and base-
line idle specifications on vehicles with or
without distributors. It also measures
AC/DC current up to 15 amps and mon-
itors changing trends in throttle position
and other output sensors. The Model D-
688 gives minimum/maximum average
readings, as well as temperature readings
in both Fahrenheit and Celsius. A 0- to
2000-kHz frequency counter is built-in,
Other features include data hold, a cont-
nuity buzzer, and overload protection.

The Model D-688 costs $249.95.
HC PROTEK
154 Veterans Drive
Northvale, Nj 07647
Tel: 201-767-7242
Fax: 201-767-7343
E-mail: HC protek@aol.com
Web:
bttp:/fwww.techexpo.com./WWW/hcprotek

Ditferential Voltage Probe

Floating measurements are often
required on electrical and industrial
power systems. The Fluke DP120
Differential Voltage Probe for oscillo-
scopes allows users to safely make such

www americanradiohistorvy com

measurements. It is designed for use with
Fluke’s range of ScopeMeter test tools,
CombiScope instruments, and with ana-
log oscilloscopes and accessories.

The DP120 has a 20 MHz bandwidth
and selectable 20X or 200X attenuation.
Each instrument channel used with a
DP120 probe can be connected to a dif-
ferent ground potential. When used with
a battery-operated test instrument, a sin-
gle DP120 provides a dual-channel mea-
surement capability on systems with two
different ground potentials.

Typical situations for which the volt-
age probe offers solutions include mea-
surements on variable-speed motor
controls, uninterruptible power sup-
plies, process controllers, and other sys-
tems with multiple ground levels. In
many industrial installations, control
electronics are connected to PLCs, and
measurements need to be referenced to
earth ground. However, in power cir-
cuits, the output devices are usually
floating. Therefore, measurements on
the grounded and power sides may be
necessary in a single session, which can
be easily accomplished with DP120
Differential Voltage Probe.

CIRCLE 24 ON FREE INFORMATION CARD

Included with the DP120 are shroud-
ed 4mm banana-probe tips, sets of pin-
grabber test clips, and large-jaw alligator
clips. Also provided is a 9-volt battery
that allows up to eight hours of opera-
ton. The DP120 probe is priced at $395.
Fluke Corporation
PO. Box 9090
Everett, WA 98206
Tel: 800-FLUKE
Fax: 800-FLUKE-FAX
E-mail: fluke-info@tc fluke.com
Web: btp://www.fluke.com
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SEND YOUR COMMENTS TO THE EDITORS OF ELECTRONICS NOW MAGAZINE

Shielded From the Truth

It bas come to our attention that the
schematic diagram (Fig. 1) for the Quick
Tester that appeared on page 53 of the
October 1997 issue of Electronics Now
was reproduced incorvectly. The connection
between J2 and J4 should only connect to the
shield of 72. With that connection wired
through 72 as originally shoun, R1, R2, and
82 bave a direct short across them, making
that portion of the circuit meffective. We are
sorry for any inconvenience that might have
been caused —FEdjtor

“Smartbox” Updates

I recently built Anthony Caristi’s
“Smartbox” (Electronics Now, July
1997). I encountered two problems with
the project. First, the IRF9Z30 P-chan-
nel MOSFET no longer exists. An
IRF9Z34, which has a higher current
rating, can be substituted, according to
the manufacturer. The second problem
is with the foil pattern itself. IC3 pin 8
(Vo) is not connected. The problem can
be fixed by soldering a jumper from the
Vi side of RS to IC3 pin 8.

DAVID WASILKO
Mililani, HI

Bring Back Fips

I've been a loyal subscriber to
Electronics Now (and its predecessor,
Radio-Electronics) since about 1962,
when I was about 12. Now I’'m a senior
EE ata high-tech company, and I'm still
a subscriber. Why? Because your maga-
zine fills the gap between the world of
industrial applications, which I live in,
and commercial products (audio, video,
etc.). You have enough basic things for
the newcomers, and enough details and
interesting things for the oldtimers.
That must be a difficult balance to keep.

My only wish is that someday you’d
reprint (maybe as PDF files on your Web
site) the April Fools’ articles published in
the 1950s and 1960s under the pen name

“Mohammed Ulysses Fips.” Looking
back, it is remarkable how many of those
humorous articles accurately predicted
future advances or technology. For exam-
ple, your September 1997 issue contained
an article on noise-canceling earphones.
The April 1964 issue contained an article
dtled “Snorekill” on a noise-canceling
system for the bedroom. Other April
Fools’ articles that I remember and that
were equally predictive include Paperthin
Radio (1960), Teleyeglasses (1963), and
Three-dimensional "Television (1965).
FRANK DEMAREST

via e-mail

Northwest Missouri
Winter Hamest

The eighth annual Northwest
Missouri Winter Hamfest will be held on
January 17, 1998 from 9 a.m. to 4 p.m. at
the Ramada Inn, located right off 1-29, in
St. Joseph, Missouri. Special room rates
are available for Hamfest participants.

Major exhibitors, an indoor flea mar-
ket, and a swap fest are all part of this
event. Talk-ins will take place on 146.85
and 444.925. FCC exams will be given.
Admission fee is $2 for pre-registration
and $3 at the door.

For further information, contact
Northwest Missouri Winter Hamfest,
c¢/o Jean Pearson, KCOGB, P.O. Box
8547, St. Joseph, MO 64508.

JEAN PEARSON
Hamfest Secretary

Write To:
Letters,
Electronics Now Magazine,
500 Bi-County Bivd.,
Farmingdale, NY 11735

Due to the volume of mail we
receive, not all letters can be
answered personally. Al letters
are subject to editing for clarity
and length.

Mars On The Rocks

I strongly disagree with your editori-
al in the October, 1997 issue of
Electronics Now. That $1.00 each you
mentioned as our contribution to the
Mars Lander project has been taken and
spent without our permission. And fur-
ther more, it is taken from our grand-
children and, at the rate we're going,
maybe our great-grandchildren.

I am a scientifically-oriented person—
a retired technical writer and program-
mer—and I do not approve of the way we
spend money on the space program in
general. If sending a robo-cart to Mars to
photograph rocks (yeah, I know much
more than that) is so important, and if it
seems to be entertaining, why can’t such
exploits be privately sponsored? I can just
see the Sojourner coming down its ramp,
and deploying a banner with Tide or
Coca-Cola on it.

When you consider the money that is
spent on commercials with high-paid
entertainers, we could have had a colony
on the Moon and maybe even on Mars
by now.

JOHN P. LYMAN
Casselberry, FLL

Dim Future for Technicians?

I read with much interest Dr. Joel
Goldberg’s article, “Recruiting Tomor-
row’s Electronics Technicians” in Elec-
tronics Now, October 1997. I might just
be able to give him a reason for the cur-
rent lack of qualified technicians. I can’t
say much for the rest of the country, but
salaries for technicians here in New
Jersey are just plain pathetic.

Since the huge layoffs by Hewlett-
Packard, Lockheed, and others in the late
1980s and early 1990s, thousands of fully-
qualified technicians have flooded the job
market. With this glut of highly-skilled
people, employers got smart in a hurry!

Even though the economy is “boom

Continued on page 27
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that sales would top one million units by
October. That’s after 1.5 years and two
product generations.

Market research (DataQuest) shows
that the Pilot has in that time grabbed
51% of the market for hand-held com-
puters. The product category itself is
vaguely defined and under constant revi-
sion—basically, every time somecne
releases a new device, the categorization
scheme must be revamped. Windows CE
(“Consumer Electronics”) appears to be
the big loser here; shrinking Windows to
run on a tiny screen and keyboard does
not work.

At the conference, a 3Com emplovee
stated that the Pilot’s growth correlates
with that of every large consumer elec-
tronics success (except audio CD),
including VCRs, cell phones, and more.
That person also exclaimed that the Pilot
market has the feel of the early years of
the PC industry, before “Wintel” swal-
lowed everything. Everyone I talked to
seemed to feel that excitement—even the
young’uns who weren’t there the first
time around. No one company owns the
market, nor has competition reduced it
to low-profit commodity status where
cost-cutting is more important than
innovation.

For years, many people (including re)
have been predicting the advent of some-
thing like the Pilot. The early 1990s saw
a spate of such offerings, all of which
flopped. Then R&D money became hard
to get, because PDAs were viewed as a

peeme COMPUTER CONNECTIONS

Penetrating the Pilot

HE PALMPILOT FROM 3COM IS THE HOTTEST COMPUTER
DEVICE TO HIT THE MARKET IN YEARS. I RECENTLY
ATTENDED A DEVELOPER’S CONFERENCE AND AM NOW MORE

CONVINCED OF THAT THAN EVER. ESTIMATES AT THE SHOW WERE

losing proposition. The Pilot has single-
handedly changed that perception once
and for all. The Pilot has legitimized the
PDA market.

8y JEFF HOLTZMAN

the other existing PDA vendors have
released and/or are working on Pilot
knockoffs. It will be interesting to see
whether anything will seriously eat into
the Pilot’s market before Microsoft does
get it right. In the meantime, I believe
that there is lots of opportunity for soft-
ware and hardware add-ons.

To catch up on what’s hot, see the
Resources sidebar elsewhere in this art-
cle. In particular, two Web sites—Adam’s
(http://www.inforamp.net/~adam/pilot/)

PARALLEL 1/0 PORTS

TRTE] 1 B

MCB8EC000 HCMOS
STATIC B
CORE PWM 16-BIT
MODULE TIMER
8-/16-BIT
68000 BUS DYNAMIC BUS MODULE
INTERFACE SIZING EXTENSION
SYSTEM
CLOCK INTEGRATION
SYNTHESIZER | MODULE
AND (SIM28) j
CZ%VTV,ESL MCBBEC000 INTERNAL BUS
PCMCIA 1.0
SUPPORT RTC
UART
PROCESSOR | INTERRUPT LCD
CONTROL | CONTROLLER | | CONTROL MASTER SLSAPVE WITH
VODULE SPI i INFRA-RED
SUPPORT

165 % s A A

PARALLEL I/0 PORTS

FIG 1—MOTOROLA'S DRAGONBALL CPU is an MC68000-family compatible device with
lots of built-in peripheral support, including LCD controiler, UART, clock, timers, and more.

Competition is heating up. Windows
CE 1.0 has flopped, and CE2 is due this
fall. There’s an old adage that it takes
Microsoft three times to do anything
right. Perhaps CE3 will follow in anoth-
er year. Meanwhile, Sharp and some of

and Stngersoft (http://198.70.114.128/
stinger/stingersoft.cfm)—will link you to
just about all current products and other
major Web sites. You'll also want to check
out the Pilot news groups. Both hardware
and software developers will want to look
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at Darrin Massena’s site (http://www.
massena.com/darrin/pilot/index.html).
For my part, I'm going to be invest-
ing some time in Pilot development, and
I'm going to share some of what I learn
with you here. To get started, I'm going
to talk about the overall Pilot architec-
ture, and focus in on the underlying
CPU. In coming months, I plan to talk
about hardware interfacing, and pro-
gramming in assembly, C, and possibly
other languages. I've got several ideas
for what I think will make interesting
projects. Please feel free to contribute
suggestions, or to submit projects of
your own. So, let’s get started already!

The Basics

In case you missed my earlier
columns, heres a quick synopsis. The
Pilot is a handheld computer that runs on
two AAA cells. It has a 160 X 160 pixel
screen measuring 56 cm on a side, yield-
ing a 0.35mm dot pitch. It has no key-
board; rather, it depends on an easy-to-
learn (basics in minutes, fluency in hours)
and effective handwriting-recognition
system called Graffid. You can stroke
directly on the 56 X 56 screen area; there
is also a dedicated 60 X 20 mm area
directly beneath the screen where you
enter Graffiti strokes, and that also has a
set of pseudo-dedicated buttons for per-
forming specific functions.

Various models come with 128K to
IMB of memory, and third parties can
bump it to 2MB and 3MB (voiding the
warranty). The high-end model, the
PalmPilot Pro, comes with a backlit
screen, IMB of memory, and additional
ROM-based software—primarily a built-
in TCP/IP stack. It lists for about $400.
The backlight is extremely nice, and if
you download many add-ons, you'll
almost certainly want the extra memory.
If you only use it for its intended purpose,
a standard 512K model could probably
keep you happy for a long time—and you
can always upgrade (memory, not the
backlight). For serious work, you should
pretty much forget the 128K model.

What can you do with a Pilot? It’s
primarily an organizer. Sound boring?
Not really. I have literally sat in restau-
rants and been approached by waiters
who after a short demo walk away say-
ing, “Cool!”

An anecdote I heard at the conference
has it that a little old lady, initially a total
skeptic, ended up being converted by the
ability to have her address list with her at
all times. I could see old-timers using the

alarm function as a medication reminder.
And with a little interface work, it could

be used as an add-on to any number of

biomedical devices for measuring and
displaying current conditions. More on
that later.

It, of course, offers the type of func-
tions you would expect in an organizer:
datebook, telephone/address list, to-do
list, and memos. A fifth built-in function
is a calculator. The Pro version also
comes with e-mail and expense applica-
tions. Shareware and commercial add-
ons include a (poor) spreadsheet; several
outliners; Internet applications; fax, draw
and paint programs; games (of course);
and lots more.

A key component of Pilot’s success is
its one-button “sync” process, which
synchronizes all added, modified, and
deleted data, in both directions, between
the Pilot and a desktop application,
either Pilot’s own Pilot Desktop, or any
of a number of leading PIMs (Personal
Information Managers). Synching nor-
mally occurs via the built-in RS-232
port, but there are now options to per-
form remote synching via modem, and
most recently via a LAN. Synchs occur
via conduits, essentially DLLs for mov-
ing data between the Pilot and applica-
tions programs. Custom conduits and
TCP/IP applications represent a big
market opportunity.

You can buy Pilots at major con-
swner-electronics and office-supply out-
lets, Egghead, and the larger computer
catalogs. The Pilot news group frequent-
ly has sale offers from various companies.
Last summer, one company briefly sold
the full Pro model for $299, or $100
below list. Check www.pdapage.com to
find current best prices.

Inside

For our purposes, there are three
points of interest about the Pilot’s
hardware architecture. One, it is built
around a 68000-family microprocessor,
Motorola’s MC68328 “Dragonball.”

Two, the only official interface to the”

device is an RS-232 port. Third, it has a
switching power supply, which gener-
ates 3.3 volts for the CPU, as well as the
RS-232 voltages. The remainder of this
column will provide a quick capabilities
overview of Dragonball. Next time,
we’ll start seeing how this richness can
be put to use.

Dragonball is 144-pin flat-pack de-
vice. It contains a CPU that is claimed to
be 100% compatible with the MC68000

waanny americanradinhictorvy com

family. The CPU itself has a 16-bit data
bus (which can operate in both 8- and 16-
bit modes for 170 purposes), and a 24-bit
address bus. Internally it contains eight
address registers, eight data registers, a
condition-code register, a stack pointer,
and a program counter.

Dragonball also contains a System
Integration Module (SIM28) with an
incredible set of capabilides, only some of
which are used in the Pilot. Highlights
include support for static RAM,
EPROM, and flash memory; hardware
and software watchdog timers; 77 indi-
vidually programmable 1/0 pins; PCM-
CIA 1.0 support; a UART with IRDA
support; a dual-channel 16-bit counter/
timer; a PWM (pulse width modulation)
output for tone generation; a real-time
clock with one programmable alarm; a
power-management module; an LCD
control module; pager interface; and a full
CMOS implementation that allows clock
operation from DC to 16.7 MHz. A block
diagram of the CPU appears in Fig. 1.

The clock is normally driven by a
32.768-kHz crystal, which in turn drives
an internal phase-locked loop (PLL).
The PLL can multiply the crystal fre-
quency by a number of programmable
factors, yielding CPU clocks ranging
from about 10 MHz to 16.7 MHz. To
implement power saving, the system is
normally off. An interrupt to the PLL
causes the system to wake up within two
milliseconds. There is an extremely
sophisticated software-controlled power-
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control module that, for example, lets the
CPU sleep while DMA operations keep
an LCD screen refreshed. The screen
itself may be up to 240 rows X 1024
columns in sixteen shades of gray. The
Pilot OS directly supports only bi-level
tonality, but several apps are experiment-
ing with the gray scaling. (Unfortunately,
the results are pretty disappointing from
what Pve seen. The screen is definitely
the Pilot’s weakest link.)

The real-time clock provides hours,
minutes, and seconds data. It has an n-
minute countdown timer that can gener-
ate an interrupt after n minutes. The
RTC also has programmable one-second,
one-minute, and one-day interrupts. The
counter-timers provide a maximum peri-
od of 524 seconds and resolution of 240G ns
(at the 16.7 MHz clock). The two timers
can be cascaded for 32-bit operation.

Dragonball contains ten general-pur-
pose parallel I/O ports, several of which
are muldplexed with internal CPU func-
tions. For example, Dragonball directly
exposes the lower 24 address lines.
However, parallel port A also exposes
address lines 24-31, providing a full 32-
bit address space. Port B multiplexes with
the low-order data bus lines (D0-I17).
Port C multiplexes with various CPU
control signals. Port D has special fea-
tures for interfacing a matrix keyboard.
Ports G, K, and M multiplex interrupt,
timer, PCMCIA, and serial I/O signals.

The serial interface provides four
standard signals (TSD, RXD, CTS, and
RTS), and may be programmed to run at
rates of 300-115,200 bps. Pilots usually
run their Synchs at 57,600 bps.

Wrapping Up

That’ it for now. Next time we’ll dis-
cuss software development tools, and
start looking at ways of getting data in
and out of the Pilot via the RS-232 port.
Until then, you can stay in touch with
me via e-mail at jkh@acm.org. e |

LETTERS

continued from page 24
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‘...check to see if Tommy has my PDA

in his toy chest...”

ing” according to the low unemployment
rates, what is not mentioned is the fact
that underemployment is also boom-
ing—people settling for wages only i/, to
%/, of what they were getting, just to sur-
vive. Ad after ad reads “entry level; mini-
mum 5-10 years of experience.”

A Field Service Technician of the
1980s would be furnished with a company
vehicle, uniforms, tools and instruments,
and training as required. A good techni-
cian then earned between $50 and $75 per
hour. However, a recent ad wanted a fully-
experienced technician with 5+ years of
experience. He was to supply his own
vehicle (with his own insurance!), and his
own equipment and tools for field servic-
ing. Starting salary: low $20,000s!!! That’s
about $10 an hour, folks. Pretty sad, no?

If that is all new recruits have to look
forward to, I can see why they would
NOT want to waste their time with any
additional schooling. Stocking shelves at
the local supermarket is competitive in
salary. I can vouch for this in NJ, as I've
been in the same boat since 1989.
Pathmark looks good!

SKIP CAMPISI
S. Bound Brook, NJ

Free Circuit Encyclopedia

Just a quick note to let everyone know
that a free, downloadable program that is
an encyclopedia of electronic circuits,
formulas, charts, graphs, etc. is available
on the Web at our site (http://members.
aol.com/cybercir/index.html). It provides
a wealth of electronics information for
the hobbyist or professional. The pro-
gram is not time-limited or de-featured
in any way, although it does contains
fewer items than the retail version that’s
available.

Also at our Web site is a “Circuit du
Jour” that is changed periodically. This is
a specially selected circuit (or other elec-
tronics information) that visitors will find
useful.

DAMIAN BONICATTO, PTM

via e-mail

poprno;vix*
|

http:ffwww.pnptrum:.cum |
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BEST DEALER PRICING!

il CATALOG!

Now you can tune-in your favorite
cable TV programming
and SAVE $100°S -
EVEN $1000°S on premium
CABLE TV EQUIPMENT.

ELECTRONICS
1-800-906-6664

2609 S. 156TH CIRCLE » OMAHA, NE 68130
http: /rwww.modernelectronics.com

ELECTRONIC
COMPONENTS

mouéEn

T A O H

Call for your FREE 356
page catalog TODAY!

m 59,000+ Products
| 135 Manufacturers
m Sgme Day Shipping
| No Minimum Order

800-992-9943
817-483-6828 Fax: 817-483-0931

www.mouser.com  catalog@mouser.com

958 North Main St., Mansfield, TX 76063

CIF:CLE READER SERVICE NUMBER 332

MON SOIUOI8I3 /661 18quieoag

N
3


www.americanradiohistory.com

Electronics Now, December 1997

N
@

AUuDID UPDATE

BY FRANKLIN J. MILLER

Building a Resistor Substitution Box

N

OW THAT YOU'VE COMPLETED YOUR AUDIO GENERA-

TOR, YOU'RE ALMOST READY TO START DOING SOME

REAL TESTING. BUT FIRST, SINCE MOST OF THE TESTS YOU ARE

GOING TO WANT TO PERFORM WILL REQUIRE SOME SORT OF TEST

. fixture or related device, we’ll build a unit
that will make your testing chores easier.

A Resistor Substitution Box

Last time we discussed building load
resistors so we could test amplifier out-
puts. This time I am going to show you
a neat little resistor substitution box (R-
Box) that has an almost endless list of
applications. It can provide resistance
outputs of I ohm to 11.11 megohms just
by pushing the appropriate combination
of buttons on the front panel. If you
decide to build this box, be sure to use
only precision components; close resis-
tor tolerances—I use only 1% devices
here—helps make a very accurate box.

Our assembled unit is shown in Fig.
1. To select values, you merely punch in
the resistance you need using the push-
button pad and it appears across the ter-
minals labeled RX at the top of the unit.
For example, if you needed 7300 ohms
you would push the 4 key and the 3 key
in the row above X1K—that will give
you 7000 ohms at the terminals. Then
you would depress the 3 key in the X100
row. That adds 300 ohms to the 7000
ohms. The switches stay down and the
selected value is available across the RX
terminals. For 570 ohms, push the 4 and
I buttons in the X100 row, and the 3 and
4 buttons in X10 row. It’s just that easy.

Construction
The complete schematic for the sub-
stitution box is shown in Fig. 2. For eas-

iest construction, a PC board is recom-
mended. An appropriate pattern is pro-
vided here, and the corresponding parts-
placement diagram is shown in Fig. 3.
Note that, as indicated in that figure, the
resistors are all mounted on the foil side of
the board. The switches are mounted on
the component box in the usual fashion.

s RBOX 4

1-1.111M OHMS

. e00e®( !
00 0ee
| J XTOX X IO ¢
08000

X X100 XK Xioh  XI00K

COPYRIGHT 1987 FRANKLIN ). MILLER E
ALL RGHTS SESERVED

FIG. 1—HERE’'S THE FINISHED resis-
tance substitution box (R-Box). It's small,
easy to assemble, and has many uses on
any electronics bench.

Note that the PC pattern and
schematic indicate the use of DPDT
switches, though only one section of

each is used. Those switches are used
because they are included in the available
kit (see Parts List) and they are easier to
find (in the author’s experience) than
latching SPDT pushbuttons.

Construction is very simple. The 24
switches are all mounted right on the
board. Make sure that you insert them
so that they fit flat and tight against the
board. This is important! If you don'’t
get it right, the knobs will not fit prop-
erly onto the top plate. (Note: If you
elect not to use the available kit, make
sure you select an enclosure that’s a suit-
able depth for the switches you use. The
critical dimension here is the depth of
the box; it should be selected so that,
when the board is mounted inside, the
switch  buttons protrude suitably
through the top plate.) Do not install
J1-J3 at this time.

Once you have mounted all of the
components {except J1-]3) and you have
carefully inspected the PC-board assem-
bly, put it aside. The next step is apply-
ing the top-panel overlay. If you choose
to buy the kit, an overlay and pre-
punched enclosure is provided. If you
elect to build your own, you'll have to
create your own overlay; the appropriate
panel markings are shown in Fig. 1. A
drilling guide is shown in Fig. 4.

The overlay supplied with the kit
comes with an adhesive backing. To
ensure that it will adhere properly, you
must first make sure that the top panel is
very clean. A small amount of acetone,
which can be purchased at any paint
store, will do the job nicely. Since its
vapors can be hazardous, make sure you
are working in a well-ventilated area.

Now you need a small bottle of water
with a spray attachment. It will allow
you to move the overlay around for pre-
cise placement. Place both the top panel

awann americanradiohistorv com
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FIG. 2—THIS COMPLETE SCHEMATIC OF THE R-BOX shows that it's essentially an
assembly of resistors and switches mounted on a small PC board.

and the overlay in front of you, with the

three holes at the top. Remove the over-

lay backing and align the top upper left

corner of both pieces. Once the label is

aligned, gradually smooth the balance of
? 4 ? 42 T I3 the overlay down using the side of your

hand. Once this is done, use an orange
stick (available in the beauty section of
any supermarket) as a rolling device to
get out all the bubbles. Let the top panel
dry overnight to be sure all of the water
has evaporated.

The next step is to put the knobs
(supplied with the kit) on the switches.
Position the PC board in tront of you,
with the three pads for J1-J3 toward the
top. There are four rows and six
columns. Use black buttons for the first
523 column, located on the far left. As you
go to your right, use the red, yellow,
green, and blue buttons. The white but-
tons, on the extreme right, complete the
chore. They will just snap on.

Now install the banana jacks through
the top panel. Go from left to right and
insert red, black, and green, in order,
tightening the nuts that hold them in
821 place as you go. There are four 2.5-mm
X 10-mm long screws and 'A-inch long
spacers with nuts and lock washers that
insert in the four corners of the top
panel. Insert the four screws and turn
the assembly over. Slip the spacers over
the screws. Now the printed-circuit
board should fit onto the spacers. Place
FIG. 3—AS SHOWN IN THIS PARTS-PLACEMENT DIAGRAM, all of the resistors mount 2 ground-lug washer over the spacer at
on the foil side of the board. That was done to make the R-Box small and convenient to use.  the upper left-hand corner of the board;
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FIG. 4—YOU'LL NEED THIS DRILLING GUIDE for the top panel if you chose to build the
R-Box without the benefit of the kit. Follow it closely to get a really attractive unit.
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HERE’S THE FOIL PATTERN for the R-Box. It is shown full sized.
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PARTS LIST

RESISTORS
(All resistors are '4-watt 1%, metal-
film units.)
R1—10-ohms
R2—20-ohms
R3—30-ohms
R4—40-ohms
R5—100-ohms
R6—200-ohms
R7—300-ochms
R8—400-ohms
R9—1000-ohms
R10—2000-ohms
R11—3000-ohms
R12—4000-ohms
R13—10,000-ohms
R14—20,000-ohms
R15—30,000-0hms
R16—40,000-ohms
R17—100,000-ohms
R18—200,000-ohms
R19-—300,000-ohms
R20—400,000-ohms
R21—1-megohm
R22—2-megohms
R23—3-megohms
R24—4-megohms

ADDITIONAL PARTS

AND MATERIALS

S1-523—DPDT pushbutton switch,
latching, see text

J1—Banana jack, red

J2—Banana jack, black

J3—Banana jack, green

PC board, cabinet (see text), front-
panel decal, pushbutton knobs,
mounting hardware, solder, etc.

Note: The following items are avail-
able from Franklin J. Miller, 2100
Ward Drive, Henderson, NV89015:
A complete kit, includingpre-drilled
aluminum case, front-panel label,
push button knobs, PC board,
and all components; $70. Price in-
cludes shipping inside the conti-
nental United States.

the mounting hole there has a trace
leading to the pad for }3. Then install all
of the lock washers and nuts. Tighten
the nuts only finger tight. Turn the unit
over to be sure that all of the push but-
tons work without any problems. Then
tighten the four screws and nuts to the
final fit.

Now you can solder the banana jacks
to the PC board. The last step is to
assemble the rest of the case. [En |
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Everyone has to start
somewhere.

As 150,000 CIE graduates
have discovered, independent-
study from
The
Cleveland
Institute of
Electron-
ics can
get you
were you
want to
be. Ina
secure,
financially rewarding, exciting
career field of your choice.

Since 1934, CIE has been on
the forefront of an ever expanding
technological revolution.

P

—
Industrial Robotics

Back then

it was

radio and TV,
today it's
computer
technology,
programming
and the electron-
ics that make it all
possible. Today
and yesterday's
similarities are
uncanny... Employers are looking for
qualified applicants to hire and having
a hard time finding them.

Students at CIE receive the
training and the education needed to
get hired and to succeed in challeng-
ing fields such as computer program-
ming, robotics, broadcast engineer-
ing, and information systems manage-

Electronics

OO 7 I oF

LEARN A SKILL YOU ENJOY...
_.THEN FIND A JOB THAT HAS A FUTURE.

ment. CIE's
curriculum is
unigque from
other indepen-
dent-study
schools in the
respect that we
not only provide
hands-on
training utilizing
today's
technology we
also instill the
knowledge and understanding of why
technology works the way it does. This
is the foundation upon which every CIE
graduate can trace their success back
to and in which CIE's reputation as a
quality learning facility is based on.

5,

Project Engineer

| |
| [SI Please send me more |
i « information on:

CIE's Associate Degree Program

CIE's Computer Programming
Course

CIE’s 12 Career Courses

World College’s Bachelor

Degree Program AET110

Name

Address

City

Zip

-
w
=
o
-
@

I Phone:

I Check for G.I. Bill Details
| Active Duty Veteran

L--

L----------
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Independent study is not for
everyone. But, if you have the desire,
the basic intellect and the motivation
to succeed, CIE can make it happen.
Our learning program is patented and
each lesson
is designed
for indepen-
dent study
while our
instructors
are available
to assist you
whenever
you feel you
need help. In fact, CIE's curriculum is
so well respected many Fortune 1000
companies utilize it for their own
employees.

CIE offers personalized
training to match your back-
ground with over ten career
courses, an Associate Degree
Program and a Bachelor
Degree Program through our
affiliation with World College.
And every CIE graduate got
started
ina
successful
career the
same way you
can...by
sending for
your free CIE
course catalog
and judging for
yourself if CIE’s
for you.

Telecommunications

Computer
Programming

[Ie.

It's More Than Just Training...
...It's an Education.
1776 East 17th Street

Cleveland, OH 44114
(216) 781-9400 * 1-800-243-6446
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PARTS
FAST
SHIPPING
DISCOUNT
C ORP®P O R AT | O N  PRCING
—
2 Channel Ultrabright LED 3 Tamper Resistant
RF Remote Control j
Re Co PAINFULLY BRIGHT RED LED 1] Electrical Outlet Cover
“Total Command™™ by Leviton B 2500 to 4000 med @ 20 ma. These \\ Leviton # 830-86022 )
Operate TV, lamps and other 1 f T 13/4 (S mm diameter) red LEDs are | “Kiddy Cop" T
appliances from up to 100 feet N significantly brighter than conventional i Prevents children from I
away. Turn-on house lights L l (l i LEDs. At close range, they are painful b playing with electrical outlets e
from your car. Simple to hook- l e 1o look at. They are great for attention getting and risking electrical shock. L
up and use. Includes two %) dispiays that can be seen from a distance. Beige spring loaded outlet X
receivers on separate fre- ~x, Water clear in off-state. 20 cover closes automatically AN ) '
quencies and a two button i/ | CAT # LED-42 2 for $1 [ when outlets are not in use. 1y
hand-held transmitter that | Fits all standard dual wall out- | fl
controls them. Requires 2 S lets. Easy to install. Remove
9 volt battery (not included). 10 f°r1$ 5'02 100 for § 45.00 existing wall plate and replace with
Clam-shell display packaging. $1 ﬁ 000 for $ 400.00 outlet guard. Individual display pack-
CAT # TCR-1 each aging with screw. CAT # 0G-022
Low Power Audio Amp J Vot {"th'um Gols $ %);h |_10for$12.50 |
Cell with PC Leads
Motorola MC34119P _— . .
Low power audio amplifier suitable ﬁl—‘ffr Panasonic # BR2330-1GU ngh CapaCIty
for speakerphones or talking picture | ,” 3 volt, 255 mAh coin cell. Lithium cqv “Smart” Fan
frames, The 8 pin DIP package batteries have a very long shelf life 9 *
requires only a few anmonaI parts, operates and are great for memory back-up { Nidec Beta VI Model A34305-29
Sotek |8 wliganalelieslcpeskeisolifichims protection. 0.9” diameter x 0.12” thick. 0.7” 245 CFM @ 13.8 vdc, 2
or greater. Output power exceeds 250 mW between positive and negative pc leads. amps. 6.75" x 5.92" x
with 32 ohm speaker. Power-down option VERY SPECIAL PRICE 2" 5 blade, high-
saves power in battery driven applications. LARGE QUANTITY AVAILABLE volume fan with
Hook-up sheet. Large quantity avaitable. metal housing and
60¢ CAT # MC34119P 75¢ 20 for $12.00 struts. Features:
- each Alarm circuit indi-
each |50 Pieces - $25.00 100 for $45.00 | | 0 T e o
CAT #LBAT-16 1000 for $300.00 condition. Also has sig-
. x nal and control leads for
nght Activated 2 1/2” 8 ohm Speaker coordinating two or more fans. Six 8" long
IntrUSion Alarm hook-up leads. UL, CSA listed.
: Panasonic # EASB5P76A3 CAT# CF-42 $1 00
Leviton “Snapit-Alert” # 830-51031 8 ohm 0.4 watt speaker with each
This handy light activated alarm buzzes intermit- soft-edge paper cone producing oty
tantly when exposed to light. Use it in desk ood sound quality. 0.93" over- g =)
drawer, gun rack, medicine cabinet, refrigerator, g" depth. 2.25" wiyre leads with Twist-On F-56 &\f"j
school locker or file cabinet to prevent children or 2 prong (0.1" spacing)
unwanted intruders from being where they don't socket connector. Connector ‘
belong. Red plastic case with self-adhesive ; ; \ Twist-on co-ax connector
Velcro backing. 2.5" x 3" x 0.84". Operates on 9 Large quantity available. for RG-6 cable. CAT #FTO-56R
volt battery (not included). Good-looking retail CAT# SK-255
PeEhagnD: CAT# SNA-2 for §1 5%
00 10 for $8.50 1 00 1 5 .;

20
$2mh 10 for $20.00 ST 100 for $70.00 [ 500 for $50.00 + 1000 for $70.00 | |

1-800-826-5432

ORDER TOLL FREE

MAIL ORDERS TO: ] - .
ALL ELECTRONICS CORP FAX (818):;: 2?/73 INFO (Itlm) 904 0524/
P.O. BOX 567 INTERNET http://www.allcorp.com
VAN NUYS, CA 91408-0567 E-MAIL allcorp@allcorp.com

NO MINIMUM ORDER - All Orders Can Be Charged to Visa, Mastercard, American Express or Discover » Checks and Money Orders Accepted by Mail = Orders
Delivered in the State of California must inciude California State Sales Tax « NO C.0.D « Shipping and Handling $5.00 for the 48 Continental United States - ALL
OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping » Quantities Limited » Prices Subject to change without notice.

l o\)c.‘m1 !

| MANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax YOUR LIST. |

CIRCLE 214 ON FREE INFORMATION CARD
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hen was the last time you built a project that
w was truly impressive to almost everyone

regardiess of their age group or technical
background? The Astro-Treker presented here is just
such a project. It places the operator in the pilot’s seat
of a simulated hovercraft. To fly it properly takes all of
the skill needed in real interactive flight. Depending on
the maneuvers being attempted, the Astro-Treker is sim-
ple and safe enough for entertaining small children. It
also has the capability of challenging the most serious
game player.

Like most good video games, speed and skill levels
on the Astro-Treker will autormratically increase with
experience. Since it is a real electromechanical
device, all of the laws of physics are obeyed all the
time. Inertia, centripetal force, weight. and gyroscopic
action continuously interact to give the operator the
feeling of literally flying a lunar lander or helicopter.

The Astro-Treker is inexpensive, durable, and will not
wear out even with a lot of abuse.

Counterbalanced Flight. Reducad to basics, the Astro-
Treker is a gimbaled arm that acts much like a seesaw.
On one end of the arm is a “fiyer” that consists of some
electric-motor-driven propellers; a counterweight is
located at the other end. The balance of the arm is
adjusted such that the fiyer will always
fall to the ground when it is at rest.
There are three electric motors
in the flyer. Each one has a pro-
peller mounted to it. The pro-
peller of the center motor
points straight up; its function is
to lift the fiyer straight up. The
other two motors point away
from the center motor ot
about a 45° angle. Those
motors will provide some lift, but
they will also drive the flyer in the
direction they are pointing.
Choosing a motor with enough
torque and a propeller that can use
that torque to produce thrust will determine how well
the Astro-Treker performs. The author’s prototype can
easily achieve about 50 revolutions per minute.
Traveling in a 6-Y%z-foot-diameter circle means that the
Astro-Treker can move over 1000 feet per minute, or
almost 12 miles per hour!

The Central Gimbal. The heart of the Astro-Treker is the
gimbal that it rides on. it must let the flyer move up and
down as well as in a circle. At the same time. it must
provide the electrical contacts needed to power the
electric motors.

Simple wires can easity handle movement in the ver-
tical direction. With the gimbal mounted about 12inch-
es above the floor, the total vertical movement would
not be much more than about 24 inches at the fiyer
itself. Spinning around in a circle is a different problem,
however. If you want to travel much more than 360°,
you have to use some method cther than direct wires,
which would soon become hopelessly tangled around

BUILD THE
NSTRO-
TREKER

Here’s a simple-to-build
toy that can provide
hours of fun and enjoyment.

G. RANDY SLONE
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Fig. 1. The Asiro-Treker uses a very simple current-amplifier circuit to control the three morors.
Diodes DI-Dd are inexpensive high-current units that are readily available at RadioShack.

P.C. BOARD
DisC

UPPER DISCS A AND 8

HOLES FOR MOUNTING
LAZY SUSAN BEARING

UPPER BEARING
PLATE

EDGE HOLES

LOWER DISCS C AND D
TOP VIEW OF C DISC

Fig. 2. The Astro-Treker's gimbal is a simple arrangement of stacked discs. The upper disc (A)is a
sandwich of 2 stiffening discs and a PC board that has been etched with a series of cancentric rings
(B). The lower disc (C) is a sandwich similar 1o the upper disc, but it has a set of brushes mounred
on i1 that make elecrrical contact with the rings on the PC board. The central bearing is used for

additional electrical consact.

the base. You would also have to
fravel back the same distance to
return to your starting point.
Electrical contact in the Astro-
Treker is made by a series of con-
centric slip rings mounted around
the gimbal’s rotation bearing. Four
contacts are needed—one for

each of the three motors plus a
common return. Such an arrange-
ment will create a bit of drag and
friction that could prevent the
gimbal from spinning. However, be-
cause of the length of the Astro-
Treker’s arm, the flyer can generate
a fair amount of torque that can

easily overcome any drag caused
by the slip rings. Put another way,
with a 3-foot arm, the flyer can trav-
el 18 feet while the slip rings will only
mave 17 inches.

While only one brush would be
needed for each contact, two
brushes are used. Each brush is
mounted 180° from its companion.
That way, continuous and reliable
contact can be maintained be-
tween the motors and the con-
froller. Having reliable electrical con-
tact will prevent electrical arcing—a
prime cause of contact erosion and
"pitting” that would roughen the sur-
face of the slip rings.

The Control Panel. The control pan-
el contains the power supply and
the circuit that adjusts the power
supplied to the three electric
motors. It is a very simple design as
can be seen in the schematic dia-
gram of Fig. 1. Since each circuit is
identical, we will only discuss one cir-
cuit—the other circuits work the
same.

A full-wave rectifier is formed by
D1 and D2 with the center tap of T1
as a ground reference. The unfil-
tered direct current is applied to R2
and a Darlington-pair amplifier
stage formed by Q1 and Q2. As R2
is rotated, a variable current is
applied to the base of Q1.The out-
put current from Q1 is then applied
to the base of Q2. The much higher
output current from Q2 is then
applied to MOT2.

Short-circuit protection is provid-
ed by F2. Using the suggested
motor and propeller, each circuit
will have to supply about 1.2 amps.
However, any sudden surges will
cause the motors to draw much
more current for very brief periods.
Fuses with a rating much less that
the suggested 4 amps will tend to
blow out if R2 is spun rapidly.

There is nothing special about
the particular choice of transistors
for Q1 and Q2—they just hap-
pened to be readily available in
the author’s "junk box.” The only
important design point is that Q1
be able to supply enough curren’f}
to let Q2 supply enough current tc
the motor. ‘

In developing the control circuit
for the Astro-Treker, the old saying
that “simpler is better” certainly
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applies. Pulse-width modulation
controls would certainly improve
the low-speed torque of a DC
motor, but at low speeds, the pro-
pellers will not develop enough
thrust to move the Astro-Treker.
Even including filter capacitors to
remove the ripples from the recti-
fied power is not needed for elec-
tric motors. If a short circuit occurs
between F2 and ground. the
impedance of T1’s secondary will
limit current to a level that is less
than the maximum level that Q2
can pass. If a filter capacitor 'was
used in the circuit, additional short-
circuit protection would be need-
ed to prevent the charge on the
capacitor from burning out the
fransistor before the fuse pops. With
the Astro-Treker, simply replace the
fuse—and the fun is ready to begin
again.

It was also found that using a
regulated power source tended to
detract from the overall enjoyment
of the Astro-Treker. Although any
fluctuations in the line current will
change the motor speed for any
particular throttle setting, that “fea-
ture” adds to the realism of piloting
the Astro-Treker. In the real wcrld,
aviators have to deal with such
problems as air pockets, winds, and
storms.

Building the Rotor. Building the
Astro-Treker is easy and forgiving.
Most of the parts and materials that
are needed are likely to be found
in your “junk box” or readily avail-
able from a variety of local suppli-
ers. A broad range of parts substitu-
tions or modifications can be incor-
porated to bring the construction
cost down to fit almost any project
builder’'s budget. In addition, the
performance of the finished prod-
uct primarily depends upon the
basic laws of physics rather than
construction variables, programs, or
calibration techniques

The rotor is made from five discs
as shown in Fig. 2A. Each disc is 7
inches in diameter. The upper discs
C"A” and "B”) and the lower discs
("C” and “D") are made from /s
inch-thick plastic sheet. A suggest-
ed material is the fextured ABS
plastic that is used for custom auto-
mobile stereo-component installa-
tions. That material is inexpensive,

BRUSHES
¥ o
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Fig. 3. When building the central gimbal, mount two discs and the PC board together to form the
upper sandwich. The lower sandwich is the same, only with brushes instead of the PC board.

easy to work with, attractive, and
extremely durable. However, other
non-conductive materials, such as
Plexiglas or particleboard will work
equally well. The combined discs
A-B and C-D are used only to
strengthen the entire assembly.
Therefore, if you wanted to use Ya-
inch-thick particleboard, plywood,
or some other rigid material, only
two discs might be needed.

The PC board disc is 6%.-inches in
diometer and constructed from
any quality type of single-sided PC-
board material. It is best not to use
a fiberglass-based PC board. The
copper surface on those types of
boards tends to have a textured
surface caused by the fiberglass
strands. Some electrical arcing
problems could result from the
rough surface. Three grooves are
cut with a grinding toot or etched
on the disc as shown in Fig. 2B.
Those rings form the contact rings
that pass current to the motors. The
width of those rings can vary,
depending on the size of the brush-
es you decide to use.The innermost
ring is actually a solid circular plate
of copper foil.

A “lazy susan” bearing connects
the two disc sandwiches together.
It also serves as an additional con-
tact for the innermost contact ring
(the circle) on the PC board. That
contact will be used for the com-

wannar amaricanrradinhicton, com

mon return for each of the three
motors. Since that contact will be
carrying up to three times the cur-
rent of any one of the other brush-
es, having additional metal con-
tact area will help prevent arcing in
the return brushes.

The rotor brushes are made from
the movable contact arms of old
relays or leaf-type switches. They
are mounted on the lower disc
sandwich, sliding against the rings
on the upper disc sandwich.

After the discs are cut to size, drill
holes at the edges of the discs in
the approximate locations shown
in Fig. 2A. Those holes will take
screws and nuts to bolt the disc
sandwiches together. When drilling
the holes, it is a good idea to align
the discs in a stack and drill all of
the holes at the same time. That
way, the holes will line up correctly.
Screws and nuts will also be used to
bolt the lazy susan bearing to the
disc sandwiches. The size and loca-
fions of those holes will depend
upon the actual bearing you will
be using.

Bolt the upper disc sandwich
together first. Position the PC board
on the sandwich so that it is cen-
tered as closely as possible about
the bearing. Mark the holes where
the bearing screws will go through
the PC board and drill them out.
The bearing is then mounted on
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Fig. 4. The pivot bearing is simply a threaded rod that runs through an aluminum channel. Nylon
screw insulators for a TO-3 transistor act as the actual bearings. Angle brackets support the pivot

channel above the upper disc sandwich.

the upper disc sandwich.

Locate and drill three small holes
on the PC board. They should be
near the rims of each of the outer
rings. Wires will be Inserted through
those holes and soldered to the
rings later. The locations of the holes
are not critical. The only points to
keep in mind is that the brushes
should not ride over any solder joint
and that keeping the holes next to
each other makes for a neater and
more professional-looking job.

Position the brushes on the lower
disc sandwich as shown in Fig. 2C.
There should be two brushes per
ring. The brushes should also ride
close to the center of each ring.
Temporarily mounting the lower
disc sandwich to the lazy susan
bearing will help to locate the
exact positions of the brushes.
Once the locations are found, drill
the holes and mount the brushes
with screws and nuts. After the
brushes are mounted, the lower
disc can be boited to the lazy
susan bearing.

Bend the brushes into a slight
curve so that the contact points
rest fiat on the PC board rings. Very
little upward pressure from the
brushes is needed for good con-
tact, If the contacts are fiat, there
should be the same mechanical
resistance to rotational movement
regardiess of which direction the
rotor is turned. Apply a thin film of
non-conductive lubricant on the
PC board ring surface to reduce
friction and wear. The final assem-
bly goes together as shown in Fig. 3.

Building the Pivot Arm. The pivot
arm that is mounted to the top of
the rotor lets the Astro-Treker move
up and down for takeoffs and land-

ings. The construction details in Fig.
4 show how straightforward the
mechanism is. The pivot arm itself is
a U-shaped aluminum channel
about 20 inches long. Drill a pair of
holes across the channel walls at its
midpoint so that a short length of 6-
32 threaded rod can be used as a
pivot point. A pair of screw insula-
tors for a TO-3 transistor are used for
the pivot bushings. It might be nec-
essary to place locking nuts on the
ends of the threaded rod in order
to hoid it in place. You might also
need to place spacer washers
between the angie brackets and
the transistor insulators in case the
channel tends to “wobble.”

An additional hole wili be need-
ed at the bottom of the channel
near the center pivot, A grommet
will be inserted in that hole. The
grommet should be large enough
to let four 22-gauge wires pass
through.,

The pivot is mounted to the upper
disc sandwich with a pair of 1%-inch
angle brackets. Locate the brackets
in such a way that the pivot is as
centered as possible on the disc.
Just remember to keep the bottom
of the aluminum channel at least 1
inch above the top of the rotor to
allow sufficient clearance for full ver-
tical movement of the flyer.

Building the Base. A simple and
convenient way to make a solid
base for the Astro-Treker is to use a
small desktop-microphone stand.
To increase the stability of the base,
mount the stand to a piece of Y-
inch-thick plywood about 11 inches
in diameter. Mounting four rubber
feet to the underside of the ply-
wood will keep the Astro-Treker
from sliding around on a slick floor.

= I

An easy way to mount the micro-
phone stand to the bottom of the
gimbal is by using the microphone
holder that comes with the micro-
phone stand.The top section of the
plastic holder is a U-shaped piece
with two holes near the top. Using a
pair of 1%-inch angle brackets,
place two of their faces together.
Slide the bottom section of the T-
shaped structure down into the U-
shaped top of the microphone
holder. Align the holes from the two
angle brackets with the two holes
in the microphone holder. Insert an
appropriate size bolt through the
holes, and tighten the assembly
together with a nut and washer.
You might have to insert a few
washers in between the angle
brackets and the microphone
holder for a snug fit. The flat surface
formed by the top of the two angle
brackets can then be mounted to
the bottom of the gimbal with bolts
or screws the same way that the
pivot was mounted to the top of
the gimbal. The finished base will
look like Fig. 5.

Building the Fiyer. The fiyer itself is
a very simple design. Begin by cut-
ting out two identical sides from
some l/g-inch plastic sheet or similar
material. The pattern for the flyer is
shown in Fig. 6.

The suggested motors have two
tapped mounting holes in the front
end of their case. Using two 1-inch
angle brackets for each motor,
mount one angle bracket to each
motor mounting hole. The opposite
end of the angle bracket should be
pointing toward the rear of the
motor.

The pattern for the fiyer has three
flat areas—one at the top center of
the pattern and two that face at
45° angles at the upper corners.
The motors will be mounted at
those locations. Starting with one
pre-cut side, mark a driling location
for one of the angle brackets that
are attached to a motor. The motor
should be centered within the fiat
edge, and the end of the motor
that the brackets are attached to
should be even with the edge of‘
the side. Mark drilling locations for
the other two motor locations.

Holding both patterns together,
drill through the marked locations.
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Both sides will now be exact mirror
images of each other. Mount the
motors to the sides with appropri-
ate screws and nufs. Tighten the
motors down securely.

The shape of the flyer was
designed with the recommended
motors and propeliers in mind. If
you want to use a different shape
or different hardware, there are
several design points to keep in
mind. The motors should be mount-
ed at equal distances from each
other, the two outer motors should
face outward at a 45° angle, and
the propellers should not strike any-
thing on the flyer—including other
propellers!

The suggested propellers are
excellent for the Astro-Treker. They
are well balanced, flexible to the
point of being almost unbreakable,
rubbertipped for additional safety
(an important consideration if little
children will be around), and they
press-fit very tightly onto the motor
shafts without any modification.

The balance rod is a 6%-foot
length of %-inch o.d. aluminum
tube. The Astro-Treker’s travel path
will be about 6-feet 8%-inches in
diameter including the flyer. If you
don’t have the available floor
space for something that large, sim-
ply reduce the length of the bal-
ance rod. The actual length of the
balance rod will not affect the oper-
ation of the Astro-Treker. However, a
longer rod will make for a more
impressive device. Drill a hole in the
balance rod large enough to pass
four wires. Locate the hole at about
the center of the balance rod.

The flyer is mounted to one end
of the balance rod with two small
angle brackets using similar tech-
niques that were used for the pivot
and the gimbal. It is a good idea to
place a few rubber grommets be-
tween the angle brackets and the
fiyer in order to reduce any vicra-
tion that might be generated by
the motors and propeliers. Make
sure that the hole that was drilled in
the center of the balance rod
faces down. That way, the wires for
the motors will be hidden when the
balance rod rests on the channel.
Before mounting the flyer perma-
nently o the balance rod, a hole is
needed in the side of the flyer
where the balance rod meets the
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Fig. 5. The Astro-Treker’s base is built around a desktop microphone stand.

fiyer. That hole will be passing the
wires between the motors and the
gimbal.

A counterweight is mounted to
the opposite end of the balance
rod. It should be a little heavier than
the flyer and can be constructed
from any convenient weight that
can be mounted on the end of the
rod. One example is to use a set of
large washers mounted on a bolt or
scrap piece of threaded rod. One
end of the bolt is then inserted into
the hollow end of the balance rod
and aftached in any convenient
manner.

Test the balance of the flyer and
the counterweight by placing the
balance rod on the pivot arm. Slide
the balance rod back and forth on
the aluminum channel until the
counterweight and shuttle are bal-
anced horizontally. If the balance is
correct, the distance from the pivot
center to the outside face of the
shuttle will be about 2 inches longer
than the distance from the pivot
center to the outside face of the
counter-weight. If the balance is
wrong, add or remove washers from
the counterweight as needed untii
the correct balance is achieved.

Building the Control Panel. The
control panel is very simple from
both a design and a construction
standpoint. Since there are very
few components that can be
mounted on a PC board, one is not

www americanradiohistorv com

used; the entire unit is hand wired.
Simply follow the schematic dia-
gram in Fig. 1.

If you want, you can use a single
24-volt center-tapped transformer
that can supply at least 3 amps. That
would eliminate the need for two
additional diodes. Unfortunately, a
single transformer of that size will not
fit inside the suggested enclosure.
The fransistors need to dissipate
about 13 watts each under the
worst-case conditions. Those com-
ponents need to have adequate
heat sinking.

Wiring and Final Assembly. The
final wiring simply consists of con-
necting the outputs from the control
panel to the individual motors. A
good choice for the wire is 22-
gauge stranded wire used for alarm
systems. It is very flexible, durable,
and can easily handle the current
loads of the Astro-Treker.

A four-wire cable about eight
feet long runs from the control
panel to the base of the gimbal.
The length can be adjusted to your
own preference; however a longer
cable will let the operator sit on a
nearby chair while using the Astro-
Treker. A way to disconnect the
control panel might be a good
idea, so that the Astro-Treker can
be disassembled and stored away.
A spring-loaded stereo-speaker ter-
minal strip mounted on either the
contfrol panel or the microphone
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base is ideal.

The bottom of the rotor has eight
bolts for the eight brushes and four
bolts for the center bearing. Wire
the two innermost brushes to one
of the bolts used for the bearing.
Suitably-sized lug terminals can be
used to make the connections.
Wire the other pairs of brushes for
each ring in the same manner. The
control wires (or the wires from the
optional terminal strip) are then
connected to the brushes. The
common return wire must be con-

completed, the three wires can be
glued permanently in place with
caulk or epoxy filler, which acts as a
strain relief. The fourth wire (circuit
common) is connected to the most
convenient one of the four bolts
used to mount the upper disc to
the upper plate of the bearing.
Bundle the wires together and
feed them through the grommet in
the channel. Enough slack should
be left to form a loop for fiexibility.
Lay the wires in the channel and
run them out to the closest end.
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Fig. 6. Here is a suggested pattern for the flyer’s body, drawn half-size. The landing feet are shaped
like hooks so that the flyer can be used to pick up and move ohbjects that have wire loops in them.
The three flat surfaces at the top show where the three motors are to be mounted. The locations are
designed to prevent the propellers from striking each other.

nected to the innermost brushes
that are connected to the bearing.
The other connections can be
made in any order.

Cut four 22-inch lengths of wire.
Strip @ smail length of insulation
from one end of each wire. Insert
the wires into the holes that were
drilied in the upper disc sandwich.
Solder them to the outside edge of
each ring. If done properly, the
brushes have been adjusted to ride
in the center of each ring, so they
won't hit the solder joints. When

Each terminal on the fiyer motors
is marked with a *+” and "-" symbol.
The "-"terminals on all three motors
are soldered together with lengths
of wire, Estimate the length of wire
needed to run from the flyer
motors, through the balance rod.,
out the hole in the center of the
balance rod, and out to the end of
the pivot channel. That end of the
pivot channel will be the end clos-
est to the counterweight, so the
wire lengths running from the shut-
tle will have to be longer than you

might think. Add about a foot or so
to the estimated length and cut
four wires. One wire is attached to
the common negative terminals of
the three motors. The remaining
three wires attach to the positive
terminals.

Route the four motor wires
through the hole in the side of the
fiyer and into the balance rod.
Feed them through the hole in the
center of the balance rod. lay the
balance rod on top of the pivot
channel, and route the wires out to
the same end of the channel as
the four wires coming from the top
of the rotor.

Connect the common wire to
the innermost brush wire. The other
wires are to be connected to their
respective control wires as shown in
the schematic diagram of Fig. 1. If
you lose track as to which wire
goes where, a simple continuity test
with an ohmmeter will identify the
individual wires. For example, the
wire connected to F2 should con-
nect to the *+ terminal of the cen-
ter motor.

The balance rod can be attach-
ed to the pivot channel by several
methods. Tie wraps can be used for
a permanent mount, with the wires
soldered together. To make the
Astro-Treker easy to dismantle and
store, you could use rubber bands
or small hose clamps instead of tie
wraps. Very little pressure is needed
to hold the balance rod in place.
For that arrangement, a four-con-
ductor plug is needed for the wiring
connections.

Testing and Set-Up. Electrical test-
ing of the Astro-Treker is simply a
matter of rotating the three speed
control potentiometers on the con-
trol panel and verifying smooth,
minimum-to-maximum speed con-
trol of each associated motor/pro-
peller. At maximum speed, a DC
voltmeter should indicate about
10.5 volts DC applied to each
motor. Maneuvering action of the
flyer largely depends upon the
position of the balance rod. As the
balance rod is moved forward, the
apparent weight of the flyer is
increased. That will increase the
response time and maneuverabili-
ty. Sliding the balance rod back will
have the opposite effect on the
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Astro-Treker. A little experimental
operation will provide a good feel
for where the best position for the
balance rod should be.

Using the Astro-Treker. With three
simple conftrols, flying the Astro-
Treker is somewhat self-explanato-
ry. For vertical flight, the obvious
choice is to activate the center
propeller. A less obvious methad is
to use both outboard propellers at
equal thrust, Since they are mount-
ed at an angle, they will provide
both upward and sideways move-
ment, If one motor is running fcster
than the other is, the flyer will start
drifting sideways in one direction.

Moving sideways can become a
bit trickier, especially if you are
attempting to move in a straight
line without losing or gaining alti-
tude. As one of the outboard
motors is activated and begins to
add thrust to the flyer, the thrust
from the center motor should be
cut, That will compensate for the
additional vertical thrust from the
outboard motor.

To slow down over a target with-
out changing altitude, increase the
thrust on the motor facing the
“rear” of the flyer while cutting
power to the motor at the “front”.
That way, reverse-thrust “brakes”
can be applied while maintaining
the overall balance of vertical
thrust.

The bottom-line effect is one of
actual interactive flight. With a little
practice, the operator can precise-
ly control the fiyer position for a vari-
ety of skilled maneuvers, including
landings. takeoffs, hovering. trans-
portation of “cargo” objects, or
even "space war” games.

Games. "Cargo” objects can be
devised that can be hooked with
the fiyer's landing feet. Space toys
or other objects can be modified
for that purpose by placing a loop
of wire through them.The weight of
the objects will have a profound
effect on lift, speed, and inertia of
the Astro-Treker. In addition, the size
of the wire loop placed through
the cargo object will affect the
degree of difficulty in pick-up and
release. By varying the weight and
loop-size of the cargo, the skill level
of game play can be infinitely

PARTS LIST FOR THE
ASTRO-TREKER

CONTROL PANEL

T1. T2 24-volt, 2-amp cener-lapped
transfommer (RadioShack 273-1512
or simildar)

Dl-DM—b-amp, 5i-volt PIV diodes
{RadioShack 276-1661 or similar)

R1-R 3500t 1y-wall poten
Aiveneter (RadinsShatk 271-1714 or
sitmilar)

1, 133, 5-2N3054 transistor

(32, (4, (——2N305S transistor

Fi—1-amp fuse

F2-F4—3-amp fuse

51—SRingle-pole, single-throw swilch,
5 ampy

P1.1—2-conductor line cord

ADDITIONAL PARTS

AND MATERIALS

MOTT-MOT3 —18-volt DC high-
speed motor (RadioShack 273-256 or
similar)

Heatsink, cabinet (RadioShack 270-
216 or similar), fuse holdery
{RadioShack 270-738 or similar).
knobs {RadioShack 274-42 or sini-
Yar), strain relief. fansistor-mounting
hardware, y-inch plasic sheet
{Parls Express 265-%4% or similar), 5-
inch propeflers C'PROPSHOT toys
Mix, 9159, distributed by Lanard
Towys, 101 5. Sterling Terrace, Sugar
{reek, MO 64034, or similar). 1-inch
angle hrackets, 1%:-inch angle brack-
2ts, Yeeinch ® Sy-inch aluminum
channel, ¥-inch o.d, aluminum (ube.
washers, 6-32 threaded rod, TO-3
irylon transistor screw insulators, PC
board, 3-mch lazy susan bearing,
microphone stand (RadioShack 33-
FT0 or simelary, microphone stand
acdapter (RadioShack 33-4005 or sim-
ilar), Ye-inch plywood, rubber fect. 4-
position speaker rerminal (Radio-
Shack 274-6322 or similar), 22-pauge
stramabed wire (RadioShack 27H-B62
i similar). brashes, etc.

MNOTE: The following items are tvail-
able from SEAL ELECTROMNICS,
PO, Box 268, 3894 Kentucky KL
466, Weekshury, KY 3166741268,
Tel: 6lM-432-4135: Setof 3 pro-
pellers, $12.00 plus $4.50 shipping
amd - handling charpe: Transisio-
Heatsink Assembly with 1-06 and
theee Tuse holders pre-mounted to-a
4 ¥ 9 ¥ %-inch heatsink within-
structions. $15.50 plus $5.00 ship-
ping and handling charge: pre-fabr-
ealed Gimbal Assembly includes all
parts, handware, and 20-inch chammel
pivel lever with instructions (minor
assemnbly required), $38.50 plus 55,50
shipping and handling charge.
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altered by the operator as his or her
skill increases with experience.
While small children can be
entertained for hours by just *flying”
the shuttle, older children and adults
enjoy challenging themselves and
each other to the skill required pick-
ing up and fransporting objects.
Inexpensive plastic  dining-table
place mats make excellent imagi-
nary “planets” for landing and tar-
geting purposes. Depending on the
acquired skill level of the game
player, maneuvering action and
control response can be very rapid.

Options and Modifications. While
the Astro-Treker itself is visually im-
pressive, various modifications and
additions can add to the visual
effects and enhance the games
that can be played. For example,
LEDs in various colors can be placed
on the flyer and can be wired in par-
allel with the motors. One particular-
ly striking effect is to use three high-
brightness LEDs, such as RadioShack
276-206s. Put one wired in parallel
with each motor, and mount them
so that they are pointing down
toward the landing feet of the fiyer.
A 33-ohm resistor should be con-
nected in series with each LED to
provide the necessary current limit-
ing. The effect is an illusion of orange
fire exhausting from the bottom of
the flyer that varies in intensity as the
motor speed changes. Flashing
lights or other lighting that is more
dramatic is possible, limited only to
your imagination.

Another option is to connect an
electromagnet, such as the coil
from a small 12-volt DC relay. in par-
allel with the center motor. The
electromagnet is mounted to one
of the landing feet of the flyer and
is used for picking up and dropping
iron-bearing metal objects. Since
both directional motors provide
substantial lift as well as direction,
the shuttle can be maneuvered
without the use of the center
motor. The goal in that case would
be to fly over a small metal object.
pick it up with the electromagnet
by starting the center motor. trans-
porting it to a target location, and
drop it on the target by stopping
the center motor. Such a maneu-
ver can be quite tricky because

Continued on page 44
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great way to get into the spirit

of the Holidays is by building this
electronic Christmas ornament. This
project makes a great conversation
piece that also gives you practice
working with surface-mount compo-
nents.The ornament is shaped like a
miniature tree with multi-colored
fiashing LEDs that twinkle just like the
real thing! The entire circuit is pow-
ered by a coin-cell battery. The
ornament is small enough to be
hung on your Christmas tree or
around your neck at your favorite
holiday party. Either way, it's guaran-
teed to attract lots of attention!

Circuit Description. The schematic
diagram in Fig. 1 shows the simplici-
ty of the Twinkling Ornament. The
circuit is based on the HT2030
CMOS LED-driver chip from Holtek
Microelectronics Inc. That surface-
mount chip contains a built-in oscil-
lator, sequencing logic, and output
drivers for three LEDs. Two chips (IC1
and IC2) are used to get a twink-
ling effect from six LEDs.

The circuit is powered by B1, a
single 3-volt lithium coin-cell battery.
Resistors R1 and R2 limit the current

DNILD THIJ

DAVID WILLIAMS

drawn by the LEDs. Momentary
push-button switch S1 toggles the
display on and off. Each HT2030
draws less than 1 microamp of cur-
rent when in the standby mode.

FA TN

TWINKLING

NOLIDAY

OKNAMENT

An electronic Christmas
ornament is just the thing

to brighten the tree
this Holiday!

Working with Surface-Mount Com-
ponents. Working with surface-
mount components requires proper
tools and materials. You will need a
soldering iron, a vise, tweezers, and a
magnifying glass. The soldering iron
should have a rating of 25 to 35

Ty
A
el

et

ALk

IC1
HT2030

Ea

— TS
LA

1m0

1

IC2
HT2030

Fig. 1. The Twinkling Ornament is built around the Holtek HT2030. That surface-mount device con-
tains all of the circuitry needed to flash three LEDs in sequence.

www americanradiohistorv com


www.americanradiohistory.com

watts with a fine conical tip about
1 inch in diameter. The materials
required are solder, a drop dis-
penser, liquid flux, and a flux
remover.

The solder should be a very fine
wire type (no thicker than 0.02 inch-
es in diameter) and should have a
63/37 tin-lead mixture for best
results. Tin-lead solders that are
made up of 63% tin and 37% lead
are called eutectic solders. Normal-
ly, when solder is melting, it has what
is called a pasty range in which it is
part solid and part liquid—very
much like the slush formed by melt-
ing snow. Eutectic solders do not
have a pasty range—they go from
liquid to solid and back all at once.
The big advantage to eutectic sol-
ders is that it is almost impossible to
maoke a cold-solder or disturbed

PARTS LIST FOR THE
TWINKLING HOLIDAY
ORNAMENT

R, R2—I-ohm, 5%, -watt,
surface-mount resisior

1O, KO HT2030 3-LED Flash Driver
IC, surface-mount  Holtek }

LEDI-LED6—Light-emitting diodes,
size T=1, various colors (sce text)

S1-—Push-button switch, surface-mount
(Digi-Key SW416-NIor similar)

B 1-—3-volt lithium coin-cell battery,
size CR 1220 (RadioShack 23-188 or
simnikar)

Printed-circut board, 12-millimeter
eoin-eell battery holder (Digi-Key
FONCC-NDY or similar), solder, etc.

Note: The follewing items are available
from LNS Technologies, 20053
Foothill Blvd, Suite 307R, Hayward,
A 94541-1511; Tel: R0O0-B86-T150:
Complete kit of parts including
etched and drilled printed circuit
board, switch, batery holder, 105,
and all other components listed above
(XMASTREE-KIT). S18.00; IC,
102, (ICHT2030), $4.00 each; PO
board only (XMASTREE-PCB)L.
$7.00, Please add $5.00 for shipping
and handling. California tesidents
add appropriate sales tax. MasterCard
and Visa onlers are accepted. Mo
CLOn1D, orders will be accepled.

The HT2020 1€ is also available from
Adltronics, 2300 Fanker Rid. San
Jose, CA 95131, Tel 408-934.9773,

LEDZ"

N

LED3"
i
1
I
R2 |
R1
LEDS" | Ji
| 2
2\
*SEE TEXT

LEDB"

LED4"
o1&
S1 \\

Fig. 2. The Twinkling Ornament uses a combination of surface-mount and through-hole components.
Since all components except the LEDs mount on the foil side of the board, a foil-side view is shown

in this parts-placement diagram.

joint—one in which the lead has
been moved while the solder was
solidifying. Those types of joints are
usually a dull gray in appearance.
They have not made a good chem-
ical bond between the lead and
the PC board, and will soon fail to
conduct electricity.

The best way to solder a sur-
face-mount component to a PC
board is to first apply a tiny amount
of liquid flux to one PC board pad
using the drop dispenser. Then,
using the soldering iron and solder,
“tin” the pad by creating a small
pool of solder on the pad. Let the
solder solidify.

Pick up the surface-mount
component with a pair of tweez-
ers and position it in the proper
location over the pad. Next, use
the soldering iron to reflow the sol-
der so that the component sinks
into the solder pool. Remove the
iron and let the soider cool. The
component will be held in place
on the board. The rest of the part
can then be soldered in the tradi-
tional manner.

The process might sound difficult,
but with the aid of a magnifying
glass and a little patience, things
should go smoothly.

wwWwW americanradiohistorv com

Surface-Mount PC Board Fabri-
cation. Since the Twinkling Orna-
ment uses a combination of
through-hole and surface-mount
components, an etched circuit
board is a must, Fabricating an SMT
circuit board is identical to making a
traditional single-sided board; how-
ever, since the component pads
and fraces on an SMT board are
smaller and more delicate, etching
must be done very carefully. Check
the etching process frequently to
avoid any over-etching that could
damage the copper traces and
check each trace for continuity
after the board is finished.

If you don’t want to fabricate
your own board, a pre-etched one
can be purchased from the source
glven in the Parts List.

Construction. Now that you know
how to work with surface-mount
components, it's time to start
building the Twinkliing Ornament.
The parts-placement diagram for
the twinkling ornament is shown in
Fig. 2. With the exception of the
LEDs, all of the components will be
mounted on the foil side of the
board. For that reason, the parts-
placement diagram that is shown
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here is a view of the board from
the foil side.

Begin by using a piece of insulat-
ed solid wire for the jumper wire. The
jumper wire is installed on the foil side
of the board. After soldering it in
place, clip the excess leads flush with
the opposite side of the board. Install
and solder R1 and R2 in the same
way. Then attach IC1 and IC2, mak-
ing sure to orient pin 1 of each IC as
shown in Fig. 2, using the surface-
mount fechnique described earlier
in this article.

You'll also use surface-mount
techniques to attach the battery

Here's the complered ornament. Whether hung
on a tree, worn around your neck. or used in
some other decorative wav, it can add a touch of
electronic sparkle to vour holidavs.

holder to the PC board. Make sure
that the open end of the battery
holder is facing away from the top
of the tree so the battery can be
inserted from the bottom. Next,
mount push-button switch S1. The
LEDs are mounted on the compo-
nent side of the PC board in the
conventional manner. You can use
LEDs of various colors for a more
realistic effect. Since LEDs are polar-
ized, make sure to observe the
proper orientation.

The finished Twinkling Ormament
will only have the LEDs visible from
the front of the unit—the rest of the
circuit will be hidden on the back
of the board.

Checkout and Use. Before testing
the Twinkling Ornament, clean any
flux from the foil side of the board
with a flux remover or alcohol.
Examine the assembled board to
make sure that there are no solder
bridges or cold joints. Install the bat-
tery by sliding it into the holder with
the negative side against the PC
board. Turn the Twinkling Ornament
on by pressing S1.If all is well, the six
LEDs on the unit should begin blink-
ing at once.

If some LEDs blink but others do
not, check to see if the LEDs are
installed correctly. If all three LEDs
on one of the ICs do not work,
check the connecticns around
that IC. The resistor for that IC

1

L____.-— 2-5/16-INCHES ——»‘

The tree-shaped Twinkling Ornament uses a single-sided PC board 1o hold hoth the surface-mount

and through-hole components.
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should also be checked. It is also
possible that the IC is defective.
When replacing an IC, be careful
not to overheat the chip. Semi-
conductors—especially  surface-
mount [Cs—are very sensitive to
heat.

If neither circuit is working, there
might be a problem with the bat-
tery or its holder. It is also possibie
that both ICs are defective—espe-
cially if they were overheated. It
could also be that ALL of the LEDs
were installed backwards—a fairly
common thing to do if the polarity
markings were misidentified to
begin with!

The PC board has a smaill hole at
the top that can be used to attach
the Twinkling Ornament to a hook
or necklace loop. You can use your
imagination to decorate the com-
ponent side of the board. Try paint,
glitter or perhaps a dark green
plastic or cardboard overlay. No
matter how you decide to deco-
rate it, your holiday ornament will
probably be so popular that you
will need to build extras for your
family and friends! Q

ASTRO-TREKER

{continued from page 41)

the center motor will speed up as
the electromagnet is energized. If
the metal object is of sufficient
weight, the additionat lift provided
by the center motor will be can-
celed out by the weight of the
object. It can be more fun and chal-

lenging to choose items whose

weight is not proportional to the lift
generated by the center motor. That
would need rapid compensation
from the directional motors. With the
addition of another brush/ring con-
tact, the electromagnet can be
powered independantly of the
motors.

The basic concept of the Astro-
Treker can be used for constructing
a variety of action games and toys.
The easy-to-build rotor can also be
used in robotics, displays, rotating
signs. and science projects. However,
you'll probably be having way too
much fun with the Astro-Treker to
worry too much about practical
applications. Q
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V antennas are directional.
I They receive strongly from
one direction and reflect sig-
nals from other directions. The
direction an antenna receives best
from is the direction closest to the
shortest element of the antenna. If
you live in an area where TV sta-
fions are scattered all around you,
you probably have a motorized
antenna rotator that lets you paint
your antenna in the direction of the
TV station that you're watching.

You've probably also noficed
something annoying about anten-
na rotators. Although the TV, VCR,
stereo, and everything else in your
home-entertainment system can be
operated by remote control, the
antenna rotator requires a trip to the
control box to get the picture right.
It's almost impossible o remember
where all the “sweet spots” are for
each station. Televisions might be
using the latest 1990s technology,
but antenna rotators are still tech-
nologically back in the 1950s. What
would be great is fo have an anten-
na rotator control that can be oper-
ated by the remote control.

The Remote-Confrolled Rolor
(RCR) is just such a device. It brings
the control of your antenna to your
fingertips with the use of a program-
mable-infrared remote control. It
substitutes for the mechanical con-
trollers typically used in the home. It
has the added feature of channel-
direction memory. Channel direc-
fions can be taught to the RCR 30
that a particular direction can be
recovered whenever you want o
tune a channel in again.

Based on microcontroller tech-
nology, the Remote-Controlled
Rotor is small enough to be tucked
among a collection of videotapes.
It has been tfested with Channel
Master, Alliance, and RadioShack
rotators. It has also been tested
with various “universal”-type pro-
grammable remote control.

Circuit Description. The schematic
diagram of the RCR is shown in Fig.
1. 1t is built around IC4, a PIC16C56
microcontroller. The program
burned info it decodes the infrared
signals and decides how to respond
The author would like to express his appreciation

to Bruce Jones for his help and assistance in the
testing of this project.

BuiLD A REMOTE
CoNTROL FOR YOUR
ANTENNA

Program your antenna direction
to pick up any TV station just by selecting
the channel number on your remote control!

to them. The controller is clocked by
XTAL1, a 4-MHz ceramic resonator.
Since the software is designed
around that exact clock speed, a
faster or slower clock would keep
the controller from decoding the IR
signals or timing the antenna rota-
fions properly.

Infrared signals are received by
IC1. That component is a self-con-
tained, shielded unit. Any infrared
signals that IC1 picks up and recog-
nizes are sent as a stream of serial
information to IC4. The shield of IC1
is vital to proper operation of the
chip. The internal circuitry has very
high impedance. If it is left unshield-
ed, it will pick up stray electronic
noise that will garble any IR signals.

Three LEDs dis-
play the Remote-
Controlled Rotor’s
status. Whenever
the store, enter, or
mute button is
pressed on the re-
mote control, LED3
lights. It shows that
the RCR is prepared =—

WILLIAM G. GRIMM
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fo store an antenna position. The
On/Run LED, LED2, is on as long as
the RCR is on and flashes when the
rotator is turning. It can be shut off
by pressing the On/Off buftton of
the remote control. The Channel
LED, LED1, lights whenever the first
digit of a two-digit channel number
has been pressed on the remote
confrol.

The LEDs are lit one at a time. If
more than one is lit at the same
fime, they are flashed in sequence
at a high rate so that the flicker is
not notficeable. That allows them to
share RS as a single pull-up resistor.

Sharing some of the PIC control
lines with the LEDs is IC3, a serial
EEPROM. It is used to store channel
directions and the current direction
of the antenna. Storing the current
antenna position lets the RCR
recover gracefully from any power
outages without having to recali-
brate the system all over again. The
EEPROM is only used when its select
line (pin 1) is high. The data transfers
and clock pulses to the EEPROM will
also light the LED, but since those
signals are hidden within the LED
mulfiplexing, any disturbance in the
LEDs will be very hard to notice.

The RCR is designed to work with
two types of rotators—those that
have feedback and those that are
synchronous. If the RCR is connect-
ed to a synchronous rotator, it mea-
sures the amount of time that the
rotator is energized. A synchronous
rotator turns a set amount per sec-
ond. Knowing how long the rotator
has been running makes it easy to
figure out how far it has furned.

The other type of rotator that
the RCR can work with is one that
puts out feedback pulses. With that
type of rotator, it is a simple task to
count the number of pulses. The
pulses from a feedback rotator are
connected to the RCR through J5.
An R-C noise filter (R3 and C4)
removes noise from the feedback
signal. Valid pulses are buffered by
R1 into ICA4. If you are using a 3-wire
synchronous rotator such as those
from Channel Master or Radio-
Shack, the feedback circuit is obvi-
ously not used. However, it will be
needed if a feedback-type four-
wire system such as older Alliance
rotators will be used with the RCR.

Actual rotator control is handled

J1
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Fig. [. The Remote-Controlled Rotaror lets you control your antenna rotator with a remote contral.
A microcontroller chip reads the infrared pulses with an infrared sensor module and spins the anten-
na as needed. Individual settings for channels 2 10 69 can be stored and recalled. You can also set
the antenna to point directly North, South. East, or West.

by RY1 and RY2. The higher-current
output pins of IC4 are used to drive
the relays. Two lines are wired in
parallel. That will supply enough
drive current for the relays. Any
inductive “kick” from the relays
when they are turned off is shunted
by D1 and D2. Transients from the
relay coils are absorbed by Cé6 and
C7. Without them, the processor
would reset itself each time a relay
turns off. Capacitors C1, C2, and C3

are an arrangement of motor-run
capacitors. Their operation and
selection will be discussed Iater.
The power supply uses an 18-volt
1-amp transformer. Note that the
rotators will run hot if 24 volts is
applied. Half-wave rectification s
used so that a common ground
can be maintained with the rota-
tor. The rectified voltage is reguiat-
ed for the logic circuits and relays
by IC2, a 5-volt regulator. Any fow
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frequencies in the supply are fil-
tered by C8 and C9, with C5 filter-
ing the high frequencies.

Construction. The method chosen
to build the RCR is not critical. No
space- or frequency-sensitive com-
ponents are involved. The easiest
method is to use a single-sided cir-
cuit board. A foil pattern has been
provided should you wish to etch
your own board. Pre-etched boards
are available from the source given
in the Parts List, as are several of the
more unusual items, such as a gre-
programmed microcontroller chip
and an infrared-transparent bezel
for the case.

If you use a pre-etched board
or fabricate one from the foil pat-
tern, the parts-placement diagram
in Fig. 2 will show you where ihe
components are located. The
board has a breakaway portion.
That breakaway portion will form a
back panel that will fit into a
PacTec JM-42 project box. Start by
breaking the back panel off the
board at the perforations. Solder all
of the components to the board.

When soldering the compo-
nents onto the board, it is easiest to
start with the smallest parts first. A
jumper wire between IC3 and LED3
is a good starting point, followed by
the resistors and diodes. If you have
difficulty finding the regulator spec-
ified for IC2, you can use a stan-
dard LM7805, but you'll have to
bend the IC over a bit in order to
make it fit within the suggested
enclosure. A larger enclosure can
also be used, but you'll then have
to design a different back panel
that will fit around the connectors.

Microcontroller IC4 needs to be
programmed with the RCR instruc-
fions before it is installed in the
board. As mentioned, a pre-pro-
grammed part is available from the
source given in the Parts List. If you
are able to program a PIC chip, the
source and object codes are both
available from the Electronics Now
FTP site (ftp://ftp.gernsback.com/
pub/EN/rcr.zip).

Jumper JP2 selects the type of
infrared commands to which the
RCR will respond. If JP2 is shorted,
the unit will respond to Teknika TV
commands. With JP2 left open, the
commands will be for a M/A-COM

PARTS LIST FOR THE REMOTE-CONTROLLED ROTATOR

SEMICONDUCTORS

1C1—LTM8834-7 (LiteOn) or
GP1U521Y (Sharp) 40-KHz-carrier
infrared module (Digi-Key LT1060-
ND or similar)

1C2—L78MO05CX 5-volt voltage
regulator, integrated circuit (Mouser
511-L78MO5SCX or similar)

1C3—93C46 serial EEPROM, integrated
circuit

1C4—PIC16C56-XT/P programmed
microcontroller, integrated circuit

D1, D2—1N4148, silicon diode

D3—1N4001, silicon diode

LEDI-LED3—Light-emitting diode,
red, right-angle mount

RESISTORS

(All resistors are 'f-watt, 5% units.)
R1—100,000-ohm

R2, R3—1000-ohm

R4—220-ohm

CAPACITORS

Cl-—optional, see text

C2, C3—33-pF, 35-WVDC, non-polar-
ized, electrolytic

C4, C5—0.01-pF, ceramic-disc

C6, CT—1-pF, metalized polyester

C8—120-pF, 35-WVDC, electrolytic

C9—47-pF, 10-WVDC, electrolytic

cable-converter box. The choice
depends upon the type of univer-
sal remote control you will be using.
Once you decide what type of
arrangement will be best for your
setup, set JP2 accordingly.

Jumper JP1, on the other hand,
simply connects C1 into the motor-
run capacitors. Its use, along with
C1, will be discussed in the section
on motor-run capacitors. It is only
needed if you have to use the
optional C1 capacitor in order to
create a custom motor-run capac-
itor value. For now, leave C1 out
and do not short JP1.

Once all of the parts have been
soldered to the board, inspect your
work carefully, Place the back
panel over the connectors and
mount the board and back panel
into the enclosure. If you are using
the suggested enclosure or anoth-
er enclosure that the back panel
will fit into, you might have to file or
sand the edges of the panel in
order to get it to fit.

Place the infrared-fransparent
bezel in the front of the enclosure
and close the unit. The Remote-

ADDITIONAL PARTS

AND MATERIALS

J1—Power connector for transformer

J2-J5—Right-angle screw terminals
(Mouser 534-8190 or similar)

JP1, JP2—2-pin jumper posts

RES1—4-MHz ceramic resonator
(Panasonic EFO-EC4004A4 or
similar)

RY1, RY2-—S5-volt single-pole, single-
throw relay (Omron G6B-1114P-US-
5VDC or similar)

19-volt, 1-amp AC wall-mounted
transformer, enclosure (PacTec JM-42
or similar), infrared-transparent lens,
jumper blocks, PC board, solder,
hardware, etc.

Note: The following items are available
from: Remote Control Rotator, 12811
Bluhill Road, Silver Springs, MD
20906: full kit (not including remote
control or rotator), $55.99; printed-cir-
cuit board with back plate, $21.27;
pre-programmed IC4, $9.00. A limit-
ed number of remote controls are also
available for $3.49. Please add $5.00
shipping and handling. Maryland resi-
dents please add appropriate sales tax.

Controlled Rotator is now ready for
testing and setup.

Testing and Setup. Follow your
programmable remote control’s
instructions to set it up as a M/A-
COM cable converter or the oldest
type of Teknika TV. The choice
depends upon how you set JP2.

The RCR takes the place of the
old rotator-control box. Simply dis-
connect the control wires from the
old box and connect them to the
RCR. Typically, the wires on most
rotators are numbered from 1 to 3
or 4, and are connected the same
way. On the RCR, wire 1 goes to J2,
wire 2 goes to J3, wire 3 goes to J4,
and wire 4 (if present) goes to JS.

Connect the wall tfransformer to
J1. Plug the transformer into the
most convenient outlet. The On/Run
LED should come on.

if you have a 4-wire rotator
(such as Alliance), you might need
to press the channel-up and then
the channel-down buttons, That will
get the RCR to figure out that a 4-
wire motor is connected to it.

Press “9” then “1” (referred to as
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The foil pattern for the Remote-Controlled Rotator also has a back panel that can be snapped off
and used on the case. The square holes in that part of the board will match up with connectors

J1-J5.

"Q1” from here on) on the remote.
The LEDs should start blinking, indi-
cating that the rotator is moving.
The RCR and the rotator are syn-
chronizing themselves. That should
last for about a minute or so.

If the unit does not work, check
your work carefully. Polarized com-
ponents must be inserted correctly.

If the RCR seems to work but the
rotator doesn’t spin the antenna,
check that the wires are connect-
ed properly. There is also a possibili-
ty that one or more of the control
wires has broken, especially on an
older installation. Old wire might
work OK as long as it is not dis-
turbed, but brittle insulation could
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Fig. 2. Here's the parts-placement diagram for the Remote-Controlled Rotator. The entire circuit fits
onto a single-sided board with only one jumper needed.
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crumble, resulting in a short.

Dont be in too much of a hurry
to get on the roof to replace the
old rotator motor. The motors are
designed for extended exposure to
the elements, and are far more
durable than the control boxes. If
the motor does need replacement,
you can check with a local Tv-
repair shop or electronic-appliance
store for new motors. You could also
contact the original manufacturer if
you do not want to try a different
brand.

Installation and Use. The RCR can
sit near the television, tucked into
any unobtrusive location. The only
important thing to remember is that
IC1 must be able to “see” the
infrared pulses from the remote
control. Depending on the RCR's
location and the room itself. direct
line-of-sight might not be neces-
sary. Sometimes the infrared pulses
will reflect strongly off a white ceil-
ing and still be bright enough for
the RCR to successfully detect
them. Simply connect it up and
press “91” to synchronize the rotator
to the RCR.

By pressing “70,"71,"%72,"*73,” or
"74" you can aim the antenna
counter clockwise North, East,
South, West, and clockwise North
respectively. Those preset directions
can be used to find the best recep-
tion for a particular TV station. Those
special channel directions are:

70—counter-clockwise North

71—East

72—South

73—West

74—clockwise North

If you know that a particular sta-
tion comes from a city to the east,
for instance, press “71”. Using the
channel up and channel down
buttons, adjust the antenna posi-
tion for the best picture.

With the Teknika TV-set arrange-
ment, the “"Mute” button acts as the
command to store a channel direc-
tion. With the M/A-COM cable-con-
verter option, the “Enter” button is
used to store the channel-direction
information. To store the direction of
a TV station, press the “Enter” or
“Mute” button and the two digits for
the station number. Alternately, you
can also press “99” plus the two-

Continued on page 62
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he compact disc (CD)
I opened up a whole new
world of possibilities for the
PC. Those simple, mass-produced
plastic discs could hold up to an
hour of stereo music, or as much as
650MB of data. Software makers
quickly found the CD-ROM to ke
an outstanding medium for all
types of multimedia applications,
large databases, and interactive
games. But today, the CD-ROM is
showing ifs age, and a single CD no
longer provides enough storage for
the increasing demands of data-
intfensive applications. Fortunately,
a new generatfion of high-density
opticai storage media, called DVD,
is now appearing. The home-enter-
tainment applications of DVD,
which alternately has been
defined as "Digital Video Disc” and
“Digital Versatile Disc,” have been
well publicized. But more important
to computer users is that DVD tech-
nology promises to supply up to
17GB of removable storage for your
desktop PC.This article explores the
background and workings of DVD,
particularly for computer applica-
tions; shows you the steps for
instaling a DVD package in your
own PC; and offers some basic
froubleshooting that can keep you
out of trouble.

Lots of Promise. The argument for
DVD is a compelling one because
having gigabytes of removable

{DVD Kit,.
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storage to work with opens up
some exciting possibilities for enter-
tainment and software deveiop-
ment. As DVD works its way into the
marketplace, you're going to see
designations such as DVD-Video,
DVD-Audio, and DVD-ROM. DVD-
Video is the approach used to
store movies on the disc (analo-
gous to the way audio is placed on
CDs). DVD-Audio (not currently
available but expected within @
couple of years) is the audio format
that might someday replace
today’s audio CDs. In addition to
offering much higher storage
capacity, which, among other
things. will allow special effects
such as surround, these discs will
also allow some video or pho-
tographs to be displayed on a TV.
DVD-ROM refers to computer-
based software and data record-
ed on the disc. Where audio CDs
can be played on CD-ROM drives,
DVD-Video and eventually DVD-
Audio discs will be playable on
DVD-ROM drives in your PC.
Understandably, there are a ot of
players looking to make the most of
what DVD has to offer. Hollywood
has been a major factor in the
development of DVD-Video—plac-
ing full-length movies, sound tracks,
and even multi-ingual sub-titling on
a single disc. Since all DVD discs are
read by laser, there is no physical
contact between the disc and its
player. The result is that the disc

wwWwW americanradiohistorv com

ALL ABOUT

The new, hot consumer-electronics
product, the power of DVD is
veally unleashed when used
in a personal computer.
Here’s why, and how easy it is to
harness that power in your own set up.

won't wear out like VHS video tapes.

Business presentations, educa-
tion, and professional training will
also benefit from DVD technology.
Animations, charts, and interactive
applets can be integrated with
real-time video. This offers a truly
immersive training experience that
CD-ROM technology has only
approached.

Applications for archiving are
limitless. Mapping programs, tele-
phone directories, encyclope-
dias—any software that now spans
several CDs can be concentrated
on one DVD disc, and dramatically
expanded to offer unprecedented
detail. Any data-intensive comput-
er software (especially 3D and
other interactive games) will get a
real boost from the sheer storage
volume offered by DVD-ROM.

Specifications and Standards. The
next steps in exploring DVD are to
understand the various specifica-
tions “on the box,” and to become
familiar with the specifications that
make DVD work and what a DVD
will support. You don‘t need a lot of
technical details, but you should
recognize the most important points
that you'll probably run across while
reading documentation.

The access fime is the time
required for the drive to locate the
required information on a disc.
Optical drives like CD and DVD are
relatively slow and can demand up
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to several hundred milliseconds to
access information. In fact,
because of the massive amount of
data and the greater density, DVDs
are actually slower than ordinary
CD-ROMs. For example, access
time for a normal CD is 180ms, while
currently available DVD kits sport
access times that range between
200 and 470ms.

Once data has been accessed,
it must be transferred from the disc
to the system.The data transfer rate
measures how fast data can be
read from the disc. There are two
typical means of measuring the
datarate; the speed at which data
is read into the drive’s on-board
buffer (the “sequential” data trans-
fer rate), and the speed at which
data is transferred across the inter-
face to the drive controller (the
“buffered” data transfer rate). As
an example, one currently avail-
able DVD drive offers a sequential
data transfer rate of 1.35MB/s, and
900KB/s for an ordinary CD (about
equal to a 6X CD-ROM drive). By
comparison the drive can support
buffered data transfer rates of
8.3MB/s (DMA Mode 2), 13.3MB/s
(DMA Mode 1), or 11.1MB/s (PIO
Mode 3). As a result, the DVD-ROM
drive is compatible with most EIDE
drive controllers.

Fig. 1 One way that DVDs squeeze more data
on a disk is to space the lands and pits that con-
tain the data much tighter. The spacing for a
DVD disk is shown on the left; that for a stan-
dard CD on the right.

CD technology is defined by a
set of accepted standards—we
have come to know these as
“books.” Since each CD “book” was
bound in a different color jacket,
each standard is dubbed by color.
For example, the standard that
defines CD audio is called Red
Book. Similarly, DVD technology is
defined by a set of “books”. There
are five books (labeled A through
E) which relate to different applica-
tions: Book A defines the format

and approach used for DVD-ROM
(programs and data); Book B
defines DVD-Video; Book C defines
DVD-Audio (this specification is still
under development); Book D
defines DVD-WO (write once); and
Book E defines DVD-E (erasable or
re-writeable) and DVD-RAM,

All DVD discs must use a data for-
mat that describes how data is laid
out. Data formats are critical
because they outfline data struc-
tures on the disc such as volumes,
files, blocks, sectors, CRCs, paths,
records, file-allocation tables, parti-
tions, character sets, time stamps, as
well as methods for reading and
writing. The format used by books A,
B. and C is called the UDF Bridge.
The UDF Bridge is a combination of
the UDF (Universal Disk Format cre-
ated by OSTA—the Ogptical Storage
Technology Association) and the
established ISO-9660 format used for
CDs. You may see the UDF referred
to as standard ISO/IEC 13346. The
UDF is a very flexible format that has
been adapted to DVD, and made
backward-compatible to existing
ISO-9660 operating-system software
(such as Windows 95). Actual use of
this disk system on DVD discs wil
depend in large part on what
Microsoft dictates as the future
operating system standard. Stand-
alone DVD movie players are sup-
posed to use UDFE while computer
applications will use the UDF Bridge
until UDF support becomes universal
(possibly as early as Windows 98).

Even with the huge data capac-
ities offered by DVD, an entire
movie’s worth of real-time audio
and video would never fit on a DVD
without some form of compression.
Both audio and video must be
extensively compressed, and MPEG
(Motion Pictures Experts Group)
compression has been the scheme
of choice. Video compression uses
fixed-data-rate  MPEG-1 (ISO/IEC
1117-2) at 30 frames-per-second
with resolutions of 3562 X 240, or vari-
able-data-rate  MPEG-2 (ISO/IEC
13818-2) at 60 frames-per-second
with resolutions of 720 X 480. Audio
compression uses MPEG-1 (ISO/IEC
1117-3) stereo, MPEG-2 (ISO/IEC
13818-3) 5.1 and 7.1 surround sound,
or Dolby AC-3 5.1 surround and
stereo (the audio designations 5.1
and *7.1" indicate five—or seven—
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signal channels, plus one sub-
woofer channel). MPEG-2 and AC-3
audio compression allow 48 thou-
sand samples-per-second, where
MPEG-1 allows only 44.1 thousand
samples per second. MPEG-2 com-
pression is typically regarded as the
preferred scheme for DVD.
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Fig. 2. Each side of a DVD can contain two lay-
ers of information, and both sides of the disk
can be used.

One of the most important
aspects of any technology is “back-
ward compatibility”—how well will
the new device support your exist-
ing media. The same issue is true for
DVD drives. Since DVD technology is
designed as an improvement over
existing CD-ROMs, the DVD was
designed to replace the CD-ROM
rather than co-exist with it. Ideally,
you'd remove your CD-ROM and
replace it with a DVD-ROM drive.
This means that the DVD must be
compatible with as many existing
CD-ROM standards as possible. A
typical DYD-ROM drive will support
CD audio, CD-ROM, CD-, CD Extra,
CD-ROM/XA, and Video-CD for-
mats. Multi-session formats such as
Photo CD are not yet supported on
all DVD drives. One format that is not
supported by any DVD drive vet is
the CD-R (recordable CD) format.
The laser used in a DVD cannot read
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TABLE 1—SPECIFICATIONS OF DVD AND CD MEDIA

Spacification ovD CD-ROM
Diameter (mm) 120 120

Digc Thickness [mmj 1.2 1.2
Substrate Thickness (mm) 0.6 1.2

Track Pitch (pm) D74 1.6
Minimdam Pit Size {um) 0.4 083
Wavelangth (nmm) B35/650 T8O
Single Layer Capacity (GB) 4.7 065

the CD-R, and in some cases, may
even damage the CD-R disc.
However, new CD-R blanks are
being developed that should over-
come this problem.

DVD Media. At its core, DVD tech-
nology is identical to classical CD-
ROMs—data is recorded in a spirat
pattern as a series of pits and lands
pressed into a plastic substrate. The
actual size and dimensions of a
DVD are identical to our current
compact discs. However, there are
some key differences which give
DVD its advantages.

First, the data pits themselves are
highly compressed on the disc—
where classical CDs use spiral tracks
that are 1.6 um apart, DVD tracks
are only 0.74 um apart. A typical pit
on a classic CD is 0.83 um, but DVD
pits are just 0.4 um. Table 1 lists the
specifications for DVD and CD
media. In short, the data on a DVD is
much denser than on a regular CD.
Figure 1 compares the data densi-
ties of DVD'’s and CDs. In order to
detect the DVD’s smaller geome-
tries, the laser used in a DVD oper-
ates at a much shorter wavelength
(a short-wavelength red laser is
used).

Second. DVD can use two “lay-
ers” of pits and lands (each in their
own reflective layer). The laser
focus control can select which
layer to read.

Finally, a regular CD only uses one
side of the disc, but both sides of the
DVD can be used. Combined with
the multi-layer technique, the DVD
can supply up to four layers of data
to a DVD drive (see Fig. 2). In actual
practice, DVD-ROM discs will likely
only use one side of the disc—at
least for a while. What all this means
is that a DVD can offer up to 8.5GB
of storage for a single-sided DVD, or
up to 17GB of storage for a double-

sided DVD.

Caring For a DVD Disc. As with
CDs, a DVD disc is a remarkably reli-
able long-term storage media
(conservative expectations place
the life estimates of a DVD disc at
about 100 years). However, the
longevity of an optical disc is
affected by its storage and han-
ding—a faulty CD can cause file
and data errors that you might oth-
erwise interpret as a defect in the
drive itself. You can get the most life
out of your optical disc by obeying
the following rules:

Don’t bend the disc. Polycarbonate
is a forgiving material, but you risk
cracking or snapping (and thus
ruining) the disc.

Don’t heat the disk. Remember, the
disc is plastic. Leaving it by a heater
or on the dashboard of your car will
cause melting.

Don't scratch the disc. Laser wave-
lengths have a tendency to “look
past” minor scratches, but a major
scratch can cause problems. Be
especially careful of circular
scratches (one that follows the spi-
ral track). A circular scratch can
easily wipe out entfire segments of
data that would be unrecoverable.
Don’'t use chemicals on the disc.
That especially includes chemicals
containing solvents such as ammo-
nia. benzene, acetone, carbon

tetrachloride, or chlorinated clean-
ing solvents, Such chemicals dam-
age the plastic surface.

Eventually. a buildup of excessive
dust or fingerprints can interfere with
the laser beam enough to cause
disc errors. When this happens. the
disc can be cleaned easily using a
dry, soft, lint-free cloth. Hold the disc
from its edges and wipe radially
{from hub to edge). Do not wipe in a
circular motion. For stubborn stains,
moisten the cloth in a bit of fresh iso-
propyl alcohol (do not use water).
Place the cleaned disc in a caddie
or jewel case for fransport and stor-
age. Contrary to popular belief. DVD
discs are not more sensitive to
scratches or dust than ordinary CDs.

DVD Drives. A DVD drive looks
almost identical to a CD-ROM drive
in size, shape, and layout. In fact, if
not for the “DVD” logo on the fray,
you'll probably mistake a DVD-
ROM drive for a CD-ROM drive. The
front of a DVD drive (see Fig. 3) car-
ries all of the standard features that
you'd find on any CD-ROM. A
motorized disc fray loads and
unloads the disc. You can close or
open the tray by toggling the Eject
button. [t's interesting to note that a
DVD-ROM won’t eject a disc that is
“locked” by a software application
(such as a running movie). You will
need to close your DVD applica-
tion before ejecting the “locked”
disc. The Busy indicator lights when-
ever data is being read from the
drive. Since the DVD drive also sup-
ports CD audio. you can connect
headphones to the headphone
jack. and adjust volume right from
the front panel.

Much of the rear of a DVD-ROM
may also look familiar (see Fig. 4).
Power is connected through a 4-pin

@ |[MTITTTER a [ )
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HEADPHONE VOLUME ACTIVITY LED MOTORIZED EJECT
JACK CONTROL TRAY BUTTON

Fig. 3. The front of a DVD drive will be familiar to users of CD-ROM drives as it has the same look

and controls.

MON SOIL0JIO8IT /66 18quaoag

[3]
(2]


www.americanradiohistory.com

Electronics Now, December 1997

(2]
&

‘Elr”'_°|

] '
[JII‘.*I"I'P.L COAURIO JUMPERS SIGNAL POWER
aLois cormeg{og COMNECTOR

Fig. 4. The rear of a DVD drive sports the connectors needed to interface it with the rest of the system.

Molex connector, so you can use
any suitable power connector from
your power supply. The signal con-
nector is typically either EIDE (40-pin)
or SCSI (60-pin). and connects the
drive directly to your existing con-
troller. Unlike early CD-ROM drives,
DVD-ROM drives do not use “propri-
etary” drive controllers. A series of
small jumpers allows you to set the
drive’s identity. For SCSI-type drives,
you can set the SCSI D (usually ID2
through ID6). For EIDE-type drives,
you will set the drive as either a pri-
mary (“master”) or secondary
("slave™) drive. If you're running an
EIDE DVD-ROM dlong with a hard
drive, the hard drive would typically
be the “master” device, and the
DVD-ROM drive would be the
“slave” device. If you're running the
DVD-ROM drive alone, set it as the
“master” device. Finally, there are
two audio output connectors; a 4-
pin CD audio connector which
attaches to a sound board, and a 2-
pin digital audio connector which
supplies sound to a digital audio
tape (DAT) or other digital recording
system.

Things get a little more interesting
when you look inside the DVD-ROM
drive (see Fig. 5). Looking in from the
top of the drive, you'll see the major
sub-assemblies needed to operate
the drive. That black circular wheel
near the tray is the spindle motor
which turns the disc. You can also
see the laser assembly, and the laser
sled that the laser rides back and
forth on. A small motor drives a
screw which runs the sled. The
load/unload mechanics are ob-
scured below the plastic tray.

The main electronics deck is
mounted on the underside of the
drive (see Fig. 6).This is a single print-
ed-circuit board that contains all of
the circuitry needed to run the

drive interface, load/unload motor,
audio amplifiers, spindle motor,
laser, and laser sled.

One item of particular interest in
Fig. 6 is the removable IC. That chip
contains firmware for the drive, as
well as the “region codes” for the
drive. Motion picture studios want to
control the home release of movies
in different countries because the-
ater releases are not simultaneous.
Therefore, they have required that
the DVD standard include codes
that can be used to prevent play-
back of certain discs in certain geo-
graphical regions. Each player is
given a code for the region in which
it's sold. The player will refuse to play
discs that are not allowed in that
region. This means that discs bought
in one country might not play on
players bought in another country.
Table 2 lists the code numbers, and
the regions each number covers.
Keep in mind that region codes are
entirely optional, and discs without
codes will play on any player in any

country.

The MPEG-2 Decoder Board.
Although the DVD drive requires a
SCSI or EIDE drive controller for nor-
mal program data, DVD video and
audio do not use that data path.
There are two reasons for this. First,
the data required to reproduce
real-time video and audio would
bog down even the fastest PC.
Second, video and audio data are
highly compressed using MPEG
standards, so even if the PC bus
wasn’t bogged down by the com-
pressed data, the decompression
process would load down the sys-
tem with processing overhead. In
order to play DVD audio and video,
DVD-ROM drives require a stand-
alone, hardware-based MPEG-2
decoder board such as the one in
Fig. 7. That MPEG-2 decoder board
works independently of the drive
controller system, video system, and
sound system.

When the original video source
is recorded for DVD, MPEG-2 ana-
lyzes the video picture for redun-
dant data. In fact, over 95% of the
digital data that represents a video
signal is redundant, and can be
compressed without visibly harm-
ing the picture quality (also
referred to as “loss-less compres-
sion”). By eliminating redundant
data, MPEG-2 achieves excellent
video quality at far lower bit rates.

MPEG-2 encoding for DVD is a
two-stage process. The original sig-
nal is first evaluated for complexity,

# o
LOAD/UNLOAD SPINDLE LASER LASER
MECHANICS MOTOR ... SCREW SMDTOR - ASSEMBLY SLED
4

Fig. 5. Inside a DVD drive. This top view shows most of the drive’s mechanics.
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then higher bit rates are assigned to
complex pictures, and lower bit
rates are assigned fo simple pic-
tures. This allows for an “adaptive”
variable bit-rate process. The DVD
video format uses compressed bit
rates with a range of up to
10Mbits/s. Although the “average”
bit rate for digital video is often
quoted as 3.5Mbits/s, the actual fig-
ure wil vary according to movie
length, picture complexity, and the

Fig. 6. The drive's main circuit hoard is mount-
ed on the underside of the drive.

number of audio channels required.
With MPEG-2 compression, a single-
layer, single-sided DVD has enough
capacity to hold two hours and 13
minutes of video and audio on a
12cm disc. At the nominal average
data rate of 3.5Mbits/s, that still
leaves enough capacity for discrete
5.1 channel digital sound in three
languages, plus subtitles in four acdi-
fional languages.

In addition to MPEG-2, audio can
be encoded using Doloy AC-3 (clso
called “Dolby Surround AC-3” or
“Dolby Digital”). With five chanrels
and a common sub-woofer chan-
nel (5.1), you get the effects of 3D
surround sound with right. left, cen-
ter, left ear, right ear, and common
sub-woofer speakers. AC-3 runs at
384Kbits/s.

In actual practice, DVD products
sold in North America and Japan
will include Dolby AC-3 sound on
the accompanying MPEG-2 board,
while DVD products sold in Europe
will likely use the MPEG-2 audio
standard.

As shown in Fig. 8, there are five
maijor connections on the MPEG-2
decoder board. Those are an
Analog Input jack, an Analog
Output jack. a Digital Output jack. a
Monitor connector, and a Video
Input connector. The Analog Input is
rarely (if ever) used in normal opera-
tions, but it may be handy for mixing
in an auxiliary audio signal to the
decoder board. The Analog QOutput
signal provides the master audio sig-
nal, which is fed to the Line Input of
your existing sound board. The
advantage of using a Line Input is
that you don’t need a volume con-
trol on the decoder board. Instead,
you can set the Line Input volume
through your sound board’s “mixer”
applet, When you play a DVD video.
any audio will continue to play
through your sound board and
speakers. The Digital Outfput is
intended to drive an external Dollby
Digital device. so you will probably
not be using the Digital Output in
most basic PC setups.

The MPEG-2 decoder board will
now drive your VGA/SVGA monitor
through the Monitor connector. This
is important because the decoded
video stream is converted to RGB
information, and fed to the monitor
directly—that avoids having to
pass the video data across the PCI
bus to your video card. The normal
output from your video card is
looped from your video board to
the decoder card. so while the
decoder board is idle, your normal

Fig.
ging down a PC.
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7. The use of a MPEG-2 hoard like this one prevents the compressed audio and video from bog-

video signal is just “passed through”
the MPEG-2 board and then on to
the monitor.

Installing a DVD Drive System.
Now that you've got a handle on
the essentials of DVD, we can get to
the fun part—a complete installa-
tion of a typical system, the Creative
Labs PC-DVD package (retail $500).
The kit comes complete with a
Matsushita EIDE DVD-ROM drive,
MPEG-2 Decoder board. video
loop-back cable, CD audio cable.
Line Input audio cable, and IDE (40-
pin) data cable. The actual installa-
tion process took this author under
an hour, but your installation may
take longer depending on how
much hardware you need to or
want to re-arrange. (Note: Before
you aftempt any new drive installa-
tion on your PC, be sure to perform a
complete system backup of your
entire system first, and keep a
bootable floppy diskette handy in
case of emergencies.)

Before you start any DVD instal-
lation, you’ll need to make sure
your system meets some basic
requirements. DVD installation
requires a 9OMHz Pentium PC with
at least 16MB of RAM running
Windows 95. At least 4MB of hard-
drive space will be needed for DVD
drivers and application software,
and your system’s motherboard
must have at least one PCI bus slot
available for the MPEG-2 decoder
board. Finally, there should be one
open external drive bay available
for the DVD-ROM drive itself.

There are two other issues that
you need to consider before start-
ing the installation. First, consider
your existing CD-ROM drive (there’s
almost certainly one in your sys-
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TABLE 2—REGION CODES ‘

&

Code  Hegion 3

1 Canada, LIS, and US territories

2 Japan. Europe, South Atrica, Middle East fincluding Egypt] ]

d Southeast Asia, East Asia lincluding Hong Kong)

4 Australia, New Zealand, Pacfic islands, Central America, South America,
Caribbean

3 Farmar Soviel Unios, Indian Subcontinent, Africa (alsc North Korea,
Mongaodia)

& China

tem). Idedally, you'd like to remove
the CD-ROM and install the DVD-
ROM in its place. However, you may
want to keep the CD-ROM in place
if. (1) you use CDs (such as Photo
CDs) that you know the DVD-ROM
drive will not support, or (2) if you
want to continue using DOS-based
CDs. The DVD software and drivers
do not support DOS, so you would
lose all CD capability under DOS by
removing the CD-ROM (that’'s one
point that the DVD documentation
leaves out).

Second, consider your DVD
drive’s interface. SCSI drives are
rather straightforward since you can
simply set the drive ID, then connect
the drive directly to the SCSI cable
(you may need to re-terminate the
SCSI cable). EIDE drives are a bit
tricky—most PCs today offer two IDE
ports—a primary EIDE port which
can support two EIDE devices, and
a secondary IDE port that can also
support two devices. If you can,
install the EIDE DVD-ROM as the
“slave” device on the EIDE port
(alongside your hard drive).
However, if you have two EIDE hard
drives in the system, you should
make the DVD drive the “master”
device on the secondary IDE port.
You may recall that older CD-ROM
drives could present problems when
used with hard drives, but DVD-dri-
ves use more current interfaces, and
should not interfere with an existing
hard drive’s operation.

The hardware process basically
consisted of four steps; install the
drive, cable the drive, install the
decoder board, and cable the
decoder board. Once the hard-
ware is in place, you can then
install the drivers and application
software. If you've ever installed
standard “*muttimedia kits” (consist-
ing of a CD-ROM drive and sound

s

card), then installing a DVD-ROM kit
should be a snap. (Note: When
working inside your PC, remember
to keep the system turned off and
unplugged. You should use a prop-
erly grounded anfti-static wrist strap
to remove any electrostatic
charges from your body, but you
should at least touch the PC's
metal chassis regularly during the
installation process.). Let's walk
through the procedure:

Install the drive. Mount the DVD-
ROM drive in an open drive bay,
and secure it into place with four
screws. As with all drives, be sure not
to overtighten the screws—that
could warp the drive just slightly and
throw it out of alignment. Also check
the jumpers on the rear of the drive.
If the drive is SCSI, set the jumpers for
the proper SCSI ID. For EIDE drives,
set the drive as either "master” or
“slave”. If you plan to run the drive

alongside a hard drive, set the DVD
drive as “slave”. If you plan to run the
DVD drive on its own conftroller port,
set the DVD drive as “master”,
Cable the drive. There are typi-
cally three cables that need to be
connected to the DVD-ROM drive:
A drive power cable, a data cable,
and a CD audio cable.You can use
any four-pin drive power cable, but
do not use a power cable from a
“Y-splitter”. Splitting your power that
way can sometimes cause erratic
drive behavior. For “slave” drive
configurations, you can connect
the existing 40-pin signal cable to
the data connector on the back of
the drive (one end of the cable
connects to the drive controller,
one end connects to the hard
drive, and the third unused con-
nector attaches to the DVD drive).
For “master” drive configurations,
you can use the 40-pin cable that
came with the DVD package.
Finally,. connect the CD audio
cable between the DVD drive and
the CD audio connector on your
sound board. If you plan on leaving
your existing CD-ROM in place, and
playing any CD audio from the CD-
ROM drive, don‘t connect the DVD
drive’s CD audio connector. (Note:
Remember to align pin 1 on the sig-
nal cable with pin 1 on the DVD
drive.You can tell pin 1 on a ribbon
cable by the red or blue stripe that
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Fig. 8. These are the five connectors found on the rear of an MPEG decoder card. Their functions
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runs along the cable.)

Install the decoder board. Once
the drive is in place, your next step
is to install the MPEG-2 decoder
board. You do not need to config-
ure the decoder board first—rather
than jumpers, the decoder is con-
figured through software. Find an
unused PCI bus slot, and mount the
board—you might need to remove
one of those little metal plates from
the expansion slot opening first. You
can use the little screw from that
metal plate to secure the decoder
board into place. Make sure that
the board sits evenly and com-
pletely in its bus slof, and never
force an expansion board.

Cable the decoder board. The
last step is to interconnect ihe
MPEG-2 decoder board with the
other devices in your system. In
general, there are three connec-
tions that you have to make.
Disconnect the monitor from your
video board, and aftach it to the
decoder’s Monitor connector. Use
the loop-back cable to attach the
video signal from your video board
to the decoder’s Video Input con-
nector. Then use the sound cable
to connect the decoder’'s Audio

Output to the Line Input jack of
your sound board.

Software Installation. As noted
above, the MPEG-2 decoder board
packaged with the Creative Labs
PC-DVD kit lacks jumpers. Instead,
the decoder is configured exclusive-
ly through software—that simplifies
the hardware-installation process
and reduces the chances of hard-
ware conflicts due fo incorrectly set
jumpers. The software installation
process Involves three phases;
instaling the decoder drivers,
installing the DVD-ROM drivers, and
installing the DVD applications.

The first time you reboot your PC
after the hardware installation,
Windows 95 will automatically
detect the new hardware. It won't
identify the hardware exactly, but it
will identify the hardware as a “PCl
Multimedia Device”. Insert the dri-
ver diskette into your floppy drive,
and select the diskette provided by
the manufacturer option when
prompted. Windows 95 will install
the decoder board drivers, and
configure the board. When
Windows 95 asks you to restart the
system, choose NO.

DVE GLOSSARY

G0 (Compact Disel—removable optical storage capable of holding up to 650MB of data

using 12em optical discs,

CLY Audio—the ariginal ‘red book” format adopted by Sony and Philips in 1980 used 1o
record music and voice audio, Also called compact dise digital audio (CD-DA}.

CD Bridge-~a "bridge” disc adds information to a CD-AOMXA track which aliows the
track to be played on & CO-1 player, The bridge disc can be played on a CD-1 player
connected 1o a TV, or a CD-ROM/XA player connacted to a computer. Typical
examples of CD bridge discs are Photo CDs and Video CDs.

COD- {Compact Disc interactivel—a 1986 standard which extends CD-ROM capabilities
by adding search and “navigation” features lo the disc.

G0 Extra—also called GO Plus or Enhanced CD. A two-session disc which stores audio
tracks on ane "session”. ard CO-ROM data on another "session”

CO-R (Compact Dise Recorderi—a drive capable of writing data or audic infarmaton 1o

blank GO media.

CO-ROM (Compact Disc Aead Only Mamary—ihe classic “yellow book” standard for

recording programs and datd o a GO

CO-ROMXA (CO-HOM Exiandad Architecturel—a disc format developed in 1388 which
greatly improves the synchranization of audio  and video data on a CD for playing

multimedia itlas.

DVD {Digital Video Disc or Digital Versatie Disci—ihe generic tarm used to describe the
next ganeration of high-dansity optical storage discs capable of holding up to 17GE of

data.

MPEG (Motion Piciures Experts Groupi—the industry group responsibla for developing
comprassion standards for multimedia content (primarily audio and videa).

PO {Paripheral Compenent Interconnecti—the curment high-performance 32/64-bit
expansion bus architecture used in loday's Pentium-based PCs.

Photo CO—a type of CD bridge disc based on CO-AOMXA. A standard releazed by
Kodak In 1990 designed for storing high-guality photograghic images.

Vidlen CO—a type of CO bridoe disc based on CD-1 designed for playing movies and
other commercial multmedia presantations
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The next step is to install the DVD-
ROM drivers. Choose Sfarf, then Run,
then type A:/SETUP. Click OK. The
setup routine will install the drivers for
your DVD drive, and configure it
appropriately. When the installation
is complete, Windows 95 will ask you
again tfo restart the computer. This
time, remove the driver diskette and
select OK to restart the computer.
The next time Windows 95 starts, your
DVD drive and decoder board
should be active.

The fast step is to install any DVD
applications (such as a DVD control
panel or DVD-Video player). The
applications will usually be on a sep-
arate flioppy disk. Insert the floppy
disk, Click Start, then Run. then type
A:/SETUR Then ali you need to do is
follow the instructions. (Note: This
section describes the installation of
one DVD kit—your own software
installation requirements may be dif-
ferent. Always read through your
installation instructions thoroughly.)

Optimizing Video for DVD. DVD
works best using a resolution of at
least 800 X 600. and a “High Color”
(16-bit or 65K-color) mode. If your
video card will support even higher
resolutions or color depths, feel free
to use them. Use your Display icon
under your Control Panel to adjust
the video configuration as needed.

Basic DVD/MPEG-2 Trouble-
shooting. Even though a DVD pack-
age should install with an absolute
minimum of muss and fuss, there are
times when things just don’t go
according to plan. Software and
hardware problems can both inter-
rupt your DVD system. The following
symptoms cover some of the most
common troubleshooting issues.
Symptom 1: The DVD drivers
refuse to install. This is almost always
because Windows 95 is having a
problem with one or more .INF files
on your driver installation disk(s).
Check with your DVD vendor to
confirm whether you need to delete
one or more entries in your OEMxx.
INF file(s) (where “xx” is any suffix).
You may also need to delete one or
more entries from a MKEDVD.INF file.
The .INF files are typically contained
in the C:\WINDOWS\ INF\OTHER
directory. Once you've corrected
the appropriate .INF file(s), you can
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re-install the DVD drivers:

* Click Start, select Seftings, then
click on Control Panel. Double-
click on the Systemicon.

* Click on the Device Manager
tab. then select "Sound, Video,
and Game Controllers”.

¢ Select the DVD driver(s), then
click Remove.

* Exit the Device Manager and
reinstall the drivers again.

Symptom 2: The DVD drive isn’t
detected. There are several possible
reasons why the DVD drive would
not be detected. Check the power
connector attached to the drive,
and make sure that the drive isn't
being powered from a Y splitter”
power cable. Check the signal
cable next. Both SCSI and EIDE sig-
nal cables must be aftached
securely to the drive. SCSI interfaces
are complicated a bit by termino-
fion. Make sure that the drive is
jumpered properly for its SCSI ID or
EIDE “master” or “slave” relationship.
Finally, make sure that the DVD dri-
vers are installed and running.
Check the drivers under the “Sound,
Video, and Game Controllers” entry
of the Device Manager.

Symptom 3: The DVD motorized
tray won’t open or close. The most
common issue here is the DVD
application itself. Some DVD appli-
cations (such as DVD-Video player
applications) will “lock” the disc
fray closed. Try closing all open
applications. If the tray still won't
open, try restarting the PC. That
should clear any “software lock”. If
the tray still refuses to open or
close, the drive itself may be defec-
tive—you can “force” the tray open
using a straightened paper clip in
the emergency eject hole in the
front of the drive.

Symptom 4: There is no audio
when playing an audio CD. This is a
common problem—especially dur-
ing new DVD-drive installations.
Chances are that you did not con-
nect the CD audio cable between
the DVD drive and the sound
board. If so, the cable may be
reversed (or defective). Of course, if
you’'re still using your original CD-
ROM drive, and the CD-ROM is
connected to the sound board,
there will be no CD audio from the
DvD drive—there is no way to “par-
allel” the sound cable.

wanna americanradinhictornys com.
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Symptom 5: There is no DVD
audio while playing a movie or
other presentation. Here’s another
common oversight during new DVD
installations. Check the external
audio cable aftached between
the MPEG-2 decoder board and
the Line Input jack of your sound
board. The cable might be plugged
into the wrong jack(s). or the cable
might be defective. Also check the
sound board’s “mixer” applet and
see that the Line Input volume con-
trol setting is turned up to an
acceptable level.

Symptom 6: Video quality
appears poor. MPEG-2 compres-
sion is well-respected for its ability
to reproduce high-quality images.
The problem with “poor” image
quality is almost always because of
your video configuration—your
color depth or resolution are too
low. DVD-Video playback is best at
resolutions of 800 X 600 or higher,
and color depths of 16-bits (High
Color) or higher (i.e. 24-bit True
Color). In most cases, 256 colors will
result in a “dithered” appearance.

Symptom 7: You see an error
message that says “Disk playback
unauthorized”. The region code on
the DVD disc does not match the
code embedded into the drive.
There isn't much that can be done
when this emor occurs. Note that
region code limitations are only
applied to DVD-Video movie releas-
es—computer-software programs
and data discs are not marked with
region codes.

Conclusion. DVD offers advantages
that CD-ROM never had—tremen-
dous storage space, and high-qual-
ity audio and video playback.
Coupled with the fact that most CDs
will work with DVD drives, it seems
that the DVD is poised to replace the
CD-ROM over the next few years. Q



www.americanradiohistory.com

imost all late-model cars on
Afhe road today have some
form of computer control for
their engines. Sometimes those
control computers are referrec to
as ECUs (for Aectronic Control Unit),
ECMs (Hectronic Control Module),
or ECAs (Electronic Control
Assembly). Those systems have
made the automotive industry the
number one user of microcontrolier
chips. The demand the auto manu-
facturers have for computer chips
appears to be insatiable. Auto-
motive engineers are writing the
specifications for a large number of
new designs—including some of
the so-called “general purpose”
devices. One example of that is the
Motorola 68HC11. While that chip
started out as one specifically
designed for cars, today it is used in
a variety of applications, many of
which aren’t related to automoiive
electronics at all!
Facing a computerized engine
can send a chill up the spine of

ails you car when the “check’

8
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many shade-tree mechanics—
including those that are desktop-
computer “experts.” Even if they
can swap out a motherboard
qQuicker than they can replace a
new battery in a car, some of them
cringe in fear that some day the
CHECK EMGINE or SERVICE ENGINE
SOON warning light will go on in
their computerized chariot. What
do they do then?

Thanks to the foresight of auto-
motive designers, the solution is rel-
atively simple—check out the com-
puter’s service code. Those service
codes are also referred to as “trou-
ble codes.” However, before you
can find out what the code is, the
computer system’s self-diagnostic
feature must be enabled.

Entering the Diagnostic Mode. In
order to read the trouble codes
stored in an engine computer, the
computer must be told to reveal
what it found. That is done by plac-
ing the urit in a “diagnostic mode.”
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Depending on the manufacturer,
there are different procedures for
doing that. While the descriptions
presented here will work with most
American cars, you should always
make sure that the procedure you
are about to foliow is correct for
your particular vehicle. If you don’t
follow the manufacturer's direc-
fions exactly, you could damage
the engine computer. Replacing
that device is very expensive. In the
words of the old saying—iook
before you leap.

Of the major American automo-
bile manufacturers, Chrysler has the
simplest way of entering the com-
puter’'s diagnostic mode. Put the
car’s ignition key in the ignition
switch. You should not start the car
at any time during this procedure.
Within a 5-second time frame, turn
the ignition switch ON-OFF-ON-OFF-
ON. Remember, do not try to actu-
ally start the car.

In General Motors cars, first find
the diagnostic connector. It usually
is in an easy-to-reach spot under
the dash and near the steering col-
umn. A typical GM diagnostic con-
nector is shown in Fig. 1. With the
ignition in the OFF position, connect
together points A and B of the diag-
nostic connector with a short length
of a solid 22-gauge hookup wire. A
paper clip bent into an appropriate
shape will also work. Be careful—if
you connect the wrong terminals
together, you can damage the
computer. Once points A and B are
jumped, put the ignition switch in
the “on” position but do not
attempt to start the vehicle.

As with the other auto manufac-
turers, no expensive equipment is
needed to enter the diagnostic
mode with many Ford cars.
However, Ford-built cars have a
slightly more confusing way of get-
ting the computer into its diagnos-
tic mode. Because of that, details
will not be given since a wrong
connection could damage the
vehicle’'s computer system. An
overview of the process is never-
theless interesting to those that will
be working on Ford cars. As with
any vehicle, a decent service man-
ual will be valuable to anyone
attempting to fix any modern auto.

Ford locates its diagnostic con-
nector in the engine compartment.,

Also located in the engine com-
partment is the diagnostic test
lead. In order to enter the diagnos-
fic mode, a connection must be
made from the diagnostic test iead
to the upper right hand connec-
fion (looking at its front) of the
diagnostic terminal. Since both
connectors are female, an appro-
priate jumper wire must be used.
For details, consult the service man-
ual or a book on electronic ignition
systems.

By the way, Ford cars that don‘t

codes that have been stored in the
computer that caused the “check
engine” light to light up in the first
place!l For instance, if a GM car
flashes a code of 55 (five rapid
flashes, a pause, and five more
rapid flashes), that indicates that
the oxygen sensor might be faulty.
With Chrysler cars, that same code
indicates the end of the test and
on Ford cars it means that there is
either a charging system probiem
or that there is no ignition-key-
switched power being applied to

TABLE 1—Selected General Mators Servide Codes

This table iz a generat listing of selected codes for GM cars and fight trucks that have
the CHECK ENGIME or SERVICE ENGINE SOON Hght, Most late model cars have
migriy more-codes than those listed here. For detailed listings and mors information for
individual vehicies, refer to the spacific service manual. The informaticn for this table
was taken fror Wells Mig, Corps booklet *Sure You Can Work on Elecironic Ignition”

CODE WHAT CODE INDICATES IN G YEHICLES
12 System Test Code; Also no RPM Pulses o Elctranic Control Modide

13 Owygen Sensof Circuil

14 Shorted Coolant Sansaor Circuit
15 Open Coolant Sensor Clrouit
2t . Throttla Position High

23 Mixture Control Solanoid Low

24 Vehicle Speed Sensor Circuit—Park/Neutral Circuit Failure

Ganister Purge Solenoid
Baro Senser Gireuit Low
Difterential Pressure Vacuum
Electronis Spark Contral.
Laan Exhaust indication

45 Rich Exhaust Indication

a1 Bad PROM

<
I2
4
42
44

a5 Faulty Cxygen Sensor, Electronic Control Module
56 Add Coolant, Port Throttle Systam Vacuum Sensor
BA Electronic Control Module Circuit {1985 and later)

e

have a “check engine” light require
some additional equipment, such
as an analog VOM, to dispiay ser-
vice codes.

Reading and Interpreting the
Code. Now that the computer is in
diagnostic mode, you're probably
thinking. "What now? Some sort of
‘trouble codes’ were mentioned,
but how do | read them? There isn‘t
a video monitor or even a LCD or
LED display in my carl”

The automotive designers have
already thought of that. The trouble
codes are flashed out on the
“check engine” light. Once in the
diagnostic mode, that warning light
will flash the appropriate code or

the processor,

A short table of General Motors
service codes is given in Table 1.
The information in that table only
mentions some general codes that
are used on most GM vehicles.
Newer codes are added to specif-
ic models that use new engine
technology. As mentioned previ-'
ously, you should always use a code
table for your specific make,
model, and year vehicle. |
Low-Cost Diagnostic Equipment.
Today, there is a variety of low-cost
diagnostic equipment ovoiloble.‘
Some of it is quite useful. Othern
items are of questionable value.
One example of the latter is the
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“code readers” for GM cars. It usu-
ailly consists of a small device that
plugs intfo the diagnostic connec-
tor and a booklet of codes. Many
of those inexpensive "code rgad-
ers” don't have a readout—they
depend solely on the CHECK
ENGINE or SERVICE ENGINE SOON
light. Those types of readers appear
to be nothing more than a fancy
“paper clip” that puts the comput-
er into its diagnostic mode. While
that type of tester comes with a
booklet that includes code listings.
several reference books are avail-
able that contain the same infor-
mation plus a wealth of additional
information concerning your car’s
electrical, computer, and emissions
systems. One example of that type
of book is "Sure You Can Work On
Electronic Ignition.” published by
Wells Manufacturing Corporation,
Fond du Lac, Wi 54936.

Understand that we are not say-

Clearing Codes. With computers
controling and monitoring more
automotive systems, the behavior
of those systems can sometimes
confuse the average person who
has had plenty of experience with
older, “pre-intelligent” systems.

Once, a few years back, the
author was driving his 1988
Chevrolet pickup truck up a hill. The
wheels spun wildly on some wet
leaves trying to grip the road. Once
the truck got to the top of the hil, |
noticed that the brake light was on.
The parking brake was off and the
brake-fluid level was OK. A quick
check of the truck’s electrical circuit
diagram showed that three things
could turn on the light—the parking
brake, a low brake fluid level. and a
problem with the anti-lock-brake
(ABS) system!

After having visions of an expen-
sive repair job come to mind., | real-
ized that perhaps the ABS comput-

JUMFPER WIRE
Sl =t D C B A

ABDUT 2 INCHES

AT
A

Fig. 1. A typical diagnostic connector for a General Motors vehicle looks like this. To put the com-
puter into its diagnostic mode, simply jumper the two terminals shown with a short length of wire

or a bent paper clip.

ing that those low-cost code read-
ers don't do what they claim. The
main point is that there are other less
expensive ways to do the same
thing. It is also important not to con-
fuse code readers with automotive
diagnostic scanners. Diagnostic
scanners, some of which can cost
upwards of $250, have their own
built-in display. Any error codes are
indicated on the display in plain
English. They also have several addi-
tional features that are sure to be
useful to the professional autome-
tive-repair technician.

er became confused because of
the spinning wheels. In an anti-lock-
brake system, each wheel has a
speed sensor to measure the rota-
tion of each tire. If some wheels are
spinning much faster then the oth-
ers, the brakes are pumped electri-
cally to prevent the wheels from
locking up and skidding. It could be
that the ABS saw the drive wheels
spinning so fast that the calculated
spin rate went beyond the comput-
er's ability to keep track of the spin.

The positive battery terminal
was disconnected for a few min-

utes and then reconnected. The
frouble code in the ABS system
cleared. and everything worked
fine after that.

Shortly after that incident, a
friend of the author related a simi-
lar experience. He, however, was so
worried about the brake light that
he rushed his truck to a garage.
Luckily, the people there were hon-
est and competent. Instead of
replacing the ABS system’s com-
puter, they also disconnected and
reconnected the battery. He was
lucky—nhis repair bill was only $25.

Disconnecting the Battery—A
Miracle Cure? While the solution to
the brake light problem was cor-
rect, the reasoning behind it was
not the best course of action.
Disconnecting the battery might
have erased the error messages
stored in the ABS's memory, but
that doesn’t mean that all prob-
lems will go away that easily.
Automotive computers can store
and remember several frouble
codes—even if the immediate
cause of the trouble clears itself.
Capturing an intermittent problem
can be as useful as tracing a
“hard” failure.

CAUTION: It isn’'t wise to neglect
any BRAKE warning light—even if it
is generated by the ABS system for
some frivolous reason. When that
light is on, the ABS system will not
assist in panic stops. While some
recent research has indicated that
ABS systems aren’t as great as they
were first believed to be, they
nonetheless are a valuable addi-
tion to any vehicle.

If you have fixed a problem with
your engine and it is running per-
fectly, do not forget to disconnect
the battery for a minute or so. That
will erase the error codes that were
stored in the computer’s memory.

Hard Failures. What if you are
faced with a trouble code that
seems to be areal failure? Replace
the part indicated by the code?
That type of repair job might be
beyond the capability of the
novice or “shade-tree” mechanic.
However. there is a good chance
that the problem is not a faulty
component. Probably the biggest
cause of failures in cars today is a
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bad. dirty, or corroded connector,
or a broken wire. To test for that,
use an onmmeter to run a continu-
ity check on the wires leading to
the sensor or other electrical part
indicated by the service code. If
you're not sure what goes where,
check all suspected wires and
connections. Continuity checks
should only be done when the igni-
tion switch is in the "OFF” position.

Another option is to run a “wig-
gle test.” Just as itfs name indicates,
a suspect wire or connection is
tested by wiggling it back and
forth. A meter with an audible con-
finuity tester is useful if you don‘t
have someone else available to
watch the meter while you're work-
ing in the engine compartment.

A variation of the wiggle test is to
perform it with the engine running.
That method is quite a bit more
dangerous because of the running
engine. The first thing to do is to
clear the trouble codes by tem-
porarily disconnecting the battery.
After reconnecting the battery,
start the vehicle and wiggle the
wires or connectors one at a time.
Have someone watch the warning
light on the dash to see when it
goes on.

WARNING: USE EXTRA CAUTION
HERE! Remember that you are pok-
ing around in the engine compart-
ment while the engine is running. If
you put your hand near something
that is moving you could be in-
jured. Also, make sure you don‘t
wear loose fitting clothing.

Combining a continuity check
along with a power-off wiggle test
is offen more effective than the
standard continuity test or the
power-on wiggle test.

If a wire or connector flunks
either test, first clean or replace the
connector. If it sfill flunks, replace
the wire. If the vehicle passes the
wiggle test and continuity check,
and the “warning light” doesn’t
light, the problem may have been
“just one of those things”—perhaps
caused by an electrical surge from
a nearby lightning bolt. Most com-
puter systems clear the service
codes after 20 to 50 car starts.
Therefore, if the warning light was
caused by “just one of those
things.” it might clear itself up in a
week or so of normal operation. Q

REMOTE CONTROL ANTENNA

(continued from page 48)

digit station number if your remote
does not have or does not support
an “enter” button. Don‘t forget to
press “zero” for a single-digit chan-
nel (channel 2 is "02"). When the
“Enter” or "Mute” button is pressed,
the Store LED should come on.
When the first digit of the channel
number is pressed, the Channel LED
should come on as well, lighting all
three LEDs. When the second digit
of the channel number is pressed
the Store and Channel LEDs will go
out. If you want to return to the posi-
fion of any particular channel, sim-
ply press its two-digit number with-
out any other buttons.

Only channels 02 to 69 can be
stored. Channels 70 to 74 are preset
for the North-South-East-West direc-
tions and cannot be changed.

For the RCR to go back to the
same direction when asked, the
RCR memory must have a value
properly representing antenna
direction. To remove any accumu-
lated errors, the RCR will automati-
cally re-synchronize itself periodical-
ly. Synchronization can also be
forced by pressing “91”. Synch-
ronization, as described before,
congists of the rotator turning to the
full counter clockwise position and
establishing that position as the one
from which all others will be calcu-
lated. This will enable the RCR to hit
the right direction each time.

Motor-Run Capacitors. The motors
used in antenna rotators are two-
phase AC motors. They use motor-
run capacitors to create the sec-
ond phase. Between the induc-
tance and reactance of an L-C cir-
cuit, the current on one leg of the
motor is advanced ahead of the
voltage. :

The motorrun capacitors be-
tween screw terminals J2 and J3, as
shownin Fig. 1 are C1,C2, and C3. It
is important that they be bipolar
electrolytic capacitors, commonly
used in audio equipment. Because
AC is present, a polarized capacitor
will boil and explode due to the
reversing vottages. Do not substitute
regular polarized capacitors for
those devices.

wanna americanradiohictonszcnme

The value of the capacitors
must be tuned to the rotator being
used. Channel Master, Alliance, and
RadioShack units work best with 66-
wF capacitors. Since that value is
not a standard value that is com-
monly available, connecting two
33-pF capacitors in parallel is an
easy way to get the desired values.
Since capacitors in parallel add
their values together, C2 and C3
create the 66-uF motor-run capac-
itor. If you are experimenting with
another type of rotator, C1 has
been included as a blank socket for
experimentation with capacitor
values.

Using the wrong capacitor
value will cause the rotor to
“creep.” In that situation, the rotator
will not come back to the same
place in its rotation each time it is
moved. The antenna direction will
tend to stay clockwise or counter-
clockwise of the correct alignment.
If you are using a rotator other then
Channel Master, RadioShack, or
Alliance, you might have to test for
the proper motor run capacitance
by doing the following:

1) Synchronize the rotator by
selecting channel 1.

2) Tune in a very weak station.,

3) Spin the antenna for the best
reception.

4) Store that position in the
RCR’s memory.

5) Turn the rotator at least 180
degrees away, using the pre pro-
grammed North, South, East, or West
commands.

6) Turn the rotator back to the
stored position.

7) Repeat steps 5 and 6 several
fimes.

If after several times the rotator
has come back to the weak station
properly. the capacitor value is cor-
rect. If the rotator must be moved
clockwise (as viewed from above)
by pressing channel up on the
remote to tune in the weak station,
less capacitance is needed. If the
rotator must be moved counter
clockwise by pressing channel
down fo tune in the weak station,
more capacitance is needed.

Once the Remote-Controlled
Rotator is set up. you will be ready
to explore the VHF and UHF to store
all of those hard-to-get stations in
memory. Q
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USE THE FREE INFORMATION CARD FOR FAST RESPONSE

Web Site Source Book 1997
2nd Edition

Edited by Darven L. Smith
Ommnigraphics, Inc.
Penobscot Building

Detroit, MI 48226

Tel: 800-234-1340

Fax: 800-875-1340
$78

Designed  espe-
cially for business

Gulde to Hajor

5, Hustesses.
Orgasizations
Agerncies, Institutions
arnd Other Information
Resources on

World Wide Web

and professional
users, this updated
and expanded
904-page  book
provides key in-

formation for

more than 12,600

Web sites of

major businesses,

organizations,
agencies, and institutions throughout
the U.S. The second edition has added
over 6,000 new entries, and two new cat-
egories: Counties and Real Estate. The
listings include the name of the compa-
ny or organization, mailing address,

| telephone and fax numbers, and Web
and e-mail addresses.

Each entry appears twice: alphabeti-
cally arranged by the name of the com-
pany, agency or organization; and then
in the classified section under approxi-
mately 100 subject headings. Users can
find contact information for sources
under categories, such as arts and enter-

' tainment, banking, colleges and univer-
| sities, government agencies, hotels and
resorts, magazines and newsletters, pub-
lishers, retailers, science and technology,
and travel.

1997

hdil ON FREE
INFORMATION CARD

' Programmable Logic Controllers:;
' An Introdution

| by W. Bolton
Newnes, Butterworth-Heinemann
225 Wildwood Avenue, Unit B
PO. Box 4500

Woburn, MA 01801-2041
Tel: 617-928-2500
Fax: 617-933-6333
Web: bttp:/fwww.bb.com/bb

Rapid technologi-
cal advances have
. made the PLC
(programmable
logic controller)
an important part
of many indus-
tries, from petro-
chemicals to food
production. This
book provides an
accessible introduction to PLCs for stu-
dents, and for engineers who want a
working knowledge of PLCs.

Readers are shown how to identify
the main design characteristics and
internal architecture of PLCs, as well as
the characteristics of commonly used
input and output devices. Methods for
writing programs for the logic functions,
and programs involving relays, timers,
counters, shift registers, sequencers, and
data handling are explained. Testing and
debugging methods are also completely
discussed in the text.

The book includes numerous exam-
ples and programming problems that
cover technology from a range of man-
ufacturers. There are illustrations
throughout the text to help the reader
understand the concepts.

Catalog 104

Switches Plus
192 Pepe’s Farm Road
Milford, CT 06460
Tel: 800-792-4757 or 203-876-2697
Fax: 800-792-5877 or 203-876-7285
Web: www.switchesplus.com
Free

This 50-page catalog from Switches
Plus offers hundreds of products. They
include pushbuttons, pilot lights, poten-
tiometers, key/knob selectors, joysticks,
emergency stop switches, power sup-

INFORMATION CARD
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plies, and vandal-
proof keypads.
New encoders that
allow keypads to
directly interface
with PCs are
| highlighted.

ﬁ The catalog fea-

_ tures detailed
CIRCLE 342 ONFREE  specifications on
INFORMATIONCARD e ach type of
product. Most switches are oil-and
water-tight, and they can withstand haz-
ardous environmental conditions. Instal-
lation hints are also included.

The Web site noted above offers pric-
ing, dimensions, technical details and

monthly specials.

Catalog AVS7

Aven Tools Inc.

4676 Freedom Drive
Ann Arbor, MI 48108
Tel: 313-073-0099
Fax: 313-973-0097
Free

Aven’s 1997/1998
catalog features
105 pages of tools
for the electron-
ics, electrical,
engineering and
industrial markets.
Tools from Aven
and other manu-
facturers, such as
Accu-Tek, Niptec,
Technik, and Klein,
are included. Tips on selecting the right

CIRCLE 343 ON FREE
INFORMATION CARD

tool for the job are found throughout |

the catalog. A helpful table of contents
and an index by product number are
included.

The catalog offers a broad selection
of tweezers, pliers and cutters, screw-
drivers and screwdriver bits, knives and
blades, scissors, files, ceramic tools,
wrenches, magnifiers and magnifying
lamps, ultrasonic cleaners, static control
products, and magnetic tools.

|
m '
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BY DON LANCASTER

Radio Astronomy, The Enigma
0f the Faraday Disc, and more

HIS MONTH, WE HAVE A FASCINATING COLLECTION OF

BOTH PSEUDOSCIENCE AND REAL SCIENCE TOPICS.

THE REAL STUFF.

Radio Astronomy

A world-class Henrich Hertz SMT
(submillimeter telescope) lies on a small
hill in front of my driveway. I recently
wrangled a special insider tour; because
J it was our monsoon season and the staff
there was between experiments, I even
got to get a real close look at what's hap-
pening inside the receiver pods. There is
some amazing stuff coming down here.

A radio telescope is just a big radio
receiver, but one that’s extremely direc-
tional, low in noise, and quite sensitive.
They are sometimes used singly, but
could be grouped together into arrays
using a process called interferometry.

Some radio telescopes investigate
solar and planetary phenomena in the
high-frequency range. Others use ordi-
nary microwaves in the 300-MHz to
150-GHz microwave range. A 300-GHz
signal has a wavelength of one millime-
| ter. The latest specialized radio tele-
scopes can deal with signals with much
lower bandwidths than that, and can
explore the Terahertz mystery band that
we looked at in HACKS84.PDF and
EMERGOP4.PDF (available on my
www.tinaja.com Web site).
| Things get especially challenging in
the 100 to 1000 GHz range. First, you
must have a quite dry and very high site,
hence the location on the 10,700-foot
high hill that blocks my view to the
south. Water vapor severely absorbs sub-
millimeter signals. The receiving dish
has to exceptionally conform to its para-

LET’S START OFF THIS MONTH’S VISIT WITH A LITTLE BIT OF

bolic shape; deviations must be kept to
say a thousandth-of-an-inch or better
over thirty five feet at all times.

You also have to work around all the
restrictive atmospheric windows that get
in your way, and the receiving electron-
ics often has to be chilled to nearly
absolute zero.

And, oh yeah, nobody yet knows how
to construct decent mystery-band ampli-
fiers or even power sources. So vou are
still stuck with a highly noisy and “klutzy”
electronics technology that today is
roughly comparable to microwaves

Deuterium 327.384 MHz
Hydrogen 1420.406 MH2
Hydroxyl 1612.231 MHz
Hydroxy! 1665.402 MHz
Hydroxy! 1667.359 MHz
Hydroxyl 1720.530 MHz
CH Radical 3263.794 MHz
CH Radical 3335.481 MHz
CH Radical 3349.193 MHz
Formaldehyde 4829.660 MHz
Water Vapor 22.235 GHz
Ammonia 23.694 GHz
Ammonia 23.723 GHz
Ammonia 23.870 GHz
Excited Hydrogen 36.466 GHz
Silicon Monoxide 42.821 GHz
Silicon Monoxide 43.122 GHz

before 1940; in other words, it’s practical-
ly the equivalent of a crystal set.

And therein lies a few of the SMT
challenges. If you ever want to make
friends with a radio astronomer, offer him
stable one-Terahertz amplifiers with 20
decibels of gain, a 0.8-decibel noise fig-
ure, and at a price of $4.98 per dozen.

Although the new millimeter and sub-
millimeter telescopes can be used for
SETI extraterrestrial-intelligence search-
es, most traditional researchers distance
themnselves from anything related to
“E.T. phone home.” Instead, they con-
cern themselves primarily with mapping
apparently natural instances of extrater-
restrial radio-noise sources.

One important source for those sig-
nals is known as molecular resonance.
Two of the most popular are the 21-cen-
timeter hydrogen line at 1420 MHz and
the 18-centimeter hydroxyl line at 1681

Carbon Monosulphide  48.991 GHz
Hydrogen Cyanide 88.632 GHz
Carbon Monosuiphide  97.981 GHz
Carbon Monoxide 109.782 GHz
Carbon Monoxide 110.201 GHz
Carbon Monoxide 115.271 GHz
Formaldehyde 140.840 GHz
Duterated H Cyanide  144.827 GHz
Formaldehyde 140.840 GHz
Carbon Monosulphide 146.969 GHz
Formaldehyde 150.498 GHz
Carbon Monoxide 219.560 GHz
Carbon Monoxide 220.399 GHz
Carbon Monoxide 230.538 GHz
Methanol 258.507 GHz
Hydrogen Cyanide 265.886 GHz
Carbony! Sulfide 461.907 GHz

FIG. 1—SOME MOLECULAR RESONANCE FREQUENCIES of interest to centimeter, mil-

limeter, and submillimeter radio astronomers.
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MHz. The area between those o
makes up a transparent window that’s
nicknamed the “water hole.”

The presence of energy at or near a
molecular resonance usually reveals the
presence of that molecule. Because of a
“red shift” Doppler effect, modest fre-
quency differences from what is expected
can tell you whether an energy source is
moving towards you or away from you.
Other radio-energy sources are assoc.at-
ed with pulsars, quasars, black holes, and
supernovas. They often paint a wildly dif-
ferent picture of the universe than optical
telescopes do.

I’ve summarized some other key mol-
ecular resonance frequencies for you in
Fig. 1.

The SMT

The particular SMT I visited handies
radio-astronomy wavelengths from 0.3
to 2 millimeters, or frequencies from
150 GHz to 1000 GHz, the latter being
a full Terahertz, Thus, this scope starts
where older millimeter instruments have
left off.

The 35-foot dish is in fact accurate to
amil or so. Specifically, their goal was 15
microns of rms error (there’s about 18
microns in a thousandth of an inch) and
currently they are under twenty microns
or so and improving. At present, this is
the finest SMT dish anywhere in the
world.

The dish is set up as an AZ-FL
mount, which is an abbreviation for
azimuth and elevation. Most of the
azimuth part is handled by rotating the

current
colacting
disc

entire building! Special “windup” cables
and flexible pipes let their building spin
270 degrees in either direction, at a clip
of 60 degrees per minute. Elevation is
handled by tilting the dish overa —2-to
91-degree range.

There is a secondary Cassegranian
reflector way out in front, near the par-
abolic-dish focus. It can only be reached
by a scary circus-tightrope platform.
The secondary reflector redirects their
received beam down through the middle
of the main dish. At that point, a flip-
pable mirror deflects the beam out a
chosen end of the middle of the eleva-
tion axle. The beam then goes to one of
two receiver pod rooms.

The neat thing about this setup is
that the intended receivers can be bolted
down onto fixed optical benches in more
or less ordinary rooms. With use of
beam splitters, up to six experiments
(three on each side) could be conducted
nearly at once.

The secondary reflector also is used
for minor tracking (ever try to smoothly
move a building by a few microns at a
time?), as well as to purposely switch on
and off axis, modulating the beam for
better detectability. The latter is an
update of the ancient astronomical
“blink comparator” technique. Their
typical chopping frequencies are 10 or 25
Hz, depending on need.

I'm also told that you can hang a
dipole on theisecondary to make a dandy
two-meter ham receiver. Their 200 mile
line-of-site visibility does not hurt DX
all that much, either.

sirong
anial
magnat

FIG. 2—"FREE ENERGY” ENTHUASIASTS claim to see a homopolar voltage with zero
relative motion between a spinning magnet and collecting disc. Sure enough, you can eas-
ily convince yourself you are measuring some disc voltage or current, if you are careless

enough about your bad lab work.
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new from

DON LANCASTER

ACTIVE FILTER COOKBOOK

The sixteenth (!) printing of Don’s bible on analog
op-amp lowpass, bandpass, and highpass actve
filters. De-mystified instant designs $28.50

CMOS AND TTL COOKBOOKS

Millions of copies in print worldwide. THE two
books for digital integrated circuit fundamentals
About as hands-on as you can get. $28.50 each

INCREDIBLE SECRET
MONEY MACHINE I

Updated 2nd edition of Don’s classic on setting
up your own technical or craft venture. $18.50

LANCASTER CLASSICS LIBRARY

Don's best early stuff at a bargain price. Includes
the CMOS Cookbook, The TTL Cookbook, Active
Filter Cookbook, PostScript video, Case Against
Patents, Incredible Secret Money Machine I, and
Hardware Hacker Il reprints $119.50

LOTS OF OTHER GOODIES

Tech Musings V or VI

sAzk the Guru lorllor Il . .
Hardware Hacker I, 1l or IV
Micro Cookbook |

Paoslboript Beginner Stuff
Posl5oript Show and Tell.
Intio 1o PostScript Video .
FostScript Reference
PostScript Tutorial/Cookbook
FostScript by Example
Understanding PS Programming
mnstScript: A Visual Approach
n=tScript Program Design

| Finking in PostScript
LaserWriter Reference

Type 1 Font Format

Acrobat Reference . A
Whote works (all PostScript)
Technical Insider Secrets

POSTSCRIPT SECRETS

A Book/Disk combination crammed full of free
fonts, insider resources, utilities, publications,
workarounds, fonlwl'abbin , more. For most any
PostScript printer. Mac or PC format. $29.50

BOOK-ON-DEMAND PUB KIT
Ongoing details on Book-on-demand publishing,
a new method of producing books only when and
as ordered. Reprints, sources, samples. $39.50

THE CASE AGAINST PATENTS
For most individuals, patents are virlually certain
to result in a net loss of sanity, energy, time, and
money. This reprint set shows you Don's tested
and proven real-world alternatives 4

BLATANT OPPORTUNIST |
The reprints from all Don's Midnight Engineerin

columns. Includes a broad range of real world,

proven coverage on small scale ltechnical starty,
ventures. Stuff you can use right now.  $24.5

RESOURCE BIN |

A complete collection of all Don’s Nuts & Volts
columns to date, including a new index and his
master names and numbers list. $24.50

FREE SAMPLES
Check Don's Guru's Lair at http://www.tinaja.corm
for interactive catalogs and online samples of
Don's unique products. Searchable reprints and
reference resouces, too. Tech help, hot links to
cool sites, consultants.  emait: don@tingja.com

FREE US VOICE HELPLINE VISA/MC

SYNERGETICS

Box BEO9-EN
Thatcher, AZ B555Z
(520) LZB-L073

FREE catalog: http://www.tinaja.com
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Back in the receiver rooms, two dif-
ferent technologies can be used at one of
the six selectable focal points. Several
frequencies can be monitored at once. A
bolometer, which is a broadband heat
detector, can be used to determine the
overall energy being received.

The other option is a tunable super-
hetrodyne receiver. In that, a Gunn-
diode oscillator and multiplier chain
generates a frequency near that of the
intended reception frequency. That
local oscillator frequency is beamed
together with the received signals
through a window onto a supercooled
SIS tunnel-junction diode. The two
beams interact with the diode’s nonlin-
earity, producing sum and difference
signals. The difference signal is routed
to a microwave intermediate-frequen-
cy amplifier chain. From there, the
received signal is further downconvert-

ed, then is amplified, filtered, and
undergoes digital signal processing. The
usual output is in the form of an intensi-
ty map, often in pretty false colors.

Oh yes, the cooling. Much of the uni-
verse lies at a “night sky” temperature of
4.5 degrees Kelvin, which is four degrees
above absolute zero. Ideally, your detec-
tor should be ata temperature that is sub-
standally less than that. To accomplish
that, critical portions of the receiver elec-
tronics are placed in special Dewars,
which are related to plain old thermos
bottles, but might be the size of a com-
mercial soft-drink supply canister.

Liquid nitrogen is first used as an
intermediate cooler. It turns out that
ordinary liquid helium-4 boils at 4.22
degrees Kelvin. But there is a magic and
stupendously expensive helium-3 iso-
tope that boils at a significantly lower
temperature. By evaporatively diffusing

SOME RADIO ASTRONOMY RESOURCES

Caltech Submillimeter Observatory
111 Nowelo St.

Hilo, HI 96720

(808) 935-1909

Discovery Park
1651 32nd St.
Safford, AZ 85546
(520) 428-6260

Harvard Submillimeter Array
60 Garden St.

Cambridge, MA 02138

(617) 495-7489

Hat Creek Observatory
42231 Bidwell Road

Hat Creek, CA 96040
(916) 335-2364

IEEE Press

445 Hoes Lane
Piscataway, NJ 08855
(908) 981-0060

IEEE Transactions on Microwave
Theory and Techniques

445 Hoes Lane

Piscataway, NJ 08855

(908) 981-0060

International Journal of Infrared
& Millimeter Waves

233 Spring St.

New York, NY 10013

(212) 620-8000

Jet Propulsion Laboratory
NASA

Pasadena, CA 91109

(818) 354-5011

NRAO Observatory
PO Box 2

Greenbank. WV 24944
(304) 456-2011

Radio Astronomy Supplies
190 Jade Cove Drive
Roswell, GA 30075

(770) 992-4959

Radio Sky Publishing
PO Box 3552
Louisvilie, KY 40201
www.win.net/~radiosky

SETI Institute

2035 Landings Dr.
Mountain View, CA 94043
(415) 961-6633

SETIQuest

174 Concord St.
Peterborough, NH 03458
(603) 924-9631

SMT Telescope
University of Arizona
Tucson, AZ 85721
(520) 621-5290

Society of Amateur Radio Astronomers
247 N Linden St.

Massapequa, NY 11758

(516) 798-8459

VLA Astronomy Site
PO Box “QO"

Socorro, NM 87801
(505) 772-4011

www americanradiohistorv com

helium-3 into helium-4, a special cryo-
genic-refrigeration device offers cooling
to within a fraction of a degree of
absolute zero. Since there is only one
naturally occurring helium atom out of
10,000 that is this magic helium-3, spe-
cial and elaborate recycling compressors
recover and reuse this elixir.

For lots more information, you can
visit the SMT’s Web site at maisel.as.ari-
zona.edu:8080. Seasonal Saturday tours
are available through the folks at
Discovery Park. All day tour costs are
around $30. More details on tours and
their amateur astronomy club can be
found on the Web at www.discovery-
park.com.

Some Resources

A superb collection of state-of-the-
art submillimeter receiver papers is
available for your free downloading at
cfarxl.harvard.edu.ix_lab/papers. For
lots more, just search the Web under
“submillimeter”. 1 have gathered a few
additional radio telescope names and
numbers for you as this month’s
resource sidebar.

One good starting point is the NRAO
at info.aoc.nrao.edu. The VLA astrono-
my site, which is just outside of
Magdalena, New Mexico, is certainly
worth your visit. If you do go, the little-
known, secret, Langmuir thunderstorm
lab is on the next mountain over; even
less known is that summer visitors are
welcome to that remote site.

An individual by the name of Jeffrey
Lightman now publishes Amateur Radio
Astronomy: Systems, Procedures and Pro-
ducts. It is sold through his Radio
Astronomy Supplies. Cost is $40. He
also carries the Robert Sickels Radio
Astrononry Handbook at the same price, as
well as lots of other books, videos, hard-
ware, and software.

One good journal I've found on sub-
millimeter receiver technology is the
International Journal of Infrared and
Millimeter Waves. The [EEE Transactions
on Microwave Theory and Techniques is
also useful.

Many hundreds of radio astronomy
books are stocked by Amazon Books at
www.amazon.com One pricey title is
Instrumentation and Techniques for Radio
Astronomy from the folks at the IEEE
Press.

As to amateur astronomy resources
in general, I have just posted a hot linked
download as RESBN67.PDF on my
htep://www.tinaja.com.
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The Four-Year Electronics Degree
Program That Really Hits Home!

Bring The Technology Home With A Bachelor Of Electronics

Engineering Degree. No Hassles. No High Cost!

Nowss the time to prepare for a profitable career.

We've lowered the cost of
higher education.

It's true! You can earn a four-year
Bachelor of Electronics Engineering
Technology degree today ... and
prepare yourself for a high-paying
electronics career ... without quitting.
your job or ever leaving your home.
Because World College, an affiliate of
the Cleveland Institute of Electronics,
offers you the total flexibility of indepen-
dent study programs proven effective for
peaple like you who truly want to suc-
ceed! World College independent study
lessons help you build valuatie skills

Mail/Fax Today
or Call

1-800-696-7532

step-by-step, and expert instructors are
personally available to you with a toll-free
call. What a way to earn an education!

Aworld of opportunity.
Where is your career headed?
With a four-year bachelor's degree
from World College, you call the shots,
chousing from incredible, high-paying
oppartunities in electronics, lele-
communications, computer, eiectrical
powar, and many other growing fields.

World College gives you the skills,
the knowtedge, the power to take
advantage of your best opportunity in
electronics. And you can do it all at
your own pace!

Withoutleaving home.

World College continually works
to provide its students with the most
advanced education tools. From the
fatest equipment and reference books
to breakthrough computer-simulated
experiments, students are exposed to
the latest technological advancements.

Ali the equipment, parts, and soft-
ware you need are included-in your
affordable tuition, jncluding more than
300 hands-on lab experiments you
can complete in your home.

Choose your own pace.

Earn your bachelor's degree
on your time — and at your pace —
because you pay tuition to World
College only as you complete the
upper-level semesters close to
graduation. The faster you make it
through, the less you pay. So you
have an incentive to make your future
happen quickly — yet the freedom
to choose your own pace!

Send today for your FREE
course catalog — and give yourself that
future you've always wanted —
with an electronics degree education
from World College.

Take charge of your future in electronics.
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Four Powerful Reasons

To ConnectWith
World College Today:

1 Earn your four-year
s degree!

z Self-paced
s training!

3 fndependent study in
= your home!

4 Expert
m instruction!

===

GiveMeThe
Power!
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SendmeaFREE |2/ UBY

World College course | .4 G/

catalog today! . WA /
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(Please Print Neatly)
Name
Address
City
State, Zip
Phone (

Age

For faster service, call
1-800-696-7532,
or call
1-804-464-4600.

Or fax this coupon to
1-804-464-3687.
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WORLD

COLLEGE
Lake Shores Plaza
5193 Drive, Suite 113
Virginia Beach, VA 23455-2500.
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Cleveland Institute of Electronics
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moving magnetic
lines induce voltage
INSIDE test probe

FIG. 3—AN END VIEW clearly shows what is really happening: The voltage or current you
see is generated inside of the test lead by simple induction. In essence, the test leads form

a one-turn stator winding loop.

bicolor
LED

- .

current
collecting
disc
on shaft #1

S

strong
axial
magnet
on shaft #2

FIG. 4—A "STATORLESS” TEST SETUP to search for mythical homopolar currents. | would
expect the LED to light to one color given enocugh positive relative rotation, and light to the
other color on enough negative relative rotation. Brightness should be independent of

absolute magnet speed.

The Enigma of The Faraday Disc
There is a cute variation on the
homopolar generators we looked at last
month that is newly kicking around the
Web. Some pseudoscience enthusiasts
may show vou a “simple experiment” that
“proves” you get homopolar energy when
there is zero relative motion between the
moving magnet and its collecting disc.
Naturally, I believe that claim lies
somewhere between “a useful adjunct for
porcine whole body cleanliness” and
total hogwash. Figure 2 shows the
scheme. A strong axiallv polarized disc
magnet is placed on a shaft next to a fixed
collecting disc or cup. Spin both with an
clectric dnll, and sure enough, vou could
easily convince yourself you are measur-

ing voltage and current from shaft to the
cdge of the disc despite there being zero
relative motion between the two. Too
bad it ain’t so.

Take a close look at the bottom inch
of the shaft test probe in Fig. 3. It shows
that in this set up, you have moving mag-
nedc flux lines cutting a conductor (the
probe itself). Ergo, classic physics tells us
you'll get an induced voltage. In other
words, the voltage you see is generated
inside of the test probe, not across the
collecung disc!

To prove this to yourself, just move
vour probes around. In particular, I'd
certainly expect the polarity would re-
verse if you put the probe on the other
side of the magnet.

www.americanradiohistorv. com

One more time: The voltage is
being induced inside of your test probe!
In essence what you have is a one-turn
stator coll formed by your test probes
and leads.

The voltages and currents claimed
suggest hundreds of microwatts of
power, which is about the usual measure-
ment-error “fumes” you’ll probably find
in almost any lab. I'd expect a modern
magnet at high speeds to produce watts
to tens of watts in a real generator. I'd
also be wary of measurements that are
one-millionth of the field energy present
in the nearby electric drill.

It seems that Faraday himself also felt
he observed a homopolar output with a
zero relative motion between rotating
collector and magnets. Was Faraday
right, in which case nobody’s bothered
to commercially develop an obviously
powertul new generator in the last 162
years, or was he wrong, making a subtle
but simple lab error in which all of the
observed voltages were generated inside
of his test leads?

[ feel the elegantly simple test of Fig.
+ can easily sort this out. The trick is to
eliminate any “stator” on your machine
and get rid of all ineasurement wires.
Instead, you’ll immediately convert your
generated electricity to light. Do this by
soldering a two-color LED between the
center and the edge of your collecting
disc. Then arrange for the disc and your
magnet to be separately rotatable.

Here’s what I'd expect to happen:
Keep the magnet stationary and then
rotate the disc fast enough to light the
LED to normal brightness. Now, start
spinning the magnet in the same direc-
tion as the collecting disc. As the magnet
speed increases, I’d expect your LED to
dim. When the magnet speed is zero rel-
ative to the collecting disc, I'd certainly
expect zero light output. And as the
magnet speeds up I'd expect a brighter
light of the opposite color. The results
should depend only on the relative
speeds between your disc and the mag-
net and not upon the absolute speed of
the magnet.

If I am wrong on the results of this
simple experiment, I will be most happy
to publicly apologize. But then again,
you won’t be worrying about that,
because your picture will be on the cover
of Science magazine. Many thanks go to
Bill Beatty of www.eskimo.com/~billb
for all his “look at the stator” comments
on this. Visit his great Web site, which
covers both real science and pseudo-
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science in depth. Details on the experi-
ment itself can be found lurking around
www.keelynet.com, and much more on
pscudoscience is at www.tinaja.com/
pseudo01.html.

A Clarification or Two

Uh, whoops. The energy density fig-
ures in my recent hydrogen story (Tech
Musings, Electronics Now, Septentber
1997) were high by 1000. In reality,
hydrogen has an energy density of
around 38,000 watt-hours-per-liter or
38 kilowatt-hours-per-liter. All these
values  have corrected  in
MUSE1LS.PDF, which is on my
www.tinaja.com Web site. Sorry about

that.

been

Continuing with our discussion of
that column, one individual was critical
of my failing to include Browns Gas.
Brown’s Gas is a stochiometric mix of
two parts of hydrogen to one part of
oxygen. It sees some limited commercial
use in specialized welding torches. But
unquestioning Brown’s Gas enthusiasts
make outrageous claims, such as over-
unity energy production, radioactive-
waste neutralization, and even negative
pressure generation, all without credible
and verifiable proof to any acceptable
standards; at least none that I've seen.

I strongly feel that Brown’s Gas
clearly passes my subjective “looks like a
duck; quacks like a duck; is gonna lay
some eggs” pseudoscience test, if for no

NAMES AND NUMBERS

Alsa Softouch
2640 E 37th St.
Vernon, CA 90058
(213) 581-5200

Applied Microwave & Wireless
2245 Dillard St.

Tucker, GA 30084

(770) 908-2320

Hitachi

2000 Sierra Point Pkwy.
Brisbane, CA 94005
(415) 589-8300

Home Power

PO Box 520
Ashland, OR 97520
(916) 475-3179

innovation

2011 N Shoreline 21L-415
Mountain View, CA 94043
(415) 933-6502

KeelyNet BBS

Box 1031

Mesquite, TX 75149
(214) 324-3501 (BBS)

Langmuir Labratory

NM Institute of Mining & Technology
Socorro, NM 87801

(505) 835-5423

Laser Wizard

705 G Washington Ave,
Norristown, PA 19403
(610) 539-4708

Lindsay Publications
PO Box 538

Bradley, IL 60915
(815) 935-5353

Newnes

313 Washington Street
Newton, MA 02158
(617) 928-2500

Recharger

4218 W Charleston Blvd.
Las Vegas, NV 89102
(702) 438-5557

Ricoh

3001 Orchard Parkway
San Jose, CA 95134
(800) 957-3436

Science/AAAS
1333 H St. NW
Washington, DC 20005
(202) 326-6400

Sharp

Sharp Plaza
Mahwah, NJ 07430
(201) 529-8757

Synergetics

Box 809

Thatcher, AZ 85552
(520) 428-4073

Texas Instruments
PO Box 809066
Dallas, TX 75380
(800) 336-5236

Don Thompson
6 Morgan #112
Irvine, CA 92718
(714) 855-3838

Wireless Design & Development
301 Gibrattar Dr.

Morris Plains, NJ 07950

(201) 292-5100

other reason than the outlandish claims
and nature of the totally clue-challenged
denizens it attracts to the Web.
Pseudoscience is a field I closely mon-
itor because it includes such mesmeriz-
ingly awful fiction; stuff that is not even
wrong. If I ever do discover any credible
evidence to the contrary, Ill be most
happy to research Brown’s Gas in more
depth and thoroughly report it, though I
do not expect that to happen until after a
certain warm place freezes over. You can
find more on tinaja.com/pseudo01.html.

New Tech Lit

There’s a whole flock of new and free
CD-ROM data disks this month: From
Texas Instruments, there’s the Logic
Selection Guide and Data Book; from
Hitachi, their H8/ 300 Sertes Embedded
Microprocessors disk; from Sharp, « Flash
Memory Data Book; and from Ricoh, full
details on CD Recording Media.

Home Power magazine offers their
new Solar 2 CD-ROM. It uses the latest
version of Acrobat for totally searchable
and full color images of 3900 pages of
Home Power from Issue 1 through +2.
Topics include everything from photo-
voltaic cells on up through electric vehi-
cles to solar cooking to water pumping
and more. It costs $29, including US
shipping.

Several exciting new laser printer-
repair instruments are newly offered
from Laser Wizard. Those calculator-
size units plug into popular Canon
engines and give you all sorts of new-
found diagnostic and control powers.
Their PIC-based SX30 runs $295 and is
the basic unit for SX engines. Add-on
$99 adaptors are available for the NX
and BX engines. These can let you man-
ually control the printer at the engine
level while overriding cover switches and
reading error messages.

Laser-printer training and repair
parts still remain available from Don
Thompson, while cartridge refilling
opportunities abound in Recharger mag-

NEED HELP?

Phone or write all your US Tech
Musings questions to:

Don Lancaster
Synergetics

Box 809-EN
Thatcher AZ, 85552
Tel: 520-428-4073

US email: don@tinaja.com
Web page: hitp://www.tinaja.com
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azine ads and stories. More on the neat
things you can do with toner in
RESBN68.PDF on www.tinaja.com.

Free samples of a new ultra-tough
Softouch leather-like coating is available
from Alsa.

New books from Newnes include
Inside PC Card Design by Faisal Haque
and Cellular Telephones and Pagers
Querview by Steve Gibson. The latest of
“new” old titles from Lindsay Pub-
lications include L.C. Engines Volume I,
which is a collection of patents on early
internal combustion engines, and new
books on lathes, saw blades, and milling
machines. Lindsay’s Web page is at
keynet.net/~lindsay.

Innovation is a brand new publication
for you users of high-end graphics com-
puters. It is apparently a continuation of
an older IRIS Universe magazine. Free
subscriptions are available to those
with a genuine interest. Two useful
wireless trade journals are Applied
Microwaves & Wireless and Wireless
Design & Development.

For the insider secrets of starting up
your own technical venture, see my
Incredible Secret Money Machine 11, which
is available as mentioned in my nearby
Synergetics ad. You can also preview the
introduction at www.tinaja.com/ismmOl.
html. Also check my new Infopack ser-
vice, which quickly gives you custom and
cost-effective research solutions. As
usual, most of the mentioned items
should appear in the “Names & Num-
bers” or in the “Radio Astronomy Re-
sources” sidebars. Always do check here
before you call our US technical helpline
shown in the “Need Help?” box you'll
find nearby. Let’s hear from you.  [2Y]

ABC ELECTRONICS 315 7TH AVE N. MPLS. MN. 55401
(612)332-2378 FAX (612)332-8481 E-MAILSURP1@VISI.COM
WE BUY TEST EQUIPMENT AND COMPONENTS.

VISIT US ON THE WEB AT WWW.ABCTEST.COM

TEK 7B15 | GHZ DELAYING TIME BASE $250.00 TEK 2245 100 MHZ 4 CHANNEL O-SCOPE $1200.00
TEK 2465A 350 MHZ 4 CHANNEL O-SCOPE $3200.00 TEK 7A19 600 MHZ SINGLE TRACE AMPLIFIER $150.00
TEK 7A26 200 MHZ DUAL TRACE AMPLIFIER $75.00 TEK 7B85 400 MHZ DELAYING TIME BASE $125.00
TEK 7904 500 MHZ MAIN FRAME $250.00 HP 1630D 25 MHZ LOGIC ANALYZER $250.00
TEK 577/177 CURVE TRACER $1500.00 TEK 7811 SAMPLING PLUG IN $200.00
TEK 7812 GENERAL PURPOSE SAMPLER $350.00 FLUKE 95 SCOPE METER NO PROBES $600.00

TEK 453 S0OMHZ OSCILLOSCOPE $200.00 FLUKE 97 SCOPE METER WITH PROBES $1000.00
DRANETZ 626 DISTURBANCE ANALYZER $1500.00 HP 8182A 50 MHZ PATTERN GENERATOR $300.00
GENRAD 1657 RLC BRIDGE $750.00 PHILLIPS PM3296 400 MHZ OSCILLOSCOPE  $1000.00
TEK 7D20 PROGRAMMABLE DIGITIZER $500.00 EMI SCR 7.5-300 7.5V 300A POWER SUPPLY  $500.00
TEK 465 100 MHZ OSCILLOSCOPE $400.00 HP 8558B SPECTRUM ANALYZER $1500.00
TEK 465B 100 MHZ OSCILLOSCOPE $450.00 WAVETEK 175 WAVE FORM GENERATOR $500.00
TEK 2335 100 MHZ OSCILLOSCOPE $1200.00 WAVETEK 157 PROG. WAVE FORM SYNTH.  $500.00
TEK 2215 60 MHZ OSCILLOSCOPE $350.00 RACAL DANA 1901 100 MHZ COUNTER $200.00
TEK 496P 1KHZ-1 8GHZ SPECTRUM ANALYZER $5000.00 VALHALLA 2790B SYSTEM INTERFACE $150.00
BRADLEY 132 SCOPE CALIBRATOR $700.00 GENRAD 1683 RLC BRIDGE $300.00
PHILLIPS PM3350A 60 MHZ DIG.STORAGE SCOPE  $1000.00 HP 3455A MULTIMETER $300.00
HP 8601A 110 MHZ SWEEP/SIGNAL GENERATOR $400.00 HP 3456A MULTIMETER $450.00
TEK FG504 40 MHZ FUNCTION GENERATOR $500.00 FLUKE 5200A AC CALIBRATOR $1500.00
HP 54100A 1GHZ DIGITIZING OSCILLOSCOPE $3000.00 TEK TM304 4 SLOT POWER FRAME $125.00
HP 8170A LOGIC PATTERN GENERATOR $150.00 HP 4955A PROTOCOL ANALYZER $500.00
SYSTRON DONNER DPSD 50 $500.00 MAGTROL 4614 POLYPHASE POWER ANLZR. $300.00
LEADER LSG215A 125 MHZ SIGNAL GENERATOR  $700.00 TEK CT-5 HIGH CURRENT TRANSFORMER $500.00

SPECIAL THIS AD ONLY TEK 475 200 MHZ OSCILLOSCOPE REGULAR PRICE $500.00 SALE PRICE $400.00
SPECIAL THIS AD ONLY TEK DAS 9100 AS IS NO PROBES THESE UNITS ARE UNTESTED NOT REJECTS $150.00

TOG

/{EST PRICE!

JIAHMES ELECT

P=

ALL MAJOR SYSTEMS

' FOR ANY U.S. LOCALE.
* JERROLD ¢ ZENITH* REGAL
* PANASONIC * SCIENTIFIC ATLANTA
* MAESTRO- BOSS « TOCOM+ PIONEER

1YEAR WARRANTY ON ALL PRODUCTS!
CALL TOLL-FREE NOW FOR PRICE QUOTE.

1-800-676-7966

Since 1965, we've worked to make sure all children have the opportunity to
learn valuable lessons during the years when it's easiest for them to learn.
To find out how you can help, call your local Head Start.

My
-

Nurture the future Sﬁ

Couai BE A HEAD START VOLUNTEER
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SHOPPER

From MILLIWATTS to KILOWATTS

RF POWER TRANSISTORS ¢ TUBES

POWER MODULES
—

Best pricing on U.S. & Russian

® o
Transmitting 8 Receiving Tubes gyatiana
3-500ZG + 811A - 833A - 572B
4-400C - 6146B&W - 8560AS + 8875 + 3CX400A7 & U7
3CX1200A7 & Z7_+ 3CX1500A7 + 3CX3000A7 - 4CX250B & R
4CX400A - 4CX800A + 4CX1B00A & U + 5CX1500A & B
including full range through 4CX20,000A

NOW
YOU CAN “SEE”
INVISIBLE FIELDS

AND AVOID THEM

Mbst homes and offices
hawe hot spots with strong
artificial electro-magnetic
tields, where chronic

exposure may cause "
mzntal or physical problems Eventha EPA names these

Complete inventory for servicing

fieds as suspected carcinogens. You can reduce your gerE%i'%ll%H' amateur 3'!d comrr.lerclal

ric< by avoiding these high-field araas. communications equipment.

The Trifield™ meter detects far more of these fields than any other Transistors « RF Modules * Trimmers

electromagnetic pollution meter. It's the orfy one that independently Doorknob Capacitors + Heatsinks MOTOROLA
re=ds AC electric fields, AC magneric fields, ard*adio/microwaves. Italso Bird Wattmeters - Relays TOSHIBA

rezds field strengths in all directions simultazeously. Every other meter Broadband Transformers & Combiners

the- sells for under $500 reads only magnetic 2rd only in one direction —
the= can entirely miss a magnetic field uniess pointed correctly and are
blind to radio/microwaves and electric fields, be thof which cause biological
effects.

Thz Trifield™ meter reads all three types of fields numerically and with
a SAFE/BORDERLINE/HIGH SCALE, weighwec proportional to effecton
the body. Thresholds are based on epidemological and laboratory
stucies. (While no absolute hazard thresholds have been established,
recuction of relative exposure is prudent.)

The TriFisld™ meter comes ready-to-use wit battery, instrictions, and
one year limited warranty. The cost is $144.5C postpaid.

«, Send for your FREE 1997 Catalog
7 Same Day Shipping on most orders.

800 RF- PARI'S U 760 744-0700

Fax: 888-744-1943  760-744-1943
e-mail: rfp@rfparts.com

RF PARTS

435 SOUTH PACIFIC STREET
SAN MARCOS, CA 92069

AjphaLab, Inc. / 1280 South Third West / Sal: Lake City, UT 84101-3049
For literature and inforrration, call (808) 874-9126

Digital Entertainment GREAT VALUES

2] usss g’sﬂ

3 Axis Motion Control System
Complete, ready to run
$ 255.50 4+ 12.00 sH

Cable TV

Converters

$AVE
$100s

39 Day Money Back Guarantee

|

|

|

| Call Us Last!
IWeuwaeatanyadvertlsedpncel
|

|

|

Dealers
Welcome I

MAXNC .
EB@M&‘“ Pzt R 6509 W. Frye Rd. Suited 19187394879 1018 Frontier D,
2 Chandler AZ 85224 218-739-5231 Fergus Falls, MN 56537

1-800-842-9670|

httplwww.cdelectronics.comlcd ’l

Build or adapt CNC mills, CNC routers, Robots, Etc.
Includes: 3 Stepping motors (70 ozfin 200 stepsirev).
External board (connects to parallel port of a PC). Power
supply. Cables, Manual and the MAXNC drive software,
with linear, circular and helical interpolation, acceleration
deceleration, full contouring, ‘G’ code programming,
screen plot, code generation from CAD (CAM), and more.

For more information,
phone or 'write to:

Ph (602) 940-9414
Fax (602) 940-2384

wWwWWwW americanradiohistorv com

Compare fo Cable

50%

Coll Now 300-543-3025

KSkyvision

www.skyvision.com
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to pirate software (warez),
Password Defeats, Packet- ey

Switched Networks, Unix, e
Sgrintnet, X.25, anonymous
FTP. Examples, countermeasures, and more!

We design/build/modity/repair/consult on "oo
any device / system / process / project elec-
"tronic / computer / mechanical }aop(ical (eg:
hone/auto/security/Radionic/lab/energy/
v/ EM/RF/radar/ultrasonic/lR/LPV/
commo) for business and personal/invention
needs. Describe & include nonrefundable $30
pre-engineering fee. Time & cost estimates sent

BETTER!

o
P.O. Box 23097 ABQ, NM 87192

ORDER TODAY! 505-237-2073 Beitucuci-Lummt i,

in 7-10 days. Confidentiality guaranteed! . oSk e e 7 0 ‘1835“2 "Qﬂl"
ax: - - roviders contain personal data | s,
OFF'THE'SHELF I:ccessible 10 Inten?; redators. SR e

Protect your privacy! CT details how to
remove and stop these from destroying your privacy,
and how to keep them off your drive!

Web Adventure: www.tsc-global.com
Established in 1971, Featured on CBS "60 Minutes," Forbes, New York Times.

Add $5 total S/H (US, Canada). Mﬂwm? N !1‘; NE
MCOK.  COD ($49-5999), add 7. : J

Postal M.O. is fastest. ~ VISA, \ ;
The Net is infected with spam-

STOPPING B g
POWER METERS

anonymity. Learn step-by-step
P}:ow'to trace them'down usir}g ;his lcorlt; I
€nsive, eye-| N, 4 H
As reported on "60 MINUTES"! How devices S 'yl";o;{?] ; mban-ua C")MIW $591
can slow down (even stop) watt-hour meters - pecial.; AllS above, Un <
while loads draw full power! Device plugs P P —
into one outlet and normal loads into other outlets,

COMPUTER e
Describes meter creep, overload droop, etc. Plans! PHREAKING
: External magnetic ways (acfplied to meter) to slow down
s.

Describes in detail how com-
and stop power meters while drawing full loads. Plans. $25.

HARDWARE

an Eck Systems & Data Card Reader/Writers
*RF/EM/uWave/Radar/Ultrasonic/IR/
Light/Sound Detectors/ Xmitters/Jammers/
Blasters % Security/Surveillance & EM Weapon
Countermeasures % Neurophone/Rife/Crystal
Radionics % Bug & Tap Detectors/Blasters &
Lineman's Handsets % Phone Color Boxes #
Voice Disguisers & ESS Infinity Devices %
DTMF Decoders # Child Finder % Panic Button
* Slot Machine Masters % Subliminal Mixer/
Amps (Ultrasonic/Infrasonic) & TENS & Hear-
ing Assistors # Electronic Dowsers kShriek
Modules % Ghost Detectors % Vortex Genera-
tors & Alien Brainblasters & 6th Sense Com-
municators % More! Order Catalog Today!!

AUTOMATIC [T )

puters penetrate each other,
and how VIRUSES, TROJAN
HORSES, WORMS, etc are
implemented. Dozens of computer crime™
ang abuse methods and countermeasures. In-
cludes disk filled with hacker text files and
utilities, and the legendary FLUSHOT+ protec-

KW-HR METERS: How watt-hour meters work, calibration, error modes
(many), ANSI Standards, etc. Demand and Polyphase Meters. Experimental
results to slow and stop meters by others. A reafeye-opener! $25.

Special! All 3 (above), Only $59!

MACHINES

ATM crimes, abuses, vulner-
abilities and defeats exposed!
100+ methods detailed, include:

Physical, Reg,. E, cipher, PIN compromise, card . > i tion system. Internet advice, password defeats,
counterfeiting, magnetic stripe, false front, {3 {e] 1 ]:I'Ts ; SEICRY YV A {32111, | glossary - much more! Manual + PC Disk!
TEMPEST, Van Eck, tapping, spoofing, inside [PA-mre el S 0 SHREA il f YU Tll

job, super-cool, vibration, pulse, high voltage - R € /] &%’éf’f/ 5 (D L L
others. Case histories, law, countermeasures, [Dozens of PCB's de- | #, x:f Eavesdropping on M"";@ | p - k3
detailed security checklist, labeled scribed - many circuits. [~==S3957% [ | TV and computer 'g}-ﬁﬂ'jwl 1111 ‘ L

internal photos, figures. ATMs

video signals usin
contain up to $250,000 in cash!

&Y
an ordinary TV

Plus Call Forwarding, [ise~ta=™ o —
Conferencing, Phrea%( By 5 e- <] $4¢9

BY AN ORDER OF THE MAGNITUDE

frequencies, advantages-over [i&== B
and uses with celiphones, and <X
tips and tricks. How Pagers are hacked and
countermeasures. Includes plans fora Personal
Pocket Paging System (xmitter and receiver).

and erase messages,

f 4.0 : 2 " ]and to convert them into mini-
4 VMBs. Plus countermeasures - protect
yourself from hackers/thieves! $19.

Fear increases over EM and ultrasonic mind control tech-
noiogies - especially implants! Mang have been victim-
ized. Learn shocking truth about this bizarre phenomena!

THE PLACAK REPORT 529

How to read and decrypt the magnetic flux-reversals on
popular credit/debit card magnetic stripes. How to deter-
mine the PIN, bank number, more! No hardware needed!

HIGH VOLTAGE DEVICES $29

Many HV device plans: Stun Gun, Taser, Prod, Cane,
Flasher, Biaster, Zapper, Radarp]ammﬂ, Jacob's Ladder,
Fence Charger, Geiger Counter, Fish Stunner, much mare!

RADIONICS MANUAL 529
Exciting electromagnetic therapeutic, dlagnostic devices
(mostly experimental). Descriptions, plans, availability.

4

Lo i ° i Th t co hensive, hard-hitting, hi-tech svr-
0 D/ 3 '] f History, Glossary, Diverters, Extend- scribed in detail. Ra"Ee ‘éf“ 1o LKM. | Ji Mbook ever writtent Toyics Fciude clectronic,
‘ BEEP D b ers, Loops, REMOBS, Bridging Heads & | Plans include both the Consumer- computer, cryptography, chemistry, weaponty,
5 ; I0er Cans, Optocom, 3rd Party and many | tronics Tempest and the original Top ‘ﬁm“;:,aﬂxs'{':OF'}:SIS(";‘&:;‘l'fu';g";f‘l'&;‘%lg-s};
; ange. Field-
Describesin desaliowiPasers L Tif other non-box methods - more! $29. Secret Van Eck designs! More! $29. | BIUS 0 P Shangs confligt environments! Morel"
work, different types and uses, [gu"mni : it CRED ARD 6 MIND CONTROL $29
YPpe! ) fEE L > \j y
e L,

l N i -~
Ton
i Completely describes
y every known means
of credit card fraud [
and scams. How it's
done, how to protect

yourself, and countermeasures!

[

All the known ways Y
answering machines [lj’{e

(i}
are hacked to listen to @/%17’", ‘;

$29.

Describes in detail how Fax
Machines are hacked and /(&
countermeasures. Includes G3 [z
Fax protocols, commo param-

eters, compression algorithms, Class 1 &
Class 2 commands, Spy Fax Switcher, Fax Serv-
ers, FODs/FOCs, and Makeup/Terminating
Codes. And Insights into designing Fax inter-

A Cheaters Guide to
Gaming! [ncludes: The
Rules of Cheating,
Blackjack/Poker/ Slots
Cheats, Card Tricks, Inside

Jobs, Surveillance, Cheat Devices, much

ALLERID & A
7
Details on how the Fg[ e
work and dozens of ef- [N A1 AY
fective ways of defeat- | /™muneng,
ing Caller [D, ANI, *69,

B
i
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ception devices and modifying existing Faxes | “5/, Call Blocking,*67 etc. Also more! Written by a gaming professional! | * A
im'f, Stealth Faxes. Eye-poppyinggan):‘] invagluable! describes Caller ID, Orange, Beige, | Learn tricks m‘f{ wﬁ\ big%gcks! $18. =
Cheese & CF Boxes, ESS, $57, E-911, vari-
42 N ous Class services, CN/A, Non Pub DA,
CAMA, DNR, 800-ECR, Diverters, LD L B 2
S Extenders, Centrex - much more!  $19. ‘ = po -
PBXs are hacked to the tune of - Y h L, 5 s
about $8 Billion/yr! "PBX Q [ i i e
Hacking" exgoses all issues DD » il R T
relating to PBX hacking, in- Learn how they are ’ 5 ' ! -
cluding countermeasures. This manual reprogrammed and ' i '8 [
was fealured in Forbes Magazine! Shocking! cloned. Vulnerabili- ;
ties, scanning, con-
VOICE MAIL trol data fogr’mats, freq. ALL=-NEw ToP SECRET
HACKING and }c‘hannel allloocz_nions, roamin CATALOG. FEATURES
Exposes how Voice Mail Box much more! 10 times more info :
sysliems are used and specific [/— than any competitors' manual! $59 200+ EXCITING =

i Wy,
s et o w« HACKER FILES V74w

CENTER, BIX, GENESIS, RSV, 100s of the best eye-popping articles
Yackers/ phr

Hi-TecH PrODUCTS! W
CENTAGRAM, EZ, AUDIX, SYDNEY, PHONE | yritten by top hac e ert

MaiL *3, OR *] WITH ORDER! e
to
MAIL, CINDY, SPERRY LINK, etc. A must for [ ASCII text. Cgvns ever%)m ’or' lo;zic in
isks!

T
ORDER ToDAY! "~
all users, hackers, and security personnel! hackerdom! On 3 HD PC 39.
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Prices Ettective
November 3

through
December 31, 1997
To take advantage of
these prices, you must

ELECTRONICS’

DTMF Decoder

With Display

Assembled board decodes all 16
DTMF digits from any speaker level
source and displays information on an
8-digit LED display. Scrolling left or
right allows display of up to 104
characters. Serial ASCII output and
“Tonelog” IBM/compatible logging
software allow viewing and storage on
your PC. Power requirements:
12VDC, 200mA. Dimensions 6" x 2%".

111-2491  DTMF Decoder $105.0C
111-2481 Interface cable (DB-25) 29.0C
111-2482 Interface cable (OB-9)  29.0C

Order #  Description (ea.) r

30 Plece Security
Screwdriver Insert Bit Kit
This is a complete set of security bits
for all of those difficult service
applications, such as IBM PS/2
monitors, cable boxes, telephone
equipment and many others. Kit
includes security hex keye, security
torx bits, spanners, tri-wings an more.
Order # Reg.

s sato ©19.99

Eray
e A

"' FREE

60 Plece Audio Lamp Kit
Save when you purchase this kit,
loaded with popular audio lamps used
in the repair of amplifiers, tuners and
tape decks. Kit contains 6V, 8V, and
12V Fuse type, sub miniature and
grain of wheat bulbs.

s . 517,95

Mylar Capacitor
Assortment

Contains 200 short lead mylar
capacitors. Voltages and values will

vary. Voltages range from 50~603VDC.

Values range from .001MFD~.47MFD.
Order # (ea.)

102-029 $6.95

supply this
special price code:v

SOURCE CODE:
ENS41

8" Poly Cone Woofers
Perfect fo- replacement,
upgrade o original
manufacturing in most speaker
applicatians. They feature
polypropylene cone, foam surround
and high temperature voice coil.
Power capacity T0W/100W RMS/peak,
40Hz~8KHz response, 1%" voice coil,
18 oz. magnet and SPL 87dB.

Order # Impedance Regular

55-1195 8ohm '$11.95
55-1605  4ohm 1085

#72-545
Only

TEANMA' 49, gS(ea.)

Isolation Transformer
Provides isolation from AC line when
servicing “hot” chassis equipment.
Eliminates shock hazard and
prevents damage to AC line operated
test equipment. Includes fused 160VA
isolated outlet and fused 500VA direct
outlet. Dimensions 3% (W) x 5% (H) x
3% (D).

110 Watt Subwoofer
Power Amp Module
MCM now offers the ultimate subwoofer power
amp module for all your home audis and home
theater projects. It can be built directly into most any
existing subwoofer enclosure, requiring a cut—out of
only 10" x 7", and accepts either speaker level or RCA
inputs. Features include an auto sense circuit to turn on amp
when music is present, and 60~160Hz continuously variable
12dB crossover.

1-800-543-4330

Same Day Shipping!
In stock orders received by 5:00 p.m.

{YOUR TIME), are shipped the MCM ELECTRDNICS’

650 CONGRESS PARK DR.
CENTERVILLE, OH 45459
A PREMIER FARNELL Company

SOURCE CODE: ENS41

same day.

Hours: M~F 7 a.m.~9 p.m., 3at. 9 a.m.~6 p.m., EST.
Visit MCM’s website at www.mcmelectronics.com
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WELLER SOLDERING STATION - #00eL Wi 106
« Variable power control (5 to 40 watts)
* Replaceable heating element
 Quality light-weight pencil iron

DUAL-TRACE OSCILLOSCOPE 4§ e preczsion FUNCTION GEN.

g |5 MHZ, DIGITAL CISPLAY
ooxd | mooet 4017 $230

SOLDERLESS BREADBOARD

5L | 830 te points, MB102PLT
model features 3 binding posts
and aluminum backplate.

SOLDERING {RON 3-WIRE
= | HIGH PERFORMANCE

il [ #060501 =g

$525

\ilit} | SOLDERING IRON STAND

-

1}
SWITCHABLE X1, x10 $12%5 ALLIGATOR LEADS 321 3’&. HEFRE P $3%0

57| HAND

DIGITAL MULTIMETER W

WIlH CAF/FREQUENCY/
TRANSISTOR TESTER

50¢ ea.  gn-ON

WITH

=M 8, MAGNIFIER &
#060836

HIGH QUALITY TOOLS
With Cushion Gr_/ps and Return Spring | LM555 10 Min. ..o

PAD-234 DIGITAL/
ANALOG TRAINER

3150

Part Ro. 1-9 10+
s | MB102 595 5.00 ¢
MB102PLT 895 8.00 1 LB. 60740 Solder Roli .031+ $§95
RESISTOR KIT DESOLDER PUMP W/TIP $350
1/4W 5% film. 5

pieces each of 73 15 TURN POT
values. 365 pieces

total.

r Y939

Diagamal LM741 10 win. .

PN2222 10 win. ....

POWER SUPPLIES
0-30 VOC, 0-3 Amp. Buit-in current | - Green LED T 19/ 10 Min.
limiting, overioad protected, constant
voltage and current operation.
Analog Cisplay $1 59.00 | 100K Pot., 1° Shafi PC Mt
D|g|tal Dlsplay

supplies, function generator,
digital I/0, rugged design,

FAX: 732-381-1572

“%7| Phota Cell 10 M. ...

296.00 0022402

5 Blair Road Avenel, NJ 07001-2293
800-972-2225

Cutter 74LSC0 10 Min. ...........
4’ 7805 Requlator 10 M. ..
$995 2N3904 10 win. ...

Red LED T 1% 10 win. ...

L=« #l| Yollow LED T 19 0us. .

£5 69¢ ea.

Boums 3006P se-
ries. All standard
values available. -

60¢ ea.

http://www.elexp.com
Email: electron@elexp.com

Electronics Now, December 1997
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Does.. 1. MOTOROLA (incudes elite and EE3)! 2. NEC (includes
P100-200-300-400-600-700)! 3. AUDIOVOX (does new 800 & 850)!
4. PANASONIC! 5. SONY (H333)! 6. MITSUBISHI-DIAMONDTE.L!
7. GE-ERICSSON (includes new version)!

We offer complete upgrade options on older units as well as new
and replacement cables. We also offer used and refurbished units.

For a compete catalog, visit us on the web at www. ceIItec com
All units are sold for .

CALL US TODAY AT 770.973.8474

CIRCLE 323 ON FREE INFORMATION CARD

Upgrade

Your Old Copy

cat NOW
toa 7-Way

with EE3

& StarTac

7 SEG. DISPLAY

MAN72 C.ARed 03"
MAN74 C.CRed 0.3

FREE GATAI.BG

MORE
Low-Priced

*cables optional
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PROFESSIONAL DESOLDERING with the New & Improved

More Vacuum  pIngE O gogfviy/

Nortnan - Normans Flectronics Inc. Atlanta GA  404-451-5057
Awstdfecuvcsohmmtodmokbmga]m;xmtallssm
md most equipment. It’s performance is

Mike - Service Center -Van Nuys

CA 818

The smFle best investment of repair equipment we’ve
t

outperforms all other desoldering tools we’ve
used. Easier to use and least expensive.

Quicker Vacuum i et | i L
‘ﬁxﬁwgfmz

Bob Monroe - MLA.R.C. Electronics - Virginia Beach VA 804-468-3932

1I:,Scc-:st mvgstment we lv(: lggde thSavc-:s time, ;::s 3 e‘dlally u\‘Vlt.h6mult.l t}?dedd Ay S
tre; arran
repgcsed l)a(y Dnéb?,-(gﬁagvenwghtw D R ,,\/\\ d&cs)ﬁrldenﬁstanms with thel: Ssedwoth
- Dicks Flectronics - Hartland WI 414-367-8339 meu‘ffpmf‘ma“’p;‘;‘”’“ W‘
of component removal greatly pmdn:uve time. The portability, and reliability over

?ﬁneﬁmsmnmvmmﬂmﬁmm Sale Price ou previous higher priced

George Hefner - Hefner Electronics - NE 402-283-4333
BemF a one-men service center, I hesitated to spend the money on a $ 3 9 5 00 Bill Warren CET/CSM
desoldering tool , however all that changed when [ ‘nearly ruined a $: = wamlﬂgs & Video

computer logic board. It has cut my desoldering time by 50%.
We have been extremely satisfied
g /\// with the quality and durability of
Higher Temperature s AR B S el
nl’lfe ncludes with after the sale support.

Don Cressin - Certified Electromics Serv ice - Elicott City MD 301-461-8008 stand worth $25.00 . —

We have obtained excellent resuits with the SC7000 including repairing !‘ 525 gg:hh‘?‘]&‘f; %&_%E‘;f&o mes

high density U/V tuners. Itis one of the best purchases we have made. ane oxtea flhﬂ' ﬂﬂd It's a must tool for my bench. I can
Electronics - LuRay VA 703-743-5400 desolder multiple pin IC’s quickl

mgmmmeSC;(XI)maﬂysavmnxzryv&wmmgvmvahnbbumem t t' flmner‘ and clean. Itvenllgven lakgup g

troubleshooting, & allows you to be mare accuraie in removing SMD's. wo IP M large solder amounts on tuner and

Randy Whitehead - Service West - sa:u.eaym 801-262-4069 case grounds.

My techs thought it would be a waste. I b-)u t one anyway after a demo.

y techs then Tought over it. Now we ha\e ee. It is the

dcsoldenng tool we have ever used.

Same Low Price
New Features New Specifications

AC100v,120V,230V,50/60HZ

Check us out on the WEB
http://www.heinc.com

@  Totally Self Contained diaphragm vacuum pump and AC motor for ¢ Voltag

high vacuum suction or reversible hot air blow for SMD removal. ¢ Power Consumption 120w
¢ 100Watt Ceramic heater with zero-crossover switching heater ¢ Pump Diaphragm Type
control circuit which prevents spikes and leakage currents. ¢ Motor Cutput 12w

¢ Unique patented long lasting filter cartridge design. Solder builds up on ¢ Vacuum Attained———650mmHg
easily cleaned baffle, while air flows around the outside of baffle. ¢ Temperature Range———300°C—500°C (572°F—932°F)
¢  Totally ESD Safe. The housing contains carbon and the tip is at ¢ Air Flow Rate——————15 Liter/Minute (Open)

ground potential for complete ESD Protection. ¢ Heater 100W (Ceramic)
¢  Maximum vacuum of 650mmHg is attamed in 100 milliseconds. ¢ Control Syste Feed Back Zero Cross-over Type
¢  Temperature adjustable from 300°C - 500°C (572°F - 932°F). ¢ Net Weight-————————420Grams
¢  More suction power and hotter temperature if needed. ¢ Max.Temp. of Hot Blow——400°C

Visa - M/C - Discover - American Express - Terms to Qualifying Companys
30 I)‘n Money Back Total Satisfaction Guarantee - One Year Parts and Labor Warranty

ToII Free U.S. and Canada 'Web Site www.heinc.com

ONIC E-Mail sales@heinc.com
International(316) 744-1993
,,,...M...ﬂ.zkw;f.mcl -800-394-1984  wormtmaizrg) res1e:
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OSCILLOSCOPES

WITH PORTABLE
SPECTRUM MODULES

from CONVERT PC'S
ANALYZER, Mt

DVM, FREQ. MULTIPURPOSE
COUNTER, 8 TEST AND

AND DATA MEASURING
LOGGER. INSTRUMENTS.

WE SELL RED, BLUE GREEN & IR

HUNDREDS OF UNITS TO CHOOSE FROM!
PRICES AS LOW AS $40.00!

* Experiments We also carry

#* Laser Light Shows
* Cutting & Bumning books and plans

% Communications about LASERS.

CALL FOR FREE CATALOG!
TEL (909) 278-0563
FAX (909) 278-4887

Why lug a scope around? Toss one of our modules into
your laptop case or tool kit. For a multi-purpose test
device, plug to a PC parallel port and use the PC

screen. Continuous, delayed, or triggered sweeps can
be frozen on the screen, printed out, or saved to disk.
Frequency Spectrums DC to 25 MHz.

Allison now provides PICO TECHNOLOGY Ltd.
portable test equipment, including high-speed scopes,
and multi channel data loggers. Pico and O-Scope
modules accept standard probes and work with 286 or
faster PC's.

FEATURES: OPTIONS:
+ PORTABLE UNITS TO25 + PROBE SETS
MHz + AUTOMOTIVE PROBES
+ USES PRINTER PORT + BATTERY PACKS
+ USES STD. PROBES * SOFT & HARD CASES

O-Scopes Made in U.S.A. Picos Made in U.K.
Same Day Shipping
Includes Cable, Software & Manuals

O-Scope lp (DC-50KHz, single trace)
O-Scope Il (DC-500KHz, dual trace)

PICO (ADC 200/20) (DC-10MHz, dual trace)
PICO (ADC 200/50) (DC- 25MHz dual trace)

PICO pcbased data loggers from $99.
Shipping within U.S. UPS Ground $7.50(Second day $11.50)

SEND CREDIT CARD INFO., M.O., or CHECK,OR CALL
1-800-980-9806

Allison Technology Corporation

8343 CARVEL, HOUSTON, TX. 77036 U.S.A.
PHONE: 713-777-0401 FAX:713-777-4746 BBS: 713-777-4753

http://www.atcweb.com

e INDUSTRIES

1269 W. Pomona, Corona, California 91720

See our catalog on the internet.

HTTP://WWW.MWKINDUSTRIES.COM
EMAIL: MKENNY1 989@AOL.COIVI

I Semzayron CP-R
est using the internet in ways you never
o? Want a war-dlaler program or something to

Do you,want to learn how the phone
ff, or lgarn how to build a red box, or

W to use the system in ways you never
igsCD is the place to look! It contains all
pphone and general hacking information.

Cryptographic software will soon be outlawe
government. Get this important bundie of ovel

of cryptographic software while you still can! Ayt
will even dare to publish a CD like this-an
import it from Africa! inciudes filgs enc
PGP, steganography, code crack: 0

| more! e CD-RON
Call

| to order (Visa/MC/C
hard- to -get mformats -
hacking, e

American
P. O
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Sgc Sun gguipmenl Corporation LODESITAR Lodestar Eloctronics Corp.  Since 1979

One Year Warranty. 15 Day Money Back Guarantee. OEM welcome.
P. O. Box 97903, Raleigh, NC 276 24-7903 School purchase order accepted. Bids accepted. VISA, DISCOVER
Test Equipment for Cost-l\linde(l People

/ALES REP/DISTRIBUTORS/OEM WANTED. MASTER, & AMER.
DC POWER SUPPLY

1-800-870-1955/(919)870-1955 24-hr Fax:(919)870-5720
GRID DIP METER

SIGNAL GENERATOR

PS-303 $159.00 SC-4160B $124.95 DM-4061 $89.95 1.5-250MHz, o -
0-30VDC, 0-3A; 0.02%+2mV line 100K Hz-150MHz up to 450MHz on 6 bands; 6 plug-in coils, e N

regulation; 0.02%+3mV load L 3rd harmonics; 6 ranges; AM modu- 2 transistor, and | diode. | [ N )
gul ImVrms noise & rippie, lation. RF Output. 100mVrms to 35 Modulation: = 2KHz Simewave. § 4 oo

3 -

Short circuit/overload protection; MHz Modulatian: int. IKHz AM,  Crystal Oscillator: 1-15Hz. -

current/voltage(CC/C V) W 2 Ext. SOHZ»ZOKHZ AM. Wave absaaiion meter 3VDC battery
e e amorply=
PS-305 $219.98, 0-30VDC, 0-54 SG—4162AD 5229 95, wuh Freq Coumer le 150MHz, 6 dxgns AUTO DISTORTION METER

DM-3104A §799.95 . o

CUC TR N

PS-305D $399.95, dual, tracking. SRR

8110 $289.95 0-60VDC, 0-3A. - gmstéﬁtfgg

8112 $399.95 0-60VDC, 0-5A, W& = wm = ange: 0.01%-30%,

B108(8109) S549.95(5699.95) - Th 0t - o, an 'AG-2601A $124.95 0.1/0.3/1/3/10/30% full ssale.

0-60VDC, 0-3A(5A), dual, PR B d 10Hz-IMHz, S ranges; Freq.: 400Hz£10%, . ’

independent tracking. Low ripple. P R Output Level: sinewave 0-8Vrms,  1000Hz10%(HPF).

8102(3103) $399.95(5489.95) triple outputs, 0-30V/0-3A(SA) x 2, glufﬂr'lovl*: 8. :::::n ;rr;mﬂz\:)m w | T

fixed SVDC/3A, independent & trac] 6 tant put Impedance: ;

voltage and cmA‘r'enmt ;Ta?e/;-l‘astcr Sﬁ;ﬁeliﬁ:&?ﬂon Distortion: <0.05% S00Hz-SOKHz,  Auto. Switching Ranges. Fundamental Freq. = (fo)x10%;
y X ; <0.5% SOKHz-S00KHz. Fund. Rejection: >-80dB.at (fo)t 5%; >-70dB at (fo}£10%.

PS-16108(8107) $289.00($399.95) 0-16VDC(0-30VDC), 0-10A.
PS-2243(2245) $139.00($159.00) 0-12/0-24VDC,3A(5A).
$200(8201) $179.95($239.95) 0-30VDC(digital meter), 0-3A(5A).
8210(8211) $199.95(8259.95) two digital meters

AC—ZGOJAD 5229 95 with Freq. Counter 1Hz- lSOMHz.é d@ts‘ Harmomc Acmracy 0. SdB 1 B(fo)-ZOKHL
a 0

8202(3203) $499.95(8549.95) 3 outputs, digital display, FG-2100A sm 95 FC-5250C $119.95
dual o -30VDC/0- 3A(5A) a fixed SVDC/3A, independent tracking 0.2Hz-2MHz in 7 ranges, Sine, Pravhoti S T Freq. Range: |0H2-220MHz:
g ! Square, Triangle, Pulse & Ramp L (HF)10Hz-20MHz, (VHF)10MHz-
Output: SmVp-p-20Vp-p, 1% ~.- oe 200MHz
distortion. o il e[ Gate Time: 0.1 & 1sec.
- 2'“ G;zsa(cmz;gzﬂL ) VCF: 0-10V control freq. to 1000:1. - - Max. Ingut: 10Vp-p.
oy lg_’fl ;&f;-( X czm ey g:‘ FG-2102AD $229.95 gcncratcs signals same as FG-2100; 4-digit  Input Sensistvity. 35mV 10Hz-200MHz. Display: 7-digit LEDs.
@B i ) AToier: (AM)dSSKH:.xSI{Hz. counter display, TTL & CMOS outputs, 30ppm #1 count accuracy Input Impedance: (HF) 1MQ, (VHF) 500
PN £10KHz, (FM)10,7MHz, +7.5<Hz, 20208 $155.00 0.5Hz-500KHz, Sine, Square, Triangle. FC-5260A 3196:00 §129.95 WP‘W?
g S R +150KHE ° (FG)2103 $329.98, Digital sweep generator, 0.5Hz-SMHzin 7 10H2-600MHz. 7-digit LEDs. . .
ranges. Operating Mode: sweep, AM, gated burst, VCG. FC-5270 $149.95 AR i
w 08-7505B $369.00 tngger, 0-10MHz. 7, Counser: Int. 0.5Hz-SMHz, Ext. SHZ-10MHz. 10Hz-1.2GHz. 8-digit LEDs. e 5
N\ M FG-513 $719.95, Digital sweep generator, Sine, Square, Triangle, FC-5600B 3321:66 $299.95 . iy T i

Pulse, Ramp, TTL & DC; 2Hz-13MHz in 7 ranges; £(.01%+1dgt)
Frea Counter & TCXO. SHz-100MHz 6.5 digits x| & x20 attnin.

10H2z-600MHz. 10-digit LEDs.

Freq: 100KHz-110MHz FM STEREO MODULATOR

Display. 6-digit LED oo W T, AG-2011A 5549. o S1I000
Accuracy. ‘;‘ e B R RF SECTION: N TRACER: Gain Max. 60dB
<+(5x10-ES £1 count) - Carrier: 98MHz +2MHz, Attenuation: 0/20/40/60dB

Output: 10mV, ImV & 0.tmV 8 . Input Impedance: 100KQ,

; 00Hz(100 34.99MHz); |KHz (35MHz-110MHz).
ped

S0Q VSWR COMPOSITE SIGNALS: = Output Imped.: 600Q;
Pilot: 19KHz 2Hz 08Vims 1@ = o & ° Speaker: 8 0
INT. MODULATION: 400KHz, mJECTOR Freq 1KHz
\Clr{g_t?rss‘CA $159.95 1KHz £1%, 1 Vrms, distortion < .5%;L-R Separation: >50dB. 3 ]
T N eas 11525, 18125 Mitzy, e — EXT. MODULATION: Freq. _50Hz-|5KHz
RF Output: 10mV. P T CM3300A $139.00 10 ranges, 99.9pF ~ oy 9mE, fully automatic.
Impedance: 75 Ohm i ,‘.‘.m Resolution: 0.1pF lowest,
Video Ouipt -p MV-3100A $159.95 wide band 0.1% full scale. - neny |
1) SHz~1MHz, 3 scales, mV, dB &dBm; Accuracy:
SW R/RF/mW POWER METE R " = 300uV~100V in 12 ranges, 10V 0.5% of full scalet] digit o 99.94F,
310 $89.95 . resolution; -70~40dB in 12 ranges, 1% of full scalet | digit to 39.9,.F - @-@ -
Freq. Range: 1 8-150MHz. . ;&; 0dB=1Vrms,0dBm=0.755V); 3% Display: 3 digit LED.
?f‘"f‘;;": 0'4“;/30\”/13;’/\” SRR accuracy;, Input impedance 10MQ it indicator pF. nF_uF mF. Ov
easure.:1.0 - «, mn - D)
e e s Se e A Sl Noise <2%. NNcasn 8 S10m R d)
Insertion Loss: O.3dB. WF-3103A $699.95

Input/Output Imp.: 50Q.

#=—=% =+ s Freq Range 3KH2:10%
320 $89.95, 130-520MHz. Os- $249.00 DC~7 2 "m‘———L__i JIS/CCIR; 3.15KHz+10% DIN.
330$119.95, 1.8-520MHz. ! . «  Vertical: 10mV/Div, Horizontal: D I— Range: 0:03.1/.3/3% full scale.
SWR-IP $26.95 1.7-150MHz, % 250mY/Div, 10H2~100KHz in 4 . ! Accuracy. x5%.
RF Powsr: 0.5-10W, 0.5W-100W. e S ranges; 3" CRT, Internal and . : — WF-3105A $799.95, digital;
SWR-2P $22.95, 1.7-30MHz, RF Power: 0.5-10W. % % Extemnal Sync., Input: IMQ/35pF. o _-:.-. aoe o Function: LIN'WOW/Fluttet/WTD.
.

Freq Counter: IOHZ 9.99MHz.

¥ 0S-7010A $369-0 $299.95 |0MHz.
# 5" CRT, 10mV/em~10V/em, IMQ.

= R TVl [\ £ CTRONIC/PC TOOL KITS

0S-683 8699.95 SOMiz dual, dclay swecp, ALT UG8er, TV ™. 5745529.99 U'S. Patented, 45-pos. Contents: IC Inserter, IC
i Extractor with securers & Bows, 3-prong part Retriever, #0
RT-8815 $199.00, VHF, Phillps Screwdriver, 1/8" Flat Screwdriver, Self-hold Tweezers,
500MHz, 81dB, 50Q, 0.5W. ™ Py 2 : DMM-120 $24.95, 34 dng 600VDCY Metal Tweezers, Extra Paris Tube, Soldering lron, Solder,
RT-8815U $359.00, UHF, R e ” 2ADC. 2MQ, hFE/diode test Crimping Tool, Long-nose Plier, Cutting Plier, Zipper vinyl Case.
950MHz, 81dB, 500, 0.5W j DMM-123+Capacitance $44.95, 3%4 digit, Bits include: Phillips: %0, #1, #2, & #3; Flar: 1/8%, 3/16", 1/4",
RT-8817 $199.00, VHF, 500MHz, 81dB, 75Q, 0.5W. 600VDC/AC. 10ADC/AC, 2G Q. 20uF, 9/32", PZ1, PZ2; T8, T9, T}, T15, T20, T25, T27, T30, T40, T45;
RT-8817U $359.00, UHF, 950MHz, 81dB. 75Q, 0.5W. hFE/diode test, continuity beeper. Hex: 5/64°, /32", 1/8", 5/32", 316", Sockets: 316" (Smm), 7/32"
085E-2 $499.00, UHF, 950MHz, 61dB, 50Q, 0.5W. DMM-125 $54.95, Autorange/Bar Graph, (5.5mm), 1/4” (6mm), 9/37" (Tmm), 5/16" (8mm).
087E-2 $499.00. UHF. 950MHz. 61dB. 75Q, 0.5W 600VDC/AC, 2ADC/AC, 32MQ, beeper. 8G23 $34.99 U.S. Patented, 23-pcs. Contents: IC Inserter, IC
1 o ~ MIC-35 $59.95_ Autorange, 3% digit, LCD, Tweezers, IC Extractor with securers & Bows, 3-prong part

ON SALE - DC PU“CI‘ Sup l‘ lOOOVDC/750V‘A/g zo:?% zOADdlg/':\c‘ Retriever. /16" Nutdniver, 1/4" Nutdriver, 3/16" Slotted
8102 9999:95 $359.95 triple outputs, 0-30V/0-3A x 2, diode/continuity check, dats hol! Screwdriver, 1/8" Slotted Screwdriver, #0 & #1 Phillips,
fixed SVDC/3A, independent & tracking operation, MIC-39 $149.95, Autorange/Bar Graph, Reversible T10/T15 Bits, Reversible #2 Philips/#” Slotted Bits,
constant voltage (CV) & constant current (CC), True RMS, 3% dléiL 1.CD, 40MQ, 40uF, Tweezers, Long-nose Plier. Cutting Plier. 6 adj. Wrench,
Slave/Master, Serial/Parallei connection. lOOOVDC;750VAC 20ADC/AC, ’600'('}:12 Soldering lron, Solder, Crimping Tool, Zipper vinyl Case, Manual.
PS-303D $31¢:95 $282.95 dual outputs/tracking, CC&CV ’ "’

L A Freq. Counter, Data Hold, Drop-prove, 8088 Microprocessor Trainer $699.00 BGC- 8088, teach
L INSNED F il oneyedy warzant); Sleeping Mode. Memory, Read Functions.  yourself 8088 based hardware design and software programming.

mW_RF Power Meter 340 s219.00
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Electronics Now, December 1997

P----

EARN

MORE
MONEY'!

BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

VZAY 4
?,

Earn up to
514 $60 an hour
and more!

_—

s u 0
1 f | No previous experience needed!

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!

Or, Call 1-800-932-4268 Ext. 210
1 COMMAND PRODUCTIONS
FCC LICENSE TRAINING, Dept. 210
P.O. Box 2824, San Francisco, CA 94126
Please rush FREE details immediately!

NAME
ADDRESS - _
CiTY _ STATE ZIP _

----J

PlC,n Booksg

LEARN ABOUT PIC16/17 MICROCONTROLLERS

easy PIC'n

Beginner

PIC’n Up The Pace

Intermediate

¢ Programming techniques ¢ Serial communication

Instruction set PIC16 to peripheral chips
Addressing modes PIC16 to PIC16
Bit manipulation ¢ Serial EEPROMS
Subroutines ¢ LCD interface
Sequencing ¢ Scanning keypads
Lookup tables ¢ D/A conversion
nterrupts ¢ Sensors - analog voltage
¢ Using a text editor - output
source code ¢ A/D conversion

¢ Math routines
* Decimal interface
¢ PIC16C84 EEPROM data

¢ Using an assembler

¢ Timing and counting

* Interfacing - I/O conversion
* Lots of examples memory
$29.95 * Lots of circuits and code

$34.95

+ $4 s/hin US for one book, $6 both books
VISA, MC, AMEX, MO, Check
CA residents piease add 7.25% CA sales tax
PIC is a trademark of Microchip Technology Inc.

ELECTRONICS

sQuars (1

P.O. Box 501, Keiseyville, CA 95451
Voice (707) 279-8881 FAX (707) 279-8883
http//www.sg-1.com

" Move it With!

CYBERMATION MOTION CONTROL

Robotics ¢ Data Acquisition ¢ Industrial Control * Manufacturing

Complete Motion Control System
Includes: Master Control Card, Cyberbus Motherboard, 12vac.
Trans, 2ea. 8az.100 Step Multi-axis Motors also Documentation
1BM compatible Software with FREE Source Code
Feature: Bi-Directional 8 bit Read And Write Port,Card Adressable
Variable Speed, Step, Range, Direction and On/Off Control

¢ SYSTEM ONLY $299.95 «

Send Check or M.O. to New Web Site!

CYBERMATION WWww.cybermationsys.com
1943 Sunny Crest Drive, Visa, Mastercard and AMEX
Suite 288

Fullerton, Ca. 92835 Call Us Today!

Phone: (714) 879-2000
Fax: (714) 992-2082

Add $12.00 S&H
Ca residents add sales tax

wwWwW americanradiohistorv com
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ELECTRONICS & MORE

4 Way Speaker Switch

Control up to 4 pairs of speakers with this
compact speaker selector switch. Features
circuit protector, heavy duty rocker switches,
spring loaded terminals, and silver plated
switch connectors. Includes one pair of
amplitier inputs. Load to amplifier is
minimum 4 ohms {with 8 ohm speakers) or
220 ohms with all speakers switched off.
Net weight: 1 Ib

o
o

NOwW

#EN-309-030 s22%, ., $15%,,

“The Sound Bridge” FM Stereo
Wireless Transmitter s

The Sound Bridge Is a
mint FM wireless transmit-
ter that can be used to
broadcast stereo Sound
from any audio source_like
portable CD players, TVs,
electronic games, CD-
ROM, even computer
soundcards, to your home
stereo recelverl Adjustable from
89 to 95.5 MHz.

BEN-249-220 .ovvoomeerrereaassnsenssssssansssroseseemsesssesesecse $14°°

Weller Professional lrons

| _Wellef ‘

Perfect for a varlety of electronic solderlng work, this top quality iron features a
long life, double coated tip and a quick change, plug-in heater element.
Lightweight handle includes a comfortable cushioned grip. Net weight: 1/2 Ib.

#EN-372-110 (25 watt) ...

50
53090(1-3) $2 8 (4-UP}

L _

-

— UNBELIEVABLE —

-
-

1-20G-2%N-OF

“The Woofer Tester”

Peak Instrument Co. proudly
introduces “The Woofer Tester". Just |
ask any loudspeaker engineer, and
they wiil tell that the only way to
design enclosures of the correct size
and tuning is to measure the Thiele-
Small parameters for the actual
drivers 10 be used. The reason?
Manufacturers published specs can
be off by as much as 50%! But until
now, measuring the parameters
yourself required expensive test
equipment and tedlous calculations,
or super expenslve measurement
systems ($1,200 to $20,0002|. The
Woofer Tester changes all that. .
Finally, a cost effectlve, yet extremely accurate way to derive Thiele-Small
parameters, in only minutes! The Woofer Tester is a combination hardware and
software system that will run on any 1BM compatible computer that has EGA or better
raphics capability and an RS232 serial port. The Woofer Tester will generate the
ollowing parameters. Raw driver data: Fs, Qus, Qes, Q1s, Vas, BL, Re, Le, SPL @
1W/1m, Mmd, Cm, and Rm. Sealed box data: Fsb and system Q. Vented box data:
Fsb, ha, alpha, and Q loss. The Woofer Tester system includes hardware, test leads,
serial cable, AC wail adaptog, detailed Instructions, and software.

$249%

#EN-390-800 ..

900 MHz Wireless Speaker System

& 900 MHz technology sends signal
up to 180 ft., through walls, floors
and ceilings.

& ldeal tor use as rear surround speak-
ers or for adding wireless sound to
every room in the house!

@ Full range, bass reflex design with
buflt-in high power, low distortion
amplifier.

& Weather resistant cabinet for
outdoor use.

& Selectable battery (six C size for
each speaker) of AC operation,
adaptor included. Built-In recharging circuitry fos ni-cad batteries.

& System inciudes: 900 MHz transmitter, w teless speaker palr, AC adap-
tors, and all cables necessary to hook up system

@ Limited availabltity. € Net weight 9 Ibs.

& Frequency response: 20-18KHz.

subwoofer is a must! Many film special effects are extremely demanding in the
low frequency range and require a subwooter

that can duplicate explosions, earth-

$uakes. even the footsteps of

yrannosaurus Rex! This
subwoofer fits the bl by featur-
ing a 10" dual voice coil woofer
tor true stereo operation and
high pass filters for your maln
speakers. The most unique fea-
ture of this subwoofer s the fact
that it is designed to be mounted
in between the tloor joists in new
and existing home coastructions.
Simply mount the in-floor sub to the
joists and mount a heat register gritl
above opening in su