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Virtual Lab - 
Real Results 
Intuitive schematic capture 

Fast, accurate analog/ 
digital simulation 

Full -featured pcb layout 

Built -in autorouting 

CircuitMaker2000 
the virtual electror ics ab' 

CircuitMaker 2000 provides all th3 tools 

necessary to quickly and easily design 

circuits, test them in the real world and generate 

prototype boards - the complete virtual 

electronics lab solution. 

With all the features you'd expect from a 

professional design system - plus exceptional 

ease -of -use, you'll spend less time learning and 

more time designing. 

Available in both standard and professional editions, 

CircuitMaker 2000 gives you full design capability at 

a price that is simply unmatched 

by the competition. 

Contact us for your Free 

CircuitMaker 2000 brochure 

Upgrade from $95 

Comprehensive educational and computer- 
training packages also available 

Maker 
the virtual electronics lab 

Call your local CircuitMaker sales & support 
center on 800 419 -4242 

or visit www.circuitinaker.com 

CircuitMaker and CircuitMaker 2000 are registered trademarks of Protel International limited. 

CircuitMaker. M 

the virtual electronics lab'" 
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FEATURES 
25 A TALKING TOY - 

TRAIN STATION 
Sound and animation have been a part 
of toy trains since the technology 
advanced far enough to make such 
enhancements possible. Unfortunately, 
the early attempts, while very effective, 
were not always practical. Here's a way 
to update an American Flyer concept 
from its pre -WWII record format 
( "Daddy, what's a `record' ?') to modern 
solid -state voice -recording- and -playback chips. 
-Dennis Eichenberg 

27 INSIDE A FURBY 
Who would have thought that a simple electronic toy that does lit- 
tle more than act "cute" (or annoy as the case may be) would take 
the world by storm? That's just what the Furbys have done. You 

can get them in a range of colors and special editions. Come with 
us as we peel back the fur and expose their secret inner work- 
ings.- Julian Edgar 

32 THE GAMEENHANCER 
Don't you hate finding out that board games are frequently dull 
and boring compared to the television game shows that spawned 
them? If you're the "MC" in a game, how can you make a fair 
judgement call as to who raised their hand /shouted out/squeezed 
their "clicker" first? The GameEnhancer takes the guesswork out 
when determining who goes first -and includes programmable 
background songs you can code yourself. What's more, it makes 
a great PIC programmer as well! -Steve Henry 

PRODUCT REVIEWS 
7 GIZMO® 
PlayStation 2, MP3 player, MP3 carrying case, underwater cam- 
era system, flat -panel monitor/TV,, handheld personal two -way 
communicator, Microsoft games, satellite dish for RVs, and a color 
eBook. 

AND MORE 

DEPARTMENTS 

5 PEAK COMPUTING 
Ted Needleman sheds some light on optical -drive upgrades. 

10 NET WATCH 
Chris Lamorte gets root privileges as he shows you how to get a 

top -level domain of your own. 

13 SURVEYING THE DIGITAL DOMAIN 
Scrap your PC for a Net Appliance or replace it with the "latest 
and greatest ?" Reid Goldsborough gazes into the next millenium 
of computing and reports his opinions on the matter. 

21 PROTOTYPE 
Off- the -shelf supercomputer clusters, next -generation planetary 
rovers, back -up warning devices, self- synchronizing pendulums, 
and piracy- resistant digital -video systems. 

46 Q &A 
Michael Covington serves up a cornucopia of solutions to some of 
our readers' "real stumpers." 

49 AMAZING SCIENCE 
John lovine plays with "the world's smartest metal." 

53 ROBOTICS WORKSHOP 
Instead of stumbling around in the dark, let Gordon McComb show 
you how to add collision- avoidance and detection circuits to your 
robot. 

57 BASIC CIRCUITRY 
Charles Rakes combines last month's alarm circuits into a full - 

fledged security system. Download the circuits from www.electron 
icsworkbench.com /poptronics and test them on a "virtual work- 
bench." 
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TEOTMAWKI 
Well, we made it to the end of another millennium. No second Ice Age, no natu- 
ral disaster, no cataclysm, no apocalyptic war. The planets still follow their orbits, 
and the Earth's tilt is still about 231 °. All in all, it hasn't been the best of years for 
the doom -sayers. 

Personally, I'll take "dull and boring" any day! 

Isn't it amazing how time flies? Why, it just seems like it was only 12 months ago 
we were celebrating the end of a millennium, and here we are doing it again. 
Were we in a rush to get the hoopla over with, or was it just a "dress rehearsal" 
for the real thing? 

Oddly enough, we -as a society- seemed to get the century- change date right 
in the past. What's so different about today? What makes the 20th Century so 
special that we're so desperate to condemn it to the dustbin of the past, we want- 
ed to shorten it to 99 years? 

Odder still is that most people seem afraid of the future; they desperately cling to 
the past. This is like a strange variation of the "Jekyll- and -Hyde" syndrome: we 
can't get ahead fast enough, yet we have an overwhelming need to stay in one 
place. No matter how we try to meet the demands of both goals, we end up with 
a "les- stalt:" the result is less than the sum of the parts, and very unsatisfying. 

There's nothing wrong with the past. The past is the foundation upon which we 
build our future -for ourselves, our children, and our children's children. Many 
important lessons are available from our mistakes -and our successes as well. 
While we may enjoy reminiscing over what has gone before, we shouldn't dwell 
on it. Think of the past as taking a dip in a swimming pool. It's refreshing, relax- 
ing, and a joy to savor...but I wouldn't want to live in a swimming pool. Would 
you? 

Of course, there's also the "Good 01' Days" mentality. Were they really that 
good? Think long and hard on that one: serial killers, gas shortages, recessions, 
depressions, assassinations, living with the threat of annihilation -real or imag- 
ined. Those are just a few highlights of the 20th Century's worst offerings. Of 
course, every downside can be counterbalanced with a positive accomplishment. 
Memory can be very selective. Don't just pick the good memories and gloss over 
the bad ones. Make sure that the past is a package deal. 

It's "The End Of The Millenium As We Know It." The best is yet to come. We don't 
have much choice in the matter: God's Universe keeps carrying us into the future 
every minute of the day. 

e2 
Joseph Suda 
Managing Editor 
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"Unreal" Real Networks Dialogue 
I greatly enjoy your magazine, and I 

think that home networking is a worth- 
while topic. However, the subject of net- 
working is sufficiently complicated that 
it can not easily be covered in a couple of 
pages. As a result, there were a few 
important errors and omissions in the 
"Computer Bits" column, entitled "Real 
Networks, Real Quick" by Ted Needleman 
(Poptronics, October 2000): 

1. The article says that the network- 
ing kits include 25 cables. That should 
say "25- foot -long cables." 

2. The most glaring technical mis- 
take was the discussion about the differ- 
ence between hubs and switches, which 
basically got the technology backwards. 

Switches are the technically superior 
solution. Much like a telephone central 
office (CO) allows multiple phone calls 
to occur simultaneously (conceptually a 

big matrix switch), a network switch 
does the same thing. As such, switches 
increase network bandwidth by allowing 
multiple communications to occur at the 
same time. I recommend the nearly 500 - 
page book Switching Technology in the 

Local Area Network by Mathias Hein and 
David Griffiths, which goes into enor- 
mous details about this technology. 

3. The article suggests that program 
(file) sharing is a great use of a home 
LAN. It is, but once you hook the LAN 
up to the Internet, you have a huge new 
set of security issues. This problem 
should have been greatly stressed. In 
addition, the local cable company rec- 
ommends the software firewall Black 

ICE as a way to protect computers from 
the threats of the Internet. 

Of course, I also recommend cryp- 
tography to protect any sensitive files. 
TONY PATTI 
Editor & Publisher 
Cryptosystems Journal 
Holland, PA 

Tony Patti is correct; I did have hubs 
and switches backwards. Nice catch. He 
is also correct about the security issues 
in attaching a network to a high -band- 
width connection without a firewall. 

Unfortunately, I'm one of those poor 
souls who can't get a connection to the 
Net that runs faster than 28K at best, 
so I don't always think in Broadband 
terms. Also, because of the length con- 
straints in these columns, I just can't 
cover all of the relevant bases. 

Black ICE is a neat product, and there 
are other such products available from 
Norton and McAfee. Anybody who is 

considering Black ICE and is also think- 
ing of upgrading to Windows ME will 
need a new version of the firewall. 

Thanks, Tony, for catching the errors 
and for bringing up the very relevant 
firewall issue. 
TED NEEDLEMAN 

Klondike Cell Always Gets His Call 
In reference to the "Buying Cell -Phone 

Services" ( "Net Watch," August, 2000), your 
Canadian readers might be interested to 
know there's a sum - 
lar consumer Web 
site service in Canada 
allowing you to 
compare cell -phone 
plans and ensure 
you're on the best 
plan for your money 
and needs. The Web 
site is www.compare 
cellularcom. 
AL KILBURN 
via e -mail 

[Note: Mr. Kilburn 
is president of corn 

parecellularcor] 

Buying Cell 

Phone Services 
I just tried to 

locate cell phone 
plans using pointcom 
and decide.com, as 
discussed in your 
August 2000 "Net 
Watch" column. 
There seems to be 
a slight problem. 

Neither site rec- 
ognizes an area 

nearer to me than Dallas (70 miles) or 
OK City (150 miles). Cellular is available 

here; contractors use it in my driveway 
every day. 

I can go ten miles east to Bonham, 
TX and buy service at Wal -Mart or 
RadioShack; I can go 20 miles west to 
Sherman/Denison, TX and pick from 
six vendors without even opening the 
phone book. The above sites appear to 
be skimming the easy sales and ignoring 
those for whom shopping on the 
Internet can be a real help. 
GEORGE PHILLIPS 
via e-mail 

Sorry that the sites did not help you 
with your search. You may be correct 
about them skimming the best markets, 
but there was no way to check various 
individual locations at these sites. That's 
why we value input from our readers. 
JOE BLACK 

CMOS IC LAYOUT, CONCEPTS, 
METHODOLOGIES, AND TOOLS 

CMOS IC Layout, is designed to train technicians 
and circuit designers on the practical layout of 
CMOS ICs. This book includes basic 
methodologies, review of basic electrical rules 
and how they apply, design rules, IC planning, 
detailed checklists for design review, specific 
layout design flows, specialized block design, 
interconnect design, and also additional 
information on design limitations due to 
production requirements. 

The book also includes: 
A Practical, hands -on approach to CMOS layout theory and 

design 

Training materials engineers and technicians need to stay 

current in circuit design technology 

Coverage of manufacturing processes and their effect on layout 

and design decisions 

Sections on database management, project scheduling, 
layout audits, and chip finishing 

2000, Paperback w/ CD -Rom, 304 pgs., 0- 7506- 7194 -7, $49.95 

Five Ways to Order within North America: 
On -line: www.newnespress.com 

Call: 1- 800 -366 -2665 or 781 -904 -2500 
Fax: 1- 800 -446 -6520 or 781- 933 -6333 

E -Mail: orders @bhusa.com 
Mail: Newnes Press, 225 Wildwood Avenue, Wobum, MA 01801 

Newnes NA08 
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It's Not Just For Cats Anymore 
What a super article in the August issue 

on the ScatCat! This is exactly what I need 
for my two cats (Jockey and Straps) and my 
Jack Russell terrier (Pilca) to keep them 
away from those "forbidden zones" around 
the house. If it takes sounding an alarm to 
do so, then the ScatCat it is! 

This issue of Poptronics was full of 
great information, and I will be taking 
this issue and a few back issues with me 
to New Zealand. Who knows what else 
I might learn by reading your magazines 
on that long flight down under. 
PAUL DALE ROBERTS 
via e-mail 

Complete URIS 
In a recent "Letters" column 

(Poptronics, May 2000), you requested 
info about browsers that don't require a 

complete URL. Netscape, at least up to 
3.01, didn't require anything more than the 
middle part of a ".com" address (using 
CTRL+ 1). I think that Internet Explorer, up 
to version 4, worked the same way. 

Due to some unsuspecting "newbies" 
and some clever domain names, people 
typed in perfectly clean names and got a 

pornography site instead! I think that 
factor and others have convinced 
Netscape and Microsoft to require a 
complete URL name. 

Some compensation is attempted in, 
for instance, Netscape, who wants to 
become a "gateway" to the Internet. If 
the .com is registered in Netscape's 

database, then the complete URL isn't 
required. Netscape will take you there, 
with a generous helping of Netscape 
advertising. 

I wish some shareware guru would 
release a Java program to reconstitute 
the CTRL -1 functionality!! 
PHILLIP MILKS 
via e-mail 

We use Lynx on our Solaris machines 
at work, and FSU uses them on AIX. 
Neither of them require the protocol 
prefix for Web browsing. I also came 
across a version of Mosaic for the Amiga 
that does not require it. 
ALAN W. RATELIFF, H 
via e-mail 

In the "Letters" column (Poptronics, 
May 2000), the second letter contains an 
error in the reply. The reply states "... on 
a Unix-based mainframe that supplies 
the text -based Lynx browser for Web 
access; that software requires the http: // 
prefix." I would ask that you have that 
system's administrator get a more mod- 
ern version of Lynx. Ever since I can 
remember, Lynx does not (and never 
has) required the http: // prefix in its 
operation. 

Now, I will admit that I have been 
using Unix -type systems (with Lynx) for 
about 3 -4 years now so I can not answer 
for prior to that time. 

The most recent version of Lynx may 
be downloaded from the Internet at 
lynx.browserorg. 
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KEEP IN TOUCH 
We appreciate letters from our 

readers. Comments, suggestions, 
questions, bouquets, or brickbats ... 
we want to hear from you and find 
out what you like and what you dis- 
like. If there are projects you want to 
see or articles you want to submit - 
we want to know about them. And 
now there are more ways than ever 
to contact us at Poptronics. 

You can write via snail mail to: 

Letters 
Poptronics 
275 -G Marcus Blvd. 
Hauppauge, NY 11788 

Please note the above address is 
the snail -mail way to get the quickest 
response. Some readers send letters 
to our subscription address, and 
although the mail is forwarded to our 
editorial offices, it does increase the 
time it takes to answer or publish 
your letters. 

The e -mail address can be found 
at the top of the column. 

Of course, e -mail is fast. 
Check your favorite columns, too. 

All of our columnists can be reached 
through the e-mail addresses at the 
head of each column. 

And don't forget to visit our Web 
site: www.gernsback.com. 

RON GAGE 
Saginaw, MI 
[Be that as it may, the shell account that I 
used quite specifically said to insert the pre- 
fix. What's more, it complained if you didn't 
follow the instructions to the letter. Note the 
screen capture to the left. For those that don't 
understand, a shell account gives you the 
right to dial into a specific machine and use 
it as a proxy to access other networks -like 
the Internet. You don't have control over the 
proxy machine. In fact, a text -only shell 
account has all of the look, feel, and charm of 
a 1980s bulletin -board system (BBS). 

In terms of upgrading, my only recourse 
would be to plead with the system adminis- 
trator. This particular account is through 
my local public library, in cooperation with 
several other area libraries and school dis- 
tricts. I don't expect it to be maintained to 

state -of -the -art revisions of the software. 
Besides, I haven't used the shell feature of 
the account for a couple of years. It's free, you 
get what you pay for. - Editor. P 
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A Panoply of 
OpTiCAL-DRIVE U pqadEs 

I f it's been a while since you 
I investigated upgrades for that 
creaking old CD -ROM drive in 

either your desktop or your laptop, 
you're in for a pleasant surprise. In 

the past few months, a bevy of 
new optical drives were introduced 
that made it easier than ever to get 
more "oomph" for your optical -stor- 
age needs. 

One of the more frequent 
upgrades is to replace or supple- 
ment an existing IDE -based CD- 
ROM drive with a DVD drive. Either 
operation is a snap to do, but you 
need to set the Master /Slave jumpers 
at the back of both drives correct- 
ly. Generally, you want the faster 
drive to be the Master; the slower 
drive on the same data cable will 
be the slave. If you have a fairly 
new CD -ROM drive -capable of 
perhaps a 40X maximum read 
speed -you may want to keep it, 

and leave it as the Master drive. 

THE CHAIN'S WEAK LINK 
Most of the newest DVD drives 

offer a fast read speed on stan- 
dard CD -ROM discs. One example 
is Acer Peripherals' 1640A model. 
With a retail price of about $180, 
the 1640A offers a 16X DVD speed 
and a claimed 40X CD -ROM maxi- 
mum read speed. Actually, the 
way CD -ROM and DVD drives mea- 
sure their read speeds is somewhat 
misleading. A 1X DVD is twice the 
data -transfer rate of a 1X CD -ROM. 
Therefore, a 16X DVD drive should 

The Evergreen Technologies fireLINE IEEE -1394 CD -RW can interface via a PC Card or an add - 
in PCI card like this one from Betkin. 

really be equivalent to a 32X CD- 
ROM. For some reason, most of the 
new 16X DVD drives actually squeeze 
out a bit more read performance 
when they are reading CD-ROM discs 

and are therefore rated at 40X for 
this operation. 

DVD media is read at 1X speed 
regardless of the drive's rated speed. 
A moderately large buffer, such as 
the 1640A's 512K, is more important 
in determining whether the drive 
will be subject to skips, hesitations, 
artifacting, or aliasing; none of those 
drawbacks were observed in test- 
ing this drive. Also important is the 
system that is using the DVD drive. 
Unless you buy a fairly expensive 
upgrade kit that also includes a 

hardware decoder board, the actu- 
al decoding of the DVD's MPEG -2 

files is done by the DVD player utili- 
ty included with the drive or your 
video card. 

If your PC is an older one -say, 
less powerful than a 300 -MHz 
Pentium Il -there might be notice- 
able lags as the software decoding 
struggles to keep up with the 
drive's data stream. Our tests were 
conducted with a 600 -MHz Micron 
Pentium III desktop and a 500 -MHz 
Pentium Ill-equipped Compaq Presario 

1600XL laptop. 
The Acer Peripherals 1640 comes 

with the necessary mounting hard- 
ware, cables, and a CD -ROM with 
a CyberLink's PowerDVD player 5 



Can you tell the difference? The Acer drive on 
the left is strictly a DVD drive, while the Afreey 
drive on the right is both a DVD drive and CD- 
RW burner in a single package. 

and PowerPlayer utilities. Our review 
unit also included a diskette with 
DOS drivers, so the drive can be 
used as a CD-ROM reader under DOS, 

HIGHER -END UNITS 
The second internal IDE drive 

that we tested was Afreeÿ s RW9060A. 
At a $329 suggested retail, this drive 
was almost twice the price of the 
Acer Peripherals 1640A. Aside from 
the price differential, the Afreey 
RW9060A is the perfect choice for 
an optical -drive upgrade, because 
it provides both a DVD player and 
a CD -RW drive in a single package. 
As a DVD drive, the Afreey drive 
offers 4X DVD performance and 
includes PowerDVD to do the 
MPEG -2 decoding. 

DVD reading and CD -R /RW burn- 
ing require lasers with different 
wavelengths; the RW9060A covers 
that need with two read /write lasers. 
The second laser lets the Afreey 
drive burn CD -Rs at up to 6X 
speeds and rewrite CD -RWs at up 
to 4X. Afreey provides Adaptec's 
Easy CD Creator 3.5c for burning 
CD -Rs, and the DirectCD 2.5 pack- 
et-writing software for CD -RW rewrit- 
ing. As with the DVD -only Acer drive, 
we found the Afreey delivered 
excellent DVD playback perfor- 
mance. It also lived up to its speed 
claims on writing both CD -Rs and 
CD -RWs. 

ADD, DON'T REPLACE 
If you already have a DVD drive 

or are interested in just adding a 
CD -RW drive, here's a report on 

6 two easy -to -add external CD -RW 

drives. One of the newest and 
hottest external drives is the $299 
Evergreen Technologies' fireLlNE 
IEEE -1394 CD -RW. Unlike the two 
internal IDE drives discussed before, 
Evergreen Technologies' drive can 
be used with both PCs and Apple's 
Macintosh line. The drive uses the 
IEEE -1394 (or FireWire) interface 
that has been available on Apple's 
systems for some time, but is only 
starting to show up on PCs now. 

Obviously, to use the fireLlNE 
drive, your PC or laptop has to 
have an IEEE -1394 interface. An 
increasing number of laptops are 
adding this interface; all Sony VAIO 
desktops and some Compaq Presario 
desktops provide this interface as 
standard. 

If your PC doesn't have one, it's 
easy to add. Evergreen Techno- 
logies sent us its PC Card adapter, 
which simply plugs into a laptop's 
PCMCIA card slot. We also tested 
the drive with a PCI card adapter 
from Belkin Components that we 
installed in our Micron desktop. 
Both worked flawlessly. The fireLlNE 
drive is moderately fast: It can burn 
CD -Rs at 6X and rewrite at 4X. 
Standard CD -ROMs are read at a 
maximum speed of 32X, which is 

fast enough for most any multime- 
dia task. 

If you want drive portability, 

SOURCE INFORMATION 

Acer Peripherals America 
2641 Orchard Pkwy. 
Bldg. 3 

San Jose, CA 95134 
800 -379 -2237 
www.acerperipherals.com 

Afreey, Inc. 
48511 Warm Spring Blvd. 
Suite #201 
Fremont, CA 94539 
510 -979 -0453 
www.afreey.com 

Evergreen Technologies 
808 NW Buchanan Ave. 
Corvallis, OR 97330 
541 -757 -0934 
www.evergreennow.com 

Micro Solutions 
132 West Lincoln Hwy. 
DeKalb, IL 60115 
800 -890 -7227 
www. micro- solutions. com 

The Backpack CD- rewriter drive from Micro 
Solutions is an external drive that can connect 
to your PC or laptop using a parallel -port cable 
or through a USB interface. 

consider this external drive: the lat- 
est "Backpack CD- rewriter" from Micro 
Solutions. This $269 drive is not as 
fast as some of the other CD -RW 
drives on the market, writing both 
CD -Rs and CD -RWs at 4X and read- 
ing CD -ROM discs at 24X. It is, how- 
ever, affordable and easy to con- 
nect to most any PC. The drive comes 
with both a parallel -port cable to 
plug into a PC's or laptop's printer 
port and special USB cable that 
has a parallel -port connector on 
one end (connecting to the CD- 
rewriter) and a USB connector on 
the other end. 

In the interest of full disclosure, 
we have a smaller "Backpack 
Bantam" CD- rewriter that we move 
between the few systems that 
don't have a CD -R or CD -RW drive. 
It gets a tremendous amount of use 
(and abuse), and we'd kill before 
we'd lend it out. With its dual paral- 
lel- port/USB connectivity, however, 
the new Backpack CD- rewriter may 
just take its place. 

MAKE YOUR CHOICE 
We've just scratched the sur- 

face with the quartet of drives pre- 
sented here. If you're looking for an 
optical -drive upgrade, you will un- 
cover a dozen or more possibilities 
in a short trip to a local computer 
superstore. Moreover, with the 
great selection of full- featured dri- 
ves now available, it will be hard to 
make a bad choice. P 

FREE CONSUMER 
INFORMATION CATALOG. 

Call toll -free 1 -888 -8 PUEBLO. 



GIZMO® 
Happy Holidays - and some electronic gift- giving ideas - from Gizmo! 

PlayStation 2 
No question about it -if you've got kids, the one sure -fire hit gift this holiday season is 

Sony's PlayStation 2 ($299). PS2 made its North American debut in October, with 
than 50 new titles expected to be available in time for the holidays. 

Designed to bring together games, music, and movies in one device, PS2 is 

described as a computer entertainment system. The game console supports 
original PlayStation software, PlayStation 2 games, audio CDs, and DVDs. It 
has a bay for a 3.5 -inch hard disk drive and an expansion unit for network 
interfacing in the broadband era.The unit provides an optical digital output, 
two USB ports, and an IEEE 1394 (i.LINK) connector. 

But, let's face it -PS2 is, first and foremost, a gaming platform, with greater 
speed and higher resolution than its predecessor. Sony's I28- bit "Emotion Engine" sin- 

gle -chip CPU (which has an on -board MPEG -2 decoder) enables complicated phys- 

ical calculations, 3 -D geometric transformations, and curved -surface generation -all 
of which translates to more realistic, faster action. 

With the exception of the START and SELECT buttons, all functions of the DualShock 

2 controller -which comes with the PlayStation 2 -are analog. Additional controllers, 
memory cards, stands, and a multi -tap adapter are sold separately. 

Sony Computer Entertainment America, 919 East Hillsdale Blvd., Foster City, 

www.playstation.com. 
CIRCLE 50 ON FREE INFORMATION CARD 
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CA 94404-2175; 650-655-8000; 

MP3 and FM, Too 
Thomson's next -generation RCA RD221 I Lyra2 ($299) MP3 music player sports a 

pared -down profile and beefed -up versatility. The portable device now boasts a digi- 

tal FM tuner with remote control and the ability to play back Windows Media Audio 
(WMA) and G2 music files. It is also compatible with MusicMatch jukebox music -man- 

agement software for Mac users. MusicMatch and RealJukebox software packages are 

included, and the Lyra2 can be upgraded to handle future music formats. 
Downloading files from your PC to the Lyra2's CompactFlash card has been sim- 

plified with the addition of a USB -enabled card reader.The Lyra2 comes with a 64 -MB 

CompactFlash memory card. "Backphones" and a car kit with power and cassette 

adapters are also included. 
Thomson Consumer Electronics, 10330 North Meridian St., Indianapolis, IN 

46290 -1024; 317-587-3000; www.rca.com. 

CIRCLE 51 ON FREE INFORMATION CARD 

MP3 Carrying Case 
Here's a good stocking stuffier for anyone who owns (or is about to receive) a 

portable MP3 player: Case Logic's MP -3 Player Case ($ I I .99).The 4X- X 53% -inch case 

holds most portable downloadable music players. It also stores memory cards, head- 

phones, and a car -adapter kit in a zippered inside pocket. 
The weather -resistant, expandable neoprene case protects MP3 gear. Sure to be a hit 

with young people, the case makes a fashion statement with its choice of popular colors: 
red, bright blue, or olive green. The convenient carrying strap attaches easily to a belt or 
backpack. 

Case Logic, 6303 Dry Creek Parkway, Longmont, CO 80503; 310- 374 -6893; www.caselogic.com. 

CIRCLE 52 ON FREE INFORMATION CARD 
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Under - The -Deep Camera System 

Got a diver on your gift -giving list? How about a fisherman or boater? Then check 
out the Atlantis Underwater Camera System ($649.95) from JJCommunications. At the heart 
of the system is a 420 -line black- and -white waterproof camera with a 25 -foot field of 
view. Equipped with built -in NightVision infrared illumination, it can spot schools of fish 

even in total darkness. 
The camera comes with a 5i4 -inch monitor, a nine -hour rechargeable battery, and 
100 feet of steel -mesh cable.The self -contained video system -which also includes 

a monitor sunscreen, recharging cables, and a 12 -volt cigarette -lighter plug -is 
packaged in a rugged yellow waterproof case that floats when closed. 

Divers can bring the compact Atlantis camera just by itself down with them; 
it's only 5 inches long with a I -inch diameter. Fishermen can drop the camera 
over the side of the boat and comfortably observe the underwater action on 

the monitor -without getting wet.The camera includes two user -adjustable out- 
board metal ballast tanks that let it sink into the water on a level plane or at an upward or downward 

angle. A second video camera or a VCR can be used to record the real -time view captured by the Atlantis. 
The underwater camera offers a 92- degree viewing angle, giving an up -close panorama of undersea activity. Its mir- 

ror -image switch reverses the field of view. A ring of infrared LEDs surrounding the camera's lens provides light.The 32- 
volt rechargeable DC power supply permits up to nine hours of constant use. 

JJCommunications, 18 West Forest Ave., Englewood, NJ 0763 I ; 800 -226 -9671; www.atlantiscamera.com. 

CIRCLE 53 ON FREE INFORMATION CARD 

Flat Monitor Doubles as Stand -Alone TV 
SyncMaster flat -screen computer monitors from Samsung are complete audio/ 

video multimedia devices that come in two models -the 15 -inch screen (150MP 
priced at $111 9) and the I 7-inch screen (170MP priced at $1769). These monitors 
allow users to view two input sources at the same time -thanks to the built -in pic- 
ture-in- picture. For example, viewers can watch their favorite TV show while read- 
ing e-mail; or they can check stock prices while following the latest market news 
on TV 

The Digital zoom feature magnifies any part of the on- screen image up to 64 
times. The monitor comes complete with an infrared remote control and built -in 
stereo speakers. 

Samsung Electronics America, Inc., 105 Challenger Road, Ridgefield Park, NJ 07660-0511; 800 -SAMSUNG; www.sam 
sungmonitor.com. 

CIRCLE 54 ON FREE INFORMATION CARD 

Handheld Communicator 
Motorola's P935 Personal Interactive Communicator ($400) will help executives on the 

go stay in touch and stay on top of things.The two -way communicator, which is about the 
size of a deck of playing cards, provides wireless access to Internet e-mail, pagers, fax 

machines, and other two -way messaging devices. The P935 also allows users to down- 
load from the Web-to request and receive up -to- the -minute facts, figures, and infor- 

mation. (There's no need to create a special e-mail address -the current one will 
do.) Its infrared OrDA- compatible) port also makes it easy to transfer, receive, 

and exchange information from compatible PCs, and from other P935s and 
IrDA -capable devices. 

In addition, the P935 is a full- featured personal information manager (PIM). 
It includes an address book, scheduler, notepad, and to -do list, as well as cus- 

tomizable, audible alerts. 
Motorola Paging Products Group, 901 N. Congress Ave., Boynton Beach, FL 

33426; 561-739-3220; www.motorola.com. 
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New PC Games 
Every time we turn around, there are new computer games. Here are 

two from Microsoft. Just in time to get ready for the 2001 baseball season, 

we have Baseball 2001 ($34.95). It lets users play baseball and manage the 
team as well, as they not only trade and sign players but handle the finan- 

cial side. By coupling simulation with realistic baseball play, this program 
brings the excitement of an authentic Major League baseball game to play- 

ers of all skill levels. 
Crimson Skies ($49.95) combines Indiana Jones action with Errol Flynn 

adventure. Players enter an alternate 1937 world of warring nations, where 
they are confronted by a sky full of air pirates, double- crossing privateers, 
giant aircraft -carrier zeppelins, and evil pilots.There are more than 24 fast - 

paced missions and 12 exotic, specially fitted fighting planes. 

Microsoft Corp., One Microsoft Way, Redmond, WA 98502; 888-218 - 
56I 7; www.microsoft.com /games /baseba112001 and www.microsoftcom /games /crimsonskies. 
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Video to Go 
Know someone who has to be dragged kicking and screaming away from 

his favorite TV shows? Untether him from the couch with the SatCom 

PASSPort MDBS-AA2000 flat -panel satellite antenna ($1249.95), designed for use 

in RVs, SUVs, or minivans. Equipped with an intelligent automatic satellite- search 

mechanism, the antenna easily picks up satellite signals whenever the vehicle is 

stationary. Once powered up, it automatically searches for the best satellite sig- 

nal, bringing a picture in within minutes. 
The low -profile mobile DBS antenna rests on a multi -axis positioner platform and is 

connected to a separate satellite auto -acquiring controller housed inside the vehicle.The 

antenna features a one -piece, flat design with a dual- output LNB located on the back. Its weather- resistant coating lets 

it withstand harsh outdoor conditions.The PASSPort comes with all required attachment and interface cables. 

A portable model that requires manual aiming is also available -the PASSPort Mini Plus ($349.95). 

SatCom Electronics, Inc., 1 3400 -B Danielson St., Poway, CA 92064; 858 -486 -6600; www.satcomweb.com. 
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Color eBook 
Reads Like Paper 

Designed for readers who want to view color- intensive con- 
tent such as magazines, catalogs, and newspapers, the RCA 

REBI200 eBook features an 8.5 -inch (diagonal measurement) color 
LCD touch -screen. It offers nearly 12 times the screen resolution 
of a typical handheld personal digital assistant that includes addi- 

tional Compact Flash memory cards.Weighing just over two pounds, 

it comes with 8MB of memory -the equivalent of approximately 5000 

pages of color content and text. 
Memory capacity can be supplemented. In addition to a 56K modem, 

the unit also includes an Ethernet port for fast book downloads over a broadband network, cable modem, or DSL line. 

Suggested retail prices for the base unit and the eBooks that it displays were not available at press time but will be by 

the holiday season. 
Thomson Consumer Electronics, 10330 North Meridian St., Indianapolis, IN 46290 -1024; 317- 587 -3000; www.thom 

son- multimedia.com. 
CIRCLE 58 ON FREE INFORMATION CARD 
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REGISTER YOUR OWN 

DOMAIN NAME 

Nowadays people from all walks 
of life are building their own Web 

sites. One major concern of fledgling 
Web proprietors is domain-name regis- 
tration. The Internet Corporation for 
Assigned Names and Numbers 
(ICANN) is the governing body for 
Internet matters concerning domain 
names, IP addresses, and protocol. 
ICAAN has made it possible for the pub- 
lic to register their own .com, , net, or .org 
sites in an amazingly simple process. 

Recently I visited the ICANN home 
page at www.icann.org, where there 
is a complete list of accredited domain - 
name- registration sites. All the links 
you could possibly need are found 
at the ICANN site -whether you 
are starting a new business Web 
site, starting a page for your family, 
or are just curious as to what domain 
names are already taken. Here are 
three of the popular free domain - 
search /registration sites listed there. 

NETWORK SOLUTIONS 
Arguably one of the oldest and 

best -known registration sites, Network 
Solutions is located at www,net 
worksolutions. corn. You can check 
the name you desire from the 
opening page. If it is already in use, 
a selection of alternate names will 
be presented. If it is available, you 
will be sent directly to the registra- 
tion screens. There are five steps to 
the process: 

1. Name your Web site 
2. Choose your services 
3. Review your shopping cart 
4. Provide your information 
5. Payment and checkout 

Once you have named your 
Web site, you will be presented with 
four choices: the domain name 
only for $35 per year, a three -page 
Web site and matching e-mail for 
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If you want to register a domain name, the Internet Corporation for 
Assigned Names and Numbers (ICANN) is the last word as to what does 

10 or does not fly. 

CHRIS LAMORTE 

about $11 per month, a one -page 
Web site and matching e -mail for 
$68 per year, or a one -page Web 
site (no e-mail) for $48 per year. 

After that choice is made, you 
simply verify what items you are 
purchasing, provide all the needed 
information, and proceed to pay 
by credit card. It's quick and simple. 

REGISTER.COM 
The www.registercan site is simple 

yet informative. The home page is 

a straightforward layout consisting 
of a search engine and a few hyper - 
links for basic information. As you 
might expect, the search engine is 

the first step in registration, Their FAQ 
section impressed me. It provided an 
in -depth description of Top -Level 
Domain names (TLDs), rules govern- 
ing the creation of domain names, 
and a myriad of answers to ques- 
tions about the legalities, such as 

NETWORK SOLUTIONS' 
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Network Solutions -better known to the average computer user for own- 
ing the McAfee anti -virus software -is the oldest administrator for 
Internet domain names. 
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Register.com, another Internet domain -name registration site, sports 

an in -depth FAQ (frequently -asked questions) page that can teach you 

more than you want to know about domain names. 

ownership. I certainly recommend 
browsing this section before decid- 
ing that you are ready to purchase 
your first domain name. 

The registration process here 
consists of six steps. First is a search 
to see if someone else has beaten 
you to ownership of your prospec- 
tive name. Hopefully, the name 
you select is unique and available. 
If the name is available, the site will 
ask you to confirm your intent on 
registering. Then you will need to 
provide a password for an account 
and some contact information for 
billing and record -keeping purpos- 
es. After you review all the informa- 
tion you have provided, you enter 
your credit -card information. In a 
matter of minutes, you can be the 
owner of your very own domain 
(cyber speaking, of course). 

The one -year registration fee is 

$25, which seems to be the average 
rate offered by ICANN- accredited 
sites, The search engine is free of 
charge and can be used without 
even setting up an account. If you 
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If your goal for an Internet domain is business, catalog.com should be 

your first stop for one -stop shopping. Services from domain registration 

to Web hosting to e- commerce solutions are all conveniently located at 

one site. 

plan to obtain a domain name, stop 
by registercom, if only to read up on 
the free and extensive facts avail- 
able on the subject of domain names. 

CATALOG.COM 
If you are an aspiring Web entre- 

preneur, then perhaps you should 
visit www.catalog.com. It may well 
be the place for you to begin. This 

well- designed site is an all- inclusive 
Web page that offers not only 
domain -name registration, but also 
many business solutions including 
affordable Web hosting, dedicat- 
ed server packages, custom appli- 
cations, and credit -card clearing 
systems. Small- business owners inter- 
ested in branching out into cyber- 
space will want to visit this site and 
browse the available options. 

Catalog.com has been in the 
Web business for more than six 

years and is a leading provider of 
quality Internet -based services. 
Navigating the catalog.com site is 

a breeze. Within a few clicks, you 
can see the bargain packages offered, 
including a complete Web- hosting 
service for under $30 a month. They 
also offer a rate of $65 for a two - 
year domain -name registration. 
The process is straightforward and 
similar to that for registercom; a 
simple form that you fill out follows 
an availability search. 

WHAT ARE YOU 
WAITING FOR? 

Now that you know where to 
begin, what is stopping you from 
starting your very own Web page? 

Just check out www.icann.org for a 
list of domain -name registration sites 

and begin your reign of your very 
own cyber- domain. Whether you 
want to open a virtual store or just 
share a little bit of yourself with the 
world, domain registration is easy, 
affordable and readily available. Good 
luck and enjoy the endless opportu- 
nities offered by the Internet. P 

Introducing Robotics with 
Lego- MindstormsTM 

For Robot Lovers. Shows how to build a 

variety of increasingly sophisticated com- 

puter- controlled robots using the brilliant 
Lego mindstorms Robotic Invention System 
(RIS). Covers the fundamental building tech- 

niques needed to construct strong and effi- 

cient robots. Explains to the reader how robot 

control programs may be simply constructed 

on their PC screens. 
Detailed building in- 

structions are provided 
for all the robots fea- 
tured. 270 pages, 
71ì2 x 10 517 in. $19.99. 
Plus $2.45 shipping 
in U.S. Order from 
CLAGGK Inc., P.O. 

Box 12162, Hauppauge, 

NY 11788 CLX1 

lntroducìng 

Rohohcs ,vnh 

Lego Mtndstorms 

Get your copy of the 
CRYSTAL SET HANDBOOK 

Go back to antiquity and build the 
radios that 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- 
dling. Claggk Inc., PO Box 12162, 
Hauppauge, NY 11788. USA 
Funds ONLY! USA and Canada - 
no foreign orders. Allow 6-8 weeks 
for delivery. MA01 
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NEW LITERATURE 

2000 Buyer's Guide 
Specialized Systems Consultants, Inc. (SSC) 
P.O. Box 55549 
Seattle, WA 98155 
206 - 782 -7733 
www.linuajournal.com 
$9.95 
With Linux quickly gaining acceptance as a 

mainstream OS, people worldwide are 
searching for Linux hardware, software, 
and services. This guide fills that need. 
Beginning with a discussion of what Linux 
is and featuring over 15,000 listings, this is 
the most comprehensive source of Linux 
products and services to date. 

,,ompre ensive ten. or free or 

OUR 

2000 Buyer's Guide 

Headings include business software, 
system software, development tools, and 
hardware. In addition, there are sections 
on publications and services. 

Electronic Concepts: 

An Introduction 
by Jerrold H. Krenz 
Cambridge University Press 
40 W 20th St. 
New York, NY 10011 -4211 
800 -872 -7423 
www.cup.org 
$49.95 
Designed for use either as a textbook or 
for self -study, this book is a clear, self - 
contained introduction to modern 
microelectronics. Both analog and digi- 
tal circuits are stressed equally, and the 
applications are described within actual 
electronic systems. The text begins with 
an overview of important electronic sys- 
tems, with detailed discussions of the 

12 types of signals that circuits process. 

-electronic 
concepts 

(NTRODUCrrn\ 
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In the following chapters, each device is 
described briefly; and different models that 
illustrate particular applications are pre- 
sented. The author uses SPICE computer 
simulations extensively to supplement ana- 
lytic descriptions. The book contains over 
500 circuit diagrams and figures, over 400 
homework problems, and over 100 simula- 
tions and design exercises; and related lab- 
oratory experiments are on the Web. 

Service Robots 
by Rolf Dieter Schraft and 
Gernot Schmierer 
A K Peters Ltd. 
63 South Ave. 
Natick, MA 01760 -4626 
508 -655 -9933 
www.akpeters.com 
$47.50 
Service robot are robots that perform 
tasks -fully or partially autonomously, and 
they are mobile or manipulative or a com- 
bination. Among other things, they refuel 
vehicles, perform surgery, renovate nuclear 
power stations, keep watch over museums, 
explore space, and clean airplanes. 

This book surveys service robots in a 
multitude of fields, describing the cre- 
ation of such robots from the initial idea 
to the final product, as well as current 
research and future applications. First 
published in German, this edition is a 

revised and updated English translation. 
It is lavishly illustrated with over 250 
photos and drawings. 

Electronic Instrument Handbook, 

Third Edition 
edited by Clyde E. Coombs, Jr: 
McGraw -Hill 
2 Penn Plaza 
New York, NY 10121 
800- 2MCGRAW 
www.ee.mcgraw-hill.com 
$125 
This new edition examines electronic 
instruments in detail, providing an up- 
close view of both the latest generation 
of electronic measurement tools and 
conventional electronic instruments. 
Focusing on the essentials of electronic 
instruments, this update contains contri- 
butions from 37 experts. 

ELECTRONIC 

WASNTO%UD!r.. 

The handbook describes all types of 
electronic instruments -what they do, 
how they do it, and how to get the most 
from them. Subjects covered include 
electrical standards, distributed mea- 
surement, microwave passive devices, 
smart transducers, signal- and wave- 
form- generation instruments, and digi- 
tal- domain and virtual instruments. Ten 
new chapters explore software, comput- 
er, and network technology in the field 
of electronic instruments. 

(Continued on page 63) 



SURVEYING THE 

DIGITAL Do 
REID GOLDSBOROUGH 

's it time to scrap your PC or dump 
your investments in the likes of PC 

kingpins Intel and Microsoft? 
For the past five years, a vocal 

group of pundits and industry lead- 
ers has been predicting the death 
of the PC. It's complicated, expen- 
sive, unreliable, and underutilized, 
they say. IBM, the mainframe -corn- 
puter giant that legitimized the per- 
sonal computer with the introduc- 
tion of the IBM PC in 1981, included 
a section in its annual report last 
year titled, "The PC Era Is Over." 

Scores of companies are racing to 
introduce PC replacements. Computer 
trade shows, such as Comdex and PC 

Expo - traditional showcases for new 
PC products -are increasingly domi- 
nated by announcements about non- 
PC devices. 

What's happening is the Internet, 
and it is indeed leading to pro- 
found changes in the world of per- 
sonal computing. Rather than an 
end unto itself, the PC is seen more 
and more as just one of a number 
of Internet -access devices. 

Internet appliances, such as the 
i- Opener (www.netpliance.com), 
are easier to set up and use than a 
PC and less expensive, too. Handheld 
computers, such as the Palm VII 

(www.palm.com), are portable, popu- 
lar, and increasingly connected. 

THE OFFICE OF THE 
POST -PC WORLD 

For business use, network com- 
puters -which haven't been as 
popular as predicted by Sun 
Microsystems and Oracle, among 
others -are quietly encroaching 

Sun. 
Home . Products & Solutions 

-Overview 
-Hot Desk 
Architecture 

- Features & 

Benefits 
-Specifications 
-Enterprise 
Server Software 

-Interconnect 
-Technical 
Information 

-ISV Solutions 

Hardware Information Appliances . Sun Ray Appliances 

SUN RAY' APPLIANCES 

Sun Ray Product Line 
Sun Ray[tmj Appliances are stateless, zero administration clients that process only keyboard input and screen 

output, leaving all of the application processing and storage to the server The user is greeted with a rich, 

simple experience, while the administrator is rewarded with a centrally managed and reliable environment. 

Because the appliances are stateless, one Sun Ray appliance is interchangeable with another. 

. Rich Multimedia Capabilities 

. Lower Cost of Ownership, Lower Administration Costs 

. Hot Desking Technology Mows Session Mobility 
Improved Overall Manageability 

. Never Needs to be Upgraded 

Sun_Ráy_i, 
Sun Ray Appliance 

Sun Ray Bundles 

Sun- R0y.100 Sun_Ray_150 
Sun Ray allinone 

(embedded within a 1T' CRT monitor)(embedded within a 15" flat panel monitor) 
Sun Ray all -anone 

Sun Microsystems -long a champion of the Network Computer, or NC- manufactures and markets 

their Sunray series of terminals. 

upon the office. A recent survey by 
Computerworld magazine found 
that 35% of businesses are using 
network computers or other "thin 
clients," including PCs that run Microsoft 
Windows but don't have hard, flop- 
py, and CD -ROM drives. 

Network computers -such as 
the Sun Ray (www.sun.com /sunray) 
-cost less to buy and, more impor- 
tantly, to maintain than PCs because 
programs are accessed and upgrad- 
ed from a central server computer 
instead of individual hard disks. 

AT HOME IN THIS "BRAVE, 
NEW WORLD" 

For the consumer, there are "set- 

top boxes" that access the Internet 
through the TV, such as Microsoft's 
WebTV (www.webiv.com), and Web 
phones, such as the Sprint PCS Touch - 
point (www.sprintpcs.com /wireless), 

To round out this list, there are 
"voice portals" such as Tellme (www. 
tellme.com or 800 -555 -8355). Using 
this portal, you can obtain snippets 
of information, such as stock quotes 
and weather forecasts, over the 
Internet for free using a plain old 
telephone. 

It might seem that, like the main- 
frame computer before it, the PC is 

about to be supplanted by newer 
and simpler technologies. Even Micro- 
soft, which has a vested interest in 13 
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By calling a special toll free number, TeilMe lets you access all sorts of Internet -based information 
using voice- recognition technology -no PC necessary! 

consumers buying as many PCs as 
possible, is hedging and planning 
to adapt its software to the Internet. 

The thinking behind this Net - 
centric vision is elegant. As spelled 
out by one of its architects, Sun 
Microsystems CEO Scott McNealy, 
the crucial resource isn't the PC but 
information, which should be as easy 
to get as electricity. You shouldn't have 
to think about, let alone wrestle 
with, over -engineered access devices. 

"OL' RELIABLE" 
There's much to be said for this 

vision. However, it ignores one impor- 
tant reality. No non -PC device on 
the market or the drawing boards is 

as versatile as the PC. You can use 
a PC for the most wide -ranging of 
tasks, from budgeting or game 
playing to letter writing or to video 
editing, 

That versatility has validated the 
"personal" in "personal computer." 
By choosing your components, 
peripherals, and software and by 
customizing your programs with 
interface tweaks and productivity - 
boosting shortcuts, you can adapt 
a PC, to a remarkable degree, to 
the way you think. 

Sacrificing that versatility for a 
more stable and less expensive 
networked or portable machine is 

14 like going back to public trans- 

portation after buying your first car. 
Sure, it's more efficient in a plane- 
tary sense, but you lose the element 
of control. 

The versatility of the PC is also 
responsible for its popularity, which 
isn't likely to fall any time soon. The 
PC industry continues to experi- 
ence annual double -digit growth, 
and more than half of all homes in 
the U.S. now have PCs. :: . _S 

FUTURE? TENSE! 
This doesn't mean that non -PC 

devices won't catch on. However, I 

predict they will supplement, not 
supplant, PCs. eTForecasts, an Illinois - 
based market -research company, 
agrees. ft recently projected that Internet 
appliances, handheld computers, and 
other non -PC devices in use world- 
wide will grow from 21.5 million units 
today to 596 million in 2005, a huge 
increase. Yet it also projected that, 
over the same time period, the 
number of PCs in use worldwide will 
grow from 521 million units to a stag- 
gering one billion units. 

Later this century, you might walk 
around with computer chips em- 
bedded in your body. In the mean- 
time, however, you'll likely be sitting 
in front of a PC. 

The beige box isn't buried yet. 

BUYING A RELIABLE PC 
So the computer's not dead 

yet! All the more important to 
choose one that offers the most for 
your money. More than ever, per- 
sonal computers are commodities 
with little differentiation between 
vendors. 

Sure, you can choose a PC with 
a faster or slower processor, more 
or less memory, or a larger or small- 
er hard disk. Nevertheless, a high - 
end machine from one vendor is 

much like that from another, as is a 

Buy Online or Call 
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budget offering. 
On the other hand, despite nearly 

twenty years of mass production, PCs 

continue to be fickle beasts. Too 

often, after you unpack your spank- 
ing new PC and try booting it up, 
nothing happens. To use the reveal- 
ing industry term, it's "dead on arrival," 

or DOA. 
And that's not all. Even if it's not 

completely unusable, components 
may conflict with one another or 
otherwise may not work correctly. 
Moreover, when a unit does run 
fine initially, frequently it needs 
repair within the first year. 

Estimates indicate that as many 
as one out of four personal corn - 
puters break down each year. 

YOU GET WHAT 
YOU PAY FOR 

All this spells hassle. Who wants a 
machine you paid good money for 
to cause downtime and lost pro- 
ductivity? The single most impor- 
tant factor in buying a PC, there- 
fore, becomes reliability. 

To maximize the chances of 
buying a reliable PC, you can use 
your past experiences and those of 
colleagues or friends. However, 
you'll get a clearer picture of a sys- 

tem's likely reliability from surveys 
that tally the experiences of thou- 
sands of people. 

Among the most thorough sur- 

veys of PC reliability are those by 
computer publications. In recent 
issues, PC World and PC maga- 
zines -the two most widely read 
national- computer publications - 
reported their findings in surveying 
computer users. Consumer Reports 
periodically surveys computer users 

as well. 

THE TOP OF THE HEAP 
As it has in the recent past, the 

vendor that surpassed all others in 

reported reliability was Dell. PC 
World readers deemed Dell "out- 
standing" for both work and home 
use, the only vendor of the eight 
ranked to receive this designation. 
PC magazine readers gave Dell 
the only "A" grade among the 16 

desktop -PC makers rated. Consumer 
Reports gave Dell the top reliability 
score of the nine PC makers ranked 
in its latest findings. 

Dell was a mail -order pioneer, 
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DIALING FOR 
DOLLARS. 
Buy a WavetekTM multimeter and get a cash rebate of up to $15, 

which makes this quite possibly the world's best multimeter value. 

But hurry. This offer expires when 2000 does. 

Official Wavetek Rebate Form 

Rebates: $5 cn any Wavetek XL meter, $10 on all XTs and $15 on all HD 

B Series mocels purchased from 7/1/2000 to 12/31/2000 only. (1) Fill out 

this rebate form and attach your purchase receipt. (2) Mail to: Wavetek 

Rebate Offer, PO Box 3013 Walled Lake, MI 48390 Deadline: Rebate 

request must be postmarked by 12/31/2000. 

Name 

Address 

C ty State Zip 

Model Nurr ber of Wevetel: Multimeter 

Serial Number 

Name of distributor 
Terns and Conditions: Allow 6 to 8 weeks for delivery. Company employees and families, 
parents, children and their spoases, cc moan affiliates, subsidiaries, distributors or representatives,' 
its advertisirg agencies, rebate supplier and any other company involved with this rebate offer are 

no- eligible. Offe ' good only in the USA and Canada. Void where pro - 
hikited, taxed or o-herwise restricted. 3ebete cffer may not be trans - 
fer'ed. Oily irrdi:zted proofs of purchase .,rill be accepted. Rebates 
are not available d rectly from your 10c31 Wavetek distributor or retail- 
er. www.waetektesttools.com Or wits 90L5 Balboa Ave. San Diego, 
CA 92123. Wave-ek is a trademare of Wavetek, Wandel & Golterman, 
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Presenting the new Mac lamly You have 
lour models to choose from Mac, Mao 0V, 
!Mac DV. and !Mac DV Special Edition. The 
engaging attributes that charred millions of 
first -titre computer buyers -and stole the 
heals of many PC users as well -are back. 
And they're even better 

Want to get on the Internet? Piece of cake. 
The IMec comes with Mac CS a Installed, 
and -with its Setup Assistant-gets you 
online for the Ural time In tenures (The 
Setup Assistant helps you creme a new 
Internet account, or will use an existing 
account rf you already have one.) 
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While rated fourth by Consumers Reports in reliability, the Apple Macintosh has persevered despite 
whatever twists or turns the PC industry has thrown at it. 

and then an e- commerce pioneer. 
It serves the corporate, small business, 
and home markets; and it has an 
excellent Web site at www.dell,corn. 

WIN, PLACE, AND SHOW 
Dell's PCs aren't for everyone, of 

course. Other vendors might offer a 
system more attractively priced or 

POINT AND CLICK 

Apple Computer 
www.apple.com 

Dell Computer 
www. dell. corn 

Hewlett- Packard 
www.hp.com 

IBM Personal Computer 
www.pc.ibm.com 

Microsoft WebTV 
www. webtv.. corn 

Netpliance I- Opener 
www.netpliance.com 

Palm Computing 
www. palm. corn 

Sprint PCS Touchpoint 
www.sprintpcs.com/wireless 

Sun Microsystems Sun Ray 
www.sun.com /sunray 

Tellme 
www. tellme. corn 
800 -555 -8355 

available through a more appropri- 
ate channel. IBM, which received 
the second -best reliability rankings 
overall, has long been known for its 
attentive service through its world- 
wide system of dealers. However, it 
has stumbled over the years in the 
PC market. 

After legitimizing the PC in the 
early 1980s, IBM (www.pc.ibm.com) 
nearly knocked itself out of the 
market -a victim of proprietary 
designs and bureaucratic ineffi- 
ciencies. Lately, it has made a come- 
back. Today, it's a leader in many 
areas, including notebook PCs, hard 
disks, and e- business. 

Hewlett- Packard, (www.hp.com), 
is best known for its printers, but, in 
recent years, it has grown its PC 
business in both quantity and qual- 
ity and now ranks third overall for 
PC reliability. HP is a major player in 
the retail market and is a good 
choice when shopping at a local 
computer, office supply, or con- 
sumer- electronics store. 

THE REST OF THE PACK 
While still a niche product, the 

Apple Macintosh, (www.apple.com), 
has a legendarily loyal user base. Its 
reliability scores, though, are mid- 
dle of the pack. Consumer Reports 
readers placed the Mac in fourth 
place out of nine vendors ranked; 
and PC magazine readers, not the 

most fervid of Mac fans, gave it 
only a "C" grade. 

Locally built PCs, often called 
"white boxes," are popular and 
frequently cost -effective choices 
when shopping in person rather 
than over the phone or Internet. 
Reliability here depends on the 
individual store, particularly for 
smaller stores. 

In general, though, PC maga- 
zine readers gave white boxes a 
respectable "B" grade. Among the 
national retail chains, PC World 
readers gave Circuit City and 
Office Depot better scores than 
Best Buy, CompUSA, and Staples. 

After reliability comes support, 
since even the most reliable PCs 
can have problems. Dell also received 
the top support scores, followed by 
Gateway and Hewlett- Packard. 

Although playing the percent- 
ages doesn't guarantee you'll have 
a hassle -free experience, it can stack 
the odds in your favor. Buying from 
vendors that rank high in reliability 
also sends a strong signal to the 
entire computer industry that it 
needs to pay more attention to 
quality control. P 
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Plug a Friend into 

Poptronîcs® 
and Save .$40.89* 

I 

This holiday season give an electrifying gift ... plug a friend into 
Poptronics and brighten the whole new year! Whether electronics 
is your friend's livelihood or hobby, your gift will illuminate the 
whole spectrum of electronics throughout the coming year and 

provide a monthly reminder of your friendship. 

Poptronics will keep your friend informed and up -to- 
date with new ideas and innovations in all areas of elec- 
tronics technology ... computers, video, radio, stereo, 
solid -state devices, satellite TV, medical electronics, 
communications, robotics, and much, much more. 

Poptronics combines the best attributes of Electronics 
Now and Popular Electronics. It is the magazine for the 
hands -on electronics activist. We will be presenting arti- 
cles on just about everything electronic -from satellite 
TV equipment to DVDs, gadgets and gizmos to energize 
your life, audio amplifiers, professional service features, 
PC- related projects, and much, much more. 

PLUS: A selection of computer -oriented columns that 
explore the digital realm from the inner workings of a 
PC to the latest the Web has to offer. On the electronics 
side, there is something for everyone -from the begin- 
ner (Basic Circuitry and Q &A) to the expert. Whether 
your interest is fixing equipment (Service Clinic), tin- 
kering with robots (Robotics Workshop), or adventuring 

tir 

to the farthest reaches of electronics and science 
(Amazing Science) Poptronics takes you there. 

SAVE $40.89* ... OR EVEN $81.78* ... For each gift of 
Poptronics you give this holiday season, you save a full 
$40.89* off the newsstand price. And as a gift donor, 
you're entitled to start or extend your own subscription 
at the same Special Holiday Gift Rate -you save an 
additional $40.89 *! 

No need to send money ... if you prefer, we'll hold the 
bill till January, 2001. But you must rush the attached 
Gift Certificate to us to allow time to process your order 
and send a handsome gift announcement card, signed 
with your name, in time for the holidays. 

So do it now ... take just a moment to fill in the names of 
a friend or two and mail the Gift Certificate to us in its 
attached, postage -paid reply envelope. That's all it takes 
to plug your friends into a whole year of exciting proj- 
ects and new ideas in Poptronics! 

*Newsstand price -12 issues @ $4.99 each 
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by Steve Winde, 
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The internationally renowned series of CD ROMs from 

Matrix Multimedia has been designed to both improve 

your circuit design skills and to also provide you with sets 

of tools to actually help you design the circuits 

themselves. 

Electronic Circuits and Components provides an 

introduction to the principles and application of the most mat 1 x common types of electronic components and how they 

are used to form complete circuits. Sections on the disc multimedia 
include: fundamental electronic theory, active 
components, passive components, analogue circuits and digital circuits. 

The Parts Gallery has been designed to overcome the problem of component and 

symbol recognition. The CD will help students to recognize common electronic 

components and their corresponding symbols in circuit diagrams. Quizzes are included. 

Digital Electronics details the principles and practice of digital electronics. induding 

logic gates, combinational and sequential logic circuits, clocks, counters, shift registers, 

and displays. The CD ROM also provides an introduction to microprocessor based 

systems. 

Analog Electronics is a complete learning resource for this most difficult subject. The 

CD ROM includes the usual wealth of virtual laboratories as well as an electronic circuit 

simulator with over 50 pre -designed analog circuits which gives you the ultimate learning 

tool. The CD provides comprehensive coverage of analog fundamentals, transistor circuit 

design, op -amps, filters, oscillators, and other analog systems. 

Electronic Projects is just that: a series of ten projects for students to build with all 

support information. The CD is designed to provide a set of projects which will 

complement students' work on the other 3 CDs in the Electronics Education Series. Each 

project on the CD is supplied with schematic diagrams, circuit and PCB layout files. 

component lists and comprehensive circuit explanations. 

PlCtutor and C for PlCmicro microcontrollers both contain complete sets of tutorials 

for programming the PlCmicro series of microcontrollers in assembly language and C 

respectively. Both CD ROMs contain programs that allow you to convert your code into 

hex and then download it (via printer port) into a PIC16F84. The accompanying 

development board provides an unrivaled platform for learning about PIC 

microcontrollers and for further development work. 

Digital Works is a highly interactive scalable digital logic simulator designed to allow 

electronics and computer science students to build complex digital logic circuits 

incorporating circuit macros, 4000 and 74 series logic. 

CADPACK includes software for schematic capture, circuit simulation, and PCB design 

and is capable of producing industrial quality schematics and circuit board layouts. 

CADPACK includes unique circuit design and animation/simulation that will help your 

students understand the basic operation of many circuits. 

Analog Filters is a complete course in filter design and synthesis and contains expert 

systems to assist in designing active and passive filters. 

Shareware /demo CD ROM with more than 20 
programs $4.99 refundable with any purchase. 

Order Form: 
Please circle the products you would like to buy on 
the table below, calculate the total cost, fill in the 
rest of the order form and send it to us. NY residents 
add sales tax. Please allow 6 weeks for delivery. 

Student Institution 

Electronic Cots. & Comps. $50 $99 
Digital Electronics $50 $99 

Analog Electronics $50 $99 
Electronic Projects $75 $159 

PICtutor $179 $350 
C for PlCmicros $179 $350 

Digital Works $50 $99 
CADPACK $75 $159 

Analog Filters $75 $159 
Postage - USA $5 $5 

Postage - Canada $5 $5 
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Card Type: 

Card number. 

Mastercard, Visa, or Discover only I _ -J 

I have enclosed my check for $:._ 

Please charge my credit card for $: 

Phone your order to us on 

631- 8924721 

or send your order to: 

CLAGGK Inc. 
PO Box 12162 

Hauppauge, NY 11788 

Expire date: 

1 

Signature: 

Order online NOW from: www.poptronics.com 



A LOOK AT TOMORROW'S TECHNOLOGY 

type 
"Garage -Built" Supercomputer 

he latest version of Cplant Antarctica I 
is expected by researchers at Sandia 

National Laboratory to become the 20th 
fastest computer in the world after inte- 
grating 1300 off -the -shelf computers 
from Compaq Computer Corporation. 
The new Cplant will include 1600 
Compaq Alpha computers, also called 
nodes. (Three hundred older nodes will 
be used for other purposes.) 

Getting Up to Speed 
The term Cplant, for Computational 

Plant, has a double meaning: physical 
computational hardware (as in industrial 
plant) and an organic plant that grows, 
evolves, and is pruned. 

Formerly composed of only 600 
Alpha workstations, the "home -grown" 
Sandia computational duster had already 
been ranked 44th among the world's 
fastest supercomputers. It is also the 
largest "production" Linux cluster -a 
cluster that produces technical results to 
aid ongoing science projects. 

Cplant is a true, multipurpose super- 
computer, according to Bill Camp, direc- 
tor of Sandia's Computations, Computers, 
and Math Center. Scientists can run any 
program in exactly the same fashion as 
though they were using the Sandia 
supercomputer. Currently second fastest 
in the world, it is known as ASCI Red or 
the teraflops computer. Cplant's current 
use is to provide backup for the over- 
subscribed Red machine. With Cplant's 
new capabilities, driven by Compaq's 
Alpha DS10L processors, it should run 
from one -half to two -thirds the top 
computer's speed. 

Cplant Design 
1 h Compaq A1phaServer systems 

run a modified version of RedHat Linux, 
plus the parallel systems software devel- 
oped in the Cplant project. The DS 10L 

Ron Brightwell examines the motherboard from a personal workstation for one of the 
Cplant's computers. The Antarctica subcluster, in New Mexico, is the largest group and has 
1632 processors. (Photo by Randy Montoya.) 

processor is less than two inches tall, 
allowing up to 42 DS10L systems to be 
packaged in a standard rack. The Sandia 
design packages 33 systems in a rack, 
leaving room for other required compo- 
nents, such as high -performance inter- 
connections, networking, and system 
management. This is a significant expan- 
sion, since current Cplant designs allow 
only eight systems in a rack with little 
space for other components. 

Internal communications among 
processors are carried out over a series 
of links and switches called Myrinet, 
developed by Myricom Corp. The sev- 
eral internal communications networks 
in Cplant are critical to managing the 
computer as a single resource and to 
carrying large parallel jobs. The newest 
Myrinet switches and links arrived in 
July. 

Sandia now has 2600 Compaq Alpha 
computers as nodes in Cplant clusters of 
various configurations, with 512 at 
Sandia's California site. The Antarctica 
subcluster, in New Mexico, is the largest 
and has 1632 processors. This system is 
really three systems, with 256 processors 
always in a classified partition, 256 
always in a secure but unclassified parti- 
tion, and 64 always in a "open" parti- 
tion. The last are available to uncleared 
staff and partners from industry and 
academia. The other 1056 processors 
will be switched among the three ele- 
ments as demand for the types of calcu- 
lations warrants. 

Little Shop of Hardware 
The idea of hooking together off - 

the -shelf computers to create an inex- 
pensive computational cluster with 
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supercomputer functionality is generally 
credited to Thomas Sterling, now at the 
Jet Propulsion Laboratory in California. 
Sterling was one of the creators of the 
Beowulf system (which was developed to 
run very specific programs for small 
groups of users) in the mid- 1990s. Beowulf 
achieves cost savings and simplicity, but 
sacrifices scalability, balance, and gener- 
ality. Beowulf systems are typically loosely 
coupled and devoted to doing one or a 

few applications for small groups of 
researchers. In such roles they have 
proven to be extremely significant 
resources with a huge cost advantage 
over commercially provided solutions. 

"Most researchers have a hard time 
convincing their sponsors that this 
approach is feasible; ordinarily, the soft- 
ware out there doesn't scale to such 
numbers of nodes," says lead Cplant 
software developer Rolf Riesen of 
Sandia. "Our software, on the other 
hand, has already run. So Sandia jumped 
out ahead of the pack. 

"But not that ahead -only a year or 
two. Eventually, other people will get 
there too. People all over the world are 
already using Beowulf. We are hoping to 
release our software to the general pub- 
lic soon. Then everyone in the world 
will help us improve it." 

"Supercomputers for the past decade 
have traditionally been purchased as 

turnkey machines from the world's 
largest computer makers," says Neil 
Pundit, manager of Cplant software 
development. "Such machines have cables, 
connection boxes, as well as monitors 
and testing equipment, already built in 
place. In Cplant, we are following a new 
path, assembling a supercomputer out of 
parts, open- source software, and our 
own developments." 

The Poor Man's Supercomputer 
The fastest supercomputers in the 

world are an integral part of DOE's sci- 
ence -based stockpile stewardship pro- 
gram, which requires extremely high 
computational speeds to simulate nuclear 
explosions and to make sense of the tor- 
rent of data obtained from those simula- 
tions. ASCI Red, Sandia's Intel -built 
supercomputer, was the fastest machine 
in the world for several years until best- 
ed in early July by another DOE super- 
computer -ASCI White, an IBM -built 
supercomputer at Lawrence Livermore 

National Laboratory. The factory-built 
machines are still far superior to any off - 
the -shelf products. 

However, Sandia researchers decid- 
ed they could create a "poor man's" ASCI 
Red architecture by combining high - 
performance commodity parts with 
Sandia software developed by Riesen 
and his colleagues at Sandia's sites in 
New Mexico and California. They called 
this idea Cplant. Because they had 
helped develop the system software that 
made Red into the fastest computer in 
the world, they believed they could suc- 
ceed with an off -the -shelf version. 

Sandia took up the task of physically 
linking the highest performance com- 
modity PCs in the world into a tightly 
knit cluster -really a virtual supercom- 
puter. The researchers then developed 
the software to make this work. 

Bill Blake, vice president of Compaq's 
High Performance Technical Computing 
Group, says, "Sandia is doing pioneering 
work in building truly large Linux sys- 
tems, using a combination of open source 
software along with their researchers' own 
development, along with hardware, 
tools and compilers from Compaq." el 

Calling K -9 
NASA recently deployed a prototype 

planetary rover named K9 in the 
Nevada desert as part of an ongoing 
field test program designed to simulate 
robotic exploration on other planets. 

During the joint field operation between 
NASA Ames Research Center at Moffett 
Field and the Jet Propulsion Laboratory 
QPL) in Pasadena (both in California), 
K9 acted as a "scout" for JPL's rover, 
called FIDO. K9 assists FIDO by search- 
ing ahead for the best candidate rocks 
for it to sample. Planning for the rover's 
actions was supported by a suite of soft- 
ware tools called "Viz ", which were devel- 
oped at Ames by the Autonomy and 
Robotics group. Viz uses images from 
stereo cameras on -board K9 to create a 

photo- realistic 3D model of the sur- 
rounding environment. This model is 

displayed as a virtual- reality environ- 
ment within which scientists and rover 
operators travel, measuring distances 
and object sizes, to choose the best sam- 
pling sites and routes. 

"We've developed a systems- orient- 
ed approach with the ability to quickly 

bring diverse robotics technologies, 
advanced instrument designs, and a 

close -knit science and engineering oper- 
ations team together in a realistic field 
test," said Dr. Nicola Muscettola, leader 
of Ames' Autonomy and Robotics 
group. "The FIDO -K9 project is a ter- 
rific design tool for advancing NASA 
capabilities and dramatically reducing 
risk during future exploration missions." 

The main purpose of the test was to 
simulate the use of multiple cooperating 
robots in planetary exploration, and it 
showed how the two robots would work 
together in such a planetary exploration 
mission. 

Having just rolled off his flatbed truck, FIDO 
is ready to explore the Nevada desert as 
part of an ongoing field test that simulates 
robotic exploration on other planets. 

The test also familiarized the Athena 
science team, a group of researchers 
from several universities selected for the 
next Mars rover mission, with Ames' sci- 
ence visualization technologies. "This 
will allow the team to evaluate these 
technologies, recommend changes and 
improvements, and have better capabili- 
ties when their missions occur," explained 
Maria Bualat, project manager for K9. 

"In this test, K9 was exploring for 
interesting things, while FIDO was per- 
forming detailed analysis," she said. 
During the tests, the FIDO science and 
engineering teams were kept sequestered 
in the mission control room at JPL's 
Planetary Robotics Laboratory while 
the two rovers explored the site, whose 
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> Eyes in Back of Your Head 
According to the Department of Thansportation, 
back -up crashes account for 20 percent of 
all motor vehicle crashes. However, research 
conducted by the National Highway Traffic 
Safety Administration (NHTSA) showed that 
an estimated 70 percent of these accidents 
could have been prevented with the use of 
a collision- avoidance system. 

A next -generation microwave device, the 
Guardian Alert from Sense Technologies 
could make this type of accident a thing of 
the past. This environmentally sealed, high - 
impact unit provides the driver with both 
visual and audible warnings of objects up to 
12 feet behind a vehicle, when it is backing up. 

Based on Doppler Shift motion- activated 
microwave radar, this Warning System is 
described as the first available microwave 
system that detects objects and indicates 
the distance that the object is behind the 
vehicle. It works in all kinds of weather and 
light conditions, making it ideal for truckers who must operate their vehi- 
cles in a wide range of conditions, including rain, snow, sleet, and ice. 

Designed for mounting at the rear of a vehicle, it is self- contained in a 

rugged housing unit. The device is powered by a vehicle's reverse light cir- 
cuitry and is instantly activated once the vehicle is put into reverse. It 
automatically shuts off when in neutral or forward. 

The interior indicator, which features three LED lights and a speaker, can be 
installed in any location within the driver's compartment with access to the 
electrical system. A green light indicates the unit is on and functioning, and 
flashing yellow and an intermittent beep indicates a person or object is within 
12 feet. A flashing red and more frequent beep indicates an obstacle within six 
feet, and solid red with a continuous beep indicates an obstacle is within three 
feet of the vehicle. The detection zone extends eight feet across the width of 
the vehicle and six feet in height. 

For more information on the Guardian Alert, call 800- 988 -0555 or visit 
their Web site at www.guardianalert.com. 

A next -generation microwave 
device, the Guardian Alert is an 
environmentally sealed, high - 
impact unit that provides drivers 
with both visual and audible warn- 
ings when they are backing up of 
objects behind them. Based on 

Doppler Shift motion -activated 
microwave radar, this system 
detects objects and indicates the 
distance -up to 12 feet -that the 
object is behind the vehicle. 

0:1 

location was kept secret. 
"The teams only see the site through 

the eyes of the rovers just like it would 
he on a planet like Mars," said Dr. Carol 
Stoker, Ames chief scientist for the test. 
The science and engineering teams 
"see" the remote field site through the 
rover's instruments that collect black 
and white and color panoramic images, 
near- infrared spectra, and close -up mea- 
surements at the site, she said. 

FIDO and K9 are each about the size 
of a St. Bernard. K9 weighs about 90 
pounds and is 33 inches wide, 41 inches 
long, and 22 inches high. The rover 
moves at an average speed of 200 meters 
(less than one mile) per hour over 
smooth terrain. During the tests, K9 was 
powered both by solar panels and by 
rechargeable batteries. K9 is about twice 
the size of Mars Pathfinder's "sojourner" 
rover and is capable of performing tasks 
without much human help. 

K9 was named for the robotic assis- 
tant in the British science fiction televi- 
sion series Dr. Who. Its chassis was built 
at the Jet Propulsion Laboratory to be 
mechanically identical to FIDO. Its 
electronics, avionics, and instruments 
were built at NASA Ames. "Our engi- 
neering team designed K9's electronics 
to consume very little power and to 
enable remote control of the robot's 
power subsystems," said Bualat. "This 
allows our autonomy software to selec- 
tively manage resources and power sys- 
tems on and off, depending on the type 
of operations we are performing." 

K9 is controlled through the 
"Virtual Dashboard," a GUI, designed 
and built at Ames, that lets the rover 
operator send single commands or build 
and up -link a sequence of commands. 
Command sequences are up- linked to 
the robot over a satellite and executed 
autonomously by K9's on -board execu- 

five software. The Dashboard automati- 
cally generates Web pages, which let sci- 
entists view sequence logs and downlinked 
images in real time. 

Out of Time 

m 

Wbile recovering from an illness in 
1665, Dutch astronomer and physi- 

cist Christiaan Huygens noticed some- 
thing very odd. Two of the large pendulum 
clocks in his room were beating in uni- 
son and would return to this synchro- 
nized pattern regardless of how they were 
started, stopped, or otherwise disturbed. 

An inventor who had patented the 
pendulum clock only eight years earlier, 
Huygens was understandably intrigued. 
He set out to investigate this phenome- 
non, and the records of his experiments 
were preserved in a letter to his father. 
Written in Latin, the letter provides 
what is believed to be the first recorded 
example of synchronized oscillators -a 
physical phenomenon that has become 
increasingly important to physicists and 
engineers in modern times. 

More than 300 years after Huygens' 
letter, physicists at the Georgia Institute 
of Technology have recreated his origi- 
nal experiment. Beyond the historical 
curiosity, the researchers hope this straightfor- 
ward mechanical system of gears, springs, 
weights and levers may help them gain 
insights into more modern and complex 
synchronized oscillators. 

"Having a system available that lends 
itself to an intuitive and physical under- 
standing could be quite useful," said Dr. 
Kurt Wiesenfeld, a Georgia Tech pro- 
fessor of physics. "We might be able to 
learn how this system is like laser sys- 
tems or superconducting electronic sys- 
tems. If there are general mechanisms 
affecting coupled oscillators, then per- 
haps we can learn about these mecha- 
nisms by using the clocks as mechanical 
analogs for electronic systems." 

In particular, Wiesenfeld says the 
clocks may offer a new way to look at a 

type of electronic device known as a 

Josephson Junction. 
"It's a very old- fashioned idea, not 

the way people who study coupled oscil- 
lators have been thinking about nonlin- 
ear dynamics over the past decade or 
so," he added. "Classical physics still has 
things to teach us." 

The system under study consists of 
23 
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two spring- powered pendulum clocks 
attached to a wooden platform with 
metal weights added. The platform is set 
on wheels, free to move along a level 
metal track Though the clocks are much 
smaller than those built by Huygens, the 
relationship between the masses of the 
pendulum bobs and that of the overall 
platform is similar. The clocks' period 
time between ticks is also approximately 
the same. The modern dock system includes 
a feature not available to Huygens: laser 
monitoring that records the pendulum 
swings for computer analysis. 

Undergraduate researcher Matthew 
Bennett adjusts the pendulum of one clock 
under study in this recreation of a 1665 
experiment. More than 300 years later, 
physicists at the Georgia Institute of 
Technology have recreated the original 
experiment of Dutch astronomer and physi- 
cist Christiaan Huygens. The system con- 
sists of two spring -powered pendulum 
clocks attached to a wooden platform, 
which is set on wheels and freely moves 
along a level metal track. The modern clock 
system includes a feature not available to 
Huygens: laser monitoring that records the 
pendulum swings for computer analysis. 

So far, the clocks have shown an 
ability to synchronize only in anti- 
phase -that is, with their pendulums 
swinging in opposite directions. This is 
true even when the pendulums are 
started in- phase -swinging in the same 
direction. The 1665 letter recounts that 
Huygens also observed only anti-phase 
synchronization, helping confirm that 
the Georgia Tech researchers have suc- 
cessfully duplicated his experimental 
conditions. 

But the Georgia Tech clocks also dis- 
play behavior Huygens did not describe: 
what the researchers call "amplitude 
death." Instead of synchronizing, one or 
both pendulums ultimately stop moving 
altogether. This becomes more likely as 

weight is removed from the platform 
carrying the clocks. 

Unlike Huygens, Wiesenfeld and 
collaborators Dr. Michael Schatz and 
undergraduate student Matthew Bennett 
do have theories to explain what they see. 

"In modern terms, the general 
motion of pendulums can be roughly 
described as a combination of in -phase 
and anti-phase synchronized motions, 
which are `normal modes, " explained 
Schatz, an assistant professor of physics. 
"A key feature of our understanding of 
Huygens' clocks is that the in -phase 
motion doesn't couple to the platform in 
the same way as the anti-phase motion. 
In -phase motion can drive the very small 
platform movement, which drains ener- 
gy out of the system through friction 
between the platform and the surface on 
which it rests." 

But when the clocks are synchro- 
nized in anti- phase, the swinging pendu- 
lums balance each other, generating no 
movement in the platform. This con- 
serves their energy, thus providing a 
mechanism for favoring anti-phase 
motion by the system, he suggested. 
"The heavier the platform, the smaller 
the coupling between the two clocks," 
Schatz said. "If it's really heavy, the plat- 
form doesn't move at all, and there is no 
coupling and no synchronization. But 
on the other hand, if the platform is too 
light and there is too much motion, it 
will damp out the clocks' energy and 
create `amplitude death. "' 

Despite the differences introduced 
by improved clock making, the fact that 
both systems display stable anti-phase 
synchronization shows the robustness of 
that feature, Wiesenfeld pointed out. 

But questions remain. "There's a lot 
of detective work in this," said Wiesenfeld. 
"You can get some pieces of it, but 
you're not sure what to fill in. The more 
you think about it, the more you can 
imagine other possibilities." m 

No Pirates Allowed 
PanelLink, a new transmitter and 
controller from Silicon Image, Inc., 

will allow consumer electronics manu- 
facturers to securely transmit and dis- 
play content -protected, high -definition 
Hollywood video without fear of piracy. 
The SiI 168 PanelLink transmitter and 
SiI 861 PanelLink controller are the first 

end -to -end Digital Visual Interface 
(DVI) 1.0- compliant semiconductor chips 
to incorporate High -bandwidth Digital 
Content Protection (HDCP). 

This HDCP capability has been her- 
alded by the Motion Picture Association 
of America (MPAA) as a means of pro- 
viding consumers with the high- defini- 
tion, Hollywood- studio content they 
desire, while also preventing illegal and 
unauthorized duplication. This industry 
milestone paves the way for consumers 
to receive previously unreleased and 
unavailable high -quality video -on- demand. 

The additional HDCP circuitry in 
the SiI 168 allows the transmitter to 
encrypt the data so that it's content -pro- 
tected by using special "keys" provided 
by the system manufacturer. The Sil 168 
along with the new SiI 861 controller 
embedded in a display -such as a liquid - 
crystal display (LCD), digital projector, 
or high -definition TV (HDTV) veri- 
fies that the display is the correct recipi- 
ent for the data. Upon verification, the 
SiI 168 transmits the encrypted, uncom- 
pressed data, such as high -definition digital 
video, which is then authenticated by the 
SiI 861 controller and displayed for the 
end -user. 

The SiI 168 operates with any 
PanelLink receiver to transmit standard 
DVI 1.0 video. Two SiI 168 transmitters 
may be used in a dual link mode to 
achieve data transfer up to 10 gigabits 
per second, supporting very-high reso- 
lution displays up to 2056 x 2048. All 
PanelLink transmitters introduced in 
2001 will be HDCP -enabled. They are 
designed for set -top boxes, which are 
projected to reach 28 million units in 
2000, as well as DVD players, digital 
VHS recorders, and PCs. 

For high -end, flat -panel -display moni- 
tors, the SiI 861 controller is a single - 
chip solution incorporating a PanelLink 
receiver and additional display function- 
ality. In addition to offering HDCP 
capability, the SiI 861 controller features 
advanced scalar and color enhancing 
technologies, which provide consumers 
with crystal clear, pure -digital images. 
The SiI 861 supports resolutions up to 
SXGA+ (1400 x 1050) with its parallel 
and integrated LVDS output enabling 
support of dual digital monitors. The SiI 
861 is a simple, pure -digital controller 
that does not require a microcontroller, 
thus lowering system cost. 



TALKING STATION FOR 

YOUR MODEL RAILROAD 
This versatile add -on brings excitement and life to 

your model railroad. A simple circuit using an inex- 
pensive audio -memory chip makes it easy to build. 

Your voice makes the announcements. 

The American Flyer No. 755 
Talking Station was very clever 

when it was introduced in 1939, It 

consisted of a record that played, 
producing railroad chatter around 
the station whenever the train 
approached. The unit had many short- 
comings. The records would wear out. 
The stylus, or needle, would wear 
out. The sound quality was marginal. 
However, the concept was excel- 
lent and in high demand. 

Thanks to modern electronics, it 

is easy to produce a talking station 
today. I made an ISD1000A inte- 
grated circuit the heart of my elec- 
tronic talking station. The device 
provides twenty seconds of elec- 
tronically recorded sound and can 
be cascaded to provide many 
minutes, if so desired. 

The circuit is easy to build and 
fun to use. It is compact, reliable, 
and inexpensive. With a little imag- 
ination, hobbyists can also use the 
circuit for a talking switch tower, 
water tower, newsstand, or any- 
where else that sound would -or 
would not -be expected. One 
humorous idea is a stock car with a 
pinball -like "tilt" switch. If the car is 

jostled too hard, a recording of cry- 
ing animals (sheep, cattle, horses, 
etc.) could sound their protest for 
being bumped! 

Circuit Description. The Talking 
Station schematic is shown in Fig. 1. 

The main component is IC1, an 
ISD1000A voice record /playback 
integrated circuit. This device is an 

DENNIS EICHENBERG 

analog -sampled data system with 
an on -chip microphone preamplifi- 
er, automatic gain control (AGC), 
anti -aliasing and smoothing filters, 
storage array, speaker driver, con- 
trol interface, and internal precision 
reference clock. 

As the ISD1000A takes each sam- 
ple, it temporarily stores it in a sam- 
ple- and -hold circuit and eventually 
records it into a single electrically - 
erasable programmable read -only 
memory (EEPROM) cell. The 
ISD1000A stores up to twenty sec- 
onds of sound using a sample rate 
of 6.4 kHz. 

Thanks to the EEPROM technolo- 
gy, no power is required to main- 
tain memory; the recorded sound 
remains intact until it is recorded 

over. Re- recording may be done 
an almost infinite number of times. 
The integrated circuit is very versa- 
tile and can be configured for many 
different applications, but a basic 
configuration was used for the 
Talking Station. 

To power IC 1 requires five volts 
DC for proper operation. The full - 
wave bridge rectifier, BR1, together 
with 103 (a 5 -volt three -terminal regu- 
lator), provides the power. This sup- 
ply circuit will work from any source 
from 5 to 20 volts AC or DC; polari- 
ty is not critical. The entire circuit 
uses about 50 mA when operating 
at normal volume, so heat sinking is 

not required. Capacitors Cl -C4 
are filters that enable the circuit to 
deliver good sound output quality. 25 
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Fig. 1. The full schematic of the Talking Station. 

To keep cost down, I use the ana- 
log input of IC1 rather than the 
microphone input. Resistors R3 and 
R4 comprise a voltage divider to 
make the standard line- output sig- 
nal from an audio system compati- 
ble with IC1. Capacitor C6 couples 
the audio signal into IC1. 

In many applications, IC 1 can drive 
a speaker directly, but the output 
level is a bit low for most model -rail- 
road applications. To overcome 
this limitation, I added audio ampli- 
fier IC2 to provide a good strong 
sound -output level that drives a 
speaker to the required volume. The 
volume is adjusted with poten- 
tiometer R2. The output from ICI is 

coupled to IC2's input via capaci- 
tor C5. To drive a standard speaker, 
IC2's output needs a coupling 
capacitor; C7 fills that task. 

The speaker can be any 8-ohm unit. 
Some experimentation with speaker 
type, size, location, and mounting is 

required to obtain the best results. 

Switches Si and S2 are used pri- 
marily for recording. Once a record- 
ing has been completed, you only 
need to power the circuit to make 
it play back. Switch S1 is a momen- 
tary pushbutton switch that is used 
to reset the circuit. Toggle switch S2 
is used to select the record or play - 

26 back function. 
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Budding the Circuit. The circuit was 
built with parts that can be found 
almost anywhere. Most can be 
picked up at any local RadioShack 
store. I used a solderless breadboard 
to make assembly easy and to 
provide access for modifications if 

desired at some later date. Simply 
inserting the component leads into 
the breadboard as required makes 
all connections. The components can 
be easily removed and the circuit 
reconfigured at any time. The entire 
circuit is small esnough to fit into an 
0-gauge railroad station. 

Construction is not critical, but 
good wiring practices will assure 
satisfactory operation. Keep all of 
the components close together 
and make all lead lengths as short 
as possible. 

The assembled breadboard. Only four leads go 

off the board; two to the power supply and two 

to the speaker. See text for details. 

VOICE CHIP AVAILABILITY 

As we were going to press, we discovered 
that ISD, the ISD1000A manufacturer, has 
discontinued this device. While the device 
should be available from various surplus 
sources, it may be difficult to obtain in the 
future. However, a wide variety of similar 
devices are being manufactured and are 
readily available from many different 
sources. A visit to the manufacturer's Web 
site (www.isd.com) reveals numerous 
new -generation record /playback chips 
with longer playback times and the ability 
to store several messages on one chip. It 

is no longer necessary to cascade units to 
get longer periods of recording time; you 
simply purchase a device with that desired 
recording time. 

The schematic and construction details 
shown in this article are all drawn around 
the ISD1000A. To use a replacement, it will 
be necessary to check the specification 
sheet and make some circuit changes as 

these devices DO NOT all have the same 
pinouts. Full data sheets -including pinouts 

and sample application circuits -are avail- 
able for download from ISD's Web site. 

All of the ICs and the bridge rec- 
tifier are compatible with the sol- 
derless breadboard and can be 
plugged right in. Switches S1 and S2 

can also be plugged in. If you 
come up with a switch that cannot 
plug in because its pins won't fit the 
holes, simply solder on a short pig- 
tail lead to each contact. The pig- 
tails then plug into the board. 
Capacitors Cl, C2, C5, and C6 are 
non -polarized units and can be 
connected in either direction. 
Capacitors C3, C4, and C7 are 
polarized units; proper polarity must 
be observed. The resistors are 
(obviously) non -polarized, but poten- 
tiometer R2 should be connected so 
that the wiper (center terminal) is 

at ground when set fully counter- 
clockwise and at C5 when set fully 
clockwise. That way, R2's setting will 
"read correctly" to our home-stereo- 
trained minds. 

Four wires must be brought off 
the board: two for power and two 
for the speaker. There is no need to 
be concerned about power polar- 
ity. Proper speaker polarity, howev- 
er, should be observed. There is nor- 
mally a red dot or a plus sign on the 

(Continued on page 31) 



There's a lot of sinnrt electronics 

INSIDE A FURBY 
Theres much more to a Furby than meets the eye. 

Let's peel back the fur and take a peek inside. 

JULIAN EDGAR 

Achild's toy might seem to be a 
strange subject for an electron- 

ics magazine like Poptronics. But as 

you'll soon see, it isn't. Packed 
inside a Furby's five -inch -high furry 
body is an amazing complexity of 
mechanical and electronic com- 
ponents -and software. 

Unconvinced? How's this then? 
The software boasts the ability to 
actually change the toy's output 
behavior in response to the prefer- 

ences of the child who owns it. Yes, 

the Furby can adaptively learn! 
When you consider the retail cost - 
just $30, throw in a spoken vocabu- 
lary of 160 words (capable of being 
incorporated into no less than 1000 

different phrases), and the ability of 
Furbys to automatically communi- 
cate with one another via a built -in 

infrared port, then you have state - 
of- the -art in a very unassuming 
package indeed! 

The Toy. The Furby is a fur -covered 
pseudo -animal with fixed feet and 
a movable mouth, ears, and eyes. 
In addition, the Furby can rock for- 
ward on its base platform. The mov- 
able parts of the toy are mechani- 
cally driven by an internal electric 
motor (more on this in a moment) 
that operates the eyelids, opens 
and close the mouth, and waggles 
the ears up and down. Also hidden 
under the fur are pushbutton switch- 

Originally published in the Australian electronics magazine Silicon Chip, May 2000. 27 
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the design, fearing a backlash from 
exasperated parents. Furbys don't 
have an on /off switch, you see. 

Here's an example of its behav- 
ior: I just picked up the toy and it 
said "Mmmmmmm, me love you." 
However, the last time I roused it 
from its sleep, it said "Sun's up." 

This Furby's head, stripped of its outer covering 
and fur, reveals the light sensor between the 
eyes. On either side are infrared transmitter and 
receiver LEDs. Furbys can automatically com- 
municate with one another via this infrared link. 

es on the front and back as well as 
a switch inside the mouth that is 

triggered whenever the mouth is 

opened manually. 
A big factor in the toy's success is 

its language skills, with an internal 
speaker able to clearly communi- 
cate "spoken" words and phrases. 
There are also additional inputs and 
outputs, but more about these later. 

A short description of the toy does 
not do it justice; it is the way that it 
works which is so interesting. For 
example, as I write this, my Furby 
(yes, I bought one as part of the 
research for this story!) is "asleep." 
How do I know? Well, it made snor- 
ing noises, and then rocked for- 
ward and closed its eyes. 

Loud noises or changes in light or 
other stimuli will not wake it. To 
rouse the beast, you must pick it up 
and tilt it to trigger an internal tilt 
switch. By the way, early Furbys were 
apparently much harder to put to 
sleep, requiring a certain sequence 
of events including lots of pats on 
the back. However, Furby manufac- 
turer Tiger Electronics Ltd. changed 

Kevin & Kell 

This photo shows just how jam -packed a Furby 
is inside. A semicircular PC board is located 
just above the battery compartment, with the 
mechanical module mounted on top of that. The 
sound -sensing microphone is hanging on its 
lead in the foreground. 

This lack of predictability in response 
to stimuli lifts the personality realism 
to a totally different plane compared 
to most toys. When awakened, it 
might have just as possibly said, 
"Me sleep again" or "Cock- doodle- 
do, big light!" Or it might have sneezed, 
giggled, or made one of many other 
sounds. Each Furby picks its own 

© 1999, Bill Holbrook 
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In this view; the horizontal axis camshaft can be 
seen, with plastic cranks moved by the cam 
lobes connecting to the eyes, ears, and mouth. 
The cam -position switch is located in the middle 
of this picture, with the reset switch at the bot- 
tom. The wiring harness is held in place with 
many globs of hot -melt glue. 

name from its available list of sounds 
(mine says "Me Too Loo "), and indi- 
vidual Furbys have differently pitched 
voices. 

If left unstimulated for a few min- 
utes (no noises, no changes in light 
intensity, or no switches pressed), a 
Furby will sometimes say "Mmmmm 
...boring!" If still ignored, it will go to 
sleep. When taken for a ride in a 
car, a Furby will say "Wheeeeee!" 
whenever the car corners; and it 
will suggest that it wants to play 
"hide and seek" when the intensity 
of the light suddenly changes. 
When it is held upside down, it will 
initially giggle, which will sometimes 

How NOT to treat a Furby. 
For background, see www.ruben.org/holbrook, www.herdthinners.com, or www.kevinandkell.com. 



The Furby's 2 -inch speaker is capable of very 
clear sound reproduction. 

change to "I'm scared" if it is held 
in this position for too long. 

Games. There are several games 
built into the toy. For example, to 
place a Furby into the "hide -and- 
seek" mode, you need to cover 
and uncover the light sensor locat- 
ed between the eyes three times, 
and then the front pressure switch is 

activated ( "tummy tickled" in Furby- 
speak). The beast then needs to be 
hidden within a minute, following which 
it will be quiet for three minutes. 
Once this time has elapsed, it will 
start saying "nah, nah, nah" at 
intervals until it is found. 

When batteries are first inserted 
into it, a Furby speaks no English 
words or phrases. Instead it speaks 
in "Furbish," and a dictionary with 
44 entries lists the English transla- 
tions. However, after a few hours of 
stimulation, the toy starts to speak 
some English; and after a day or 
two, it speaks mostly English. Note, 
however, that English words are not 
actually being learned; instead, it 

would appear that after Furbish 
phrases and words have been 
"spoken" a set number of times, 

The main PC board contains most of the elec- 
tronic circuitry. The position sensor is at the 

upper left corner, while two daughter boards 
(each with a custom microporcessor) are locat- 
ed at the left. 

that word or phrase is replaced by 
English. 

The developmental stage that 
the Furby has reached is maintained 
when the batteries are changed. 
However, there is a reset mechanism 
that can be activated to return a 
Furby to infancy! 

If a Furby initiates a pattern of 
behavior (for example, it makes 
kissing sounds when the front "tick- 
le" switch is activated), patting it 

on the back (i.e., activating the rear 
switch twice) will reinforce this behav- 
ior. Consequently, individual Furbys 
can adopt slightly different behav- 
iors on the basis of their owner's 
preferences. 

So you can see that, from a 
child's perspective, a Furby is a very 
attractive toy indeed. It has a dis- 
tinct personality (sometimes with 
negative character traits like belch- 
ing and breaking wind!) and initial- 
ly has its own language but soon 
learns English. It has its own demands: 
if it isn't fed, a Furby becomes ill and 
sneezes a lot. It's easy to see why 
Furbys have become so popular. 

The Mechanics. As mentioned ear- 
lier, an internal motor drives the 
movable parts of a Furby. This 

reversible DC motor is mounted to 
one side of a "movement module" 
positioned inside the top half of the 
toy. The motor drives a series of 
reduction spur gears that rotate a 
worm drive. The worm drive, in turn, 
acts on a large cog attached to a 
shaft that has a series of cam lobes. 
These lobes bear on connecting 
rods that move the eyelids, mouth, 
and ears, and rock the Furby back- 
wards and forwards. 

Rotating the shaft in a single 
direction causes each moving part 
to be operated in sequence. Since 
each movable item has its own 
cam arranged so the lobe center 
angles do not overlap, each mov- 
able item can also be operated 
independently if the camshaft is 

rotated back and forth within a 
narrow rotational angle. For exam- 
ple, during "dancing" (where the 
Furby rocks back and forth), the 
shaft is rotated so that only the 
rocking motion lobe is operated. 
This position of the camshaft 
behaves as a "dead spot" for the 
lobes that drive the eyelids and 

The small reversible DC motor works hard for 
its living; if the toy is used for extended periods, 
a strong "electric- motor" smell is emitted! 

ears. During dancing, the eyes and 
ears stay still. 

Because the main worm drive 
cannot transmit torque in the 
opposite direction (e.g., the motor 
cannot be turned by moving the 
ears), a slip mechanism is built into 
each movable body part. This mech- 
anism allows these parts to be 
manually moved without causing 
damage. 

The motor uses sprung copper 
leaves to transfer power to the 
commutator. Carbon brushes aren't 
used -instead there appears to be 
some type of conductive grease 
spread over the relevant area. This 

probably explains the strong "elec- 
tric motor" smell if the toy has been 
operating continuously (e.g., held 
upside down) for some time. 

The Electronics. The electronics com- 
prise a main, double -sided PC board 
with surface -mount and conven- 
tional components on it. Additionally, 
there are two small daughter PC 

boards mounted on the main board 
at right angles, each carrying a 
custom COB (chip on board) micro- 
controller. Serial data is transferred 

The microprocessors are custom designs, bond- 

ed directly to the PC board and encapsulated in 

black epoxy. With the Furby manufactured liter- 
ally by the millions, this approach is very cost 
effective. 29 
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There are entire Web Sites devoted to Furbys and hacking techniques. 
One of the best is "Blank Frank's Furby Stimulation Page" at 
www .veg.nildram.co.uk /furby.html. 

between these two microcon- 
trollers, which are run at 3.58 MHz. 

A 93C46 non -volatile EEPROM 
with 1K of storage is mounted on 
the main board. This probably con- 
tains the Furby's name, develop- 
mental state, and adaptive memo- 
ry. It would appear that a separate 
chip is solely responsible for gener- 
ating the sound output- perhaps 
this approach has been taken to 
allow easy implementation of Furbys 
that speak other languages. 

The system's inputs and sensors 
are as follows: 

A reset switch (next to the bat- 
tery compartment under the toy) 
A back switch (senses back pats) 
A front switch (senses tickling) 
A cam -position sensor (a small 
leaf switch) 

o 
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This Web site, at www. geocit ies. com/ SiliconValley /Pines/7438 /furby.htm1 
includes a program that lets you record, save, and play back a Furby's 
infrared signal. 

A gear -speed sensor (an LED 
and sensor blocked by a black 
plastic gear with four slots) 
A ball -tilt switch (detects level, 
tilt, and upside -down orientations) 
A light sensor behind a panel 
between the eyes 
An infrared -receiver LED (near 
the light sensor) 
A microswitch "feed sensor" behind 
the mouth 

The outputs are as follows: 

A 2 -inch loudspeaker with a 
clear plastic cone 
An infrared -transmitter LED (near 
the light sensor in the forehead) 
Forward and reverse motor 
operations. 

The motor is driven at battery 
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Furbys include an infrared port for communication with other Furbys 
and can often be tricked into responding to IR remote controls. There's 
lots of information on this at www. homestead .com /hackfurby /files/FUR 
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voltage (6 volts nominal), while a 
pair of diodes is used to provide 
5.3 -volt and 4.8 -volt supplies for the 
rest of the circuitry. 

Infrared Communications. One 
interesting aspect of the toy is its 
ability to use infrared transmissions 
to communicate with other Furbys. 
Furbys can normally communicate 
with each other when placed in 
close proximity, although my sam- 
ple Furby steadfastly refused to 
communicate with another Furby 
whose access was arranged for just 
that purpose. Apparently, they are 
capable of transferring colds (the 
healthy Furby starts to sneeze as 
well) and developmental stages - 
a Furby can speak more English 
after being in contact with a more 
advanced Furby! 
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What do you do if your Furby "dies ?" Tie a "toe -tag" to him and con- 
duct a thorough autopsy, of course. You can find out the cause of Toh 
Loo -Kah's untimely demise at www.phobe.com/furby /cause.html. 



THE FURBY FILES 

There's lots more information on the Furby on the Internet. Much of the information for this 

article was derived from the many Web sites devoted to the history, dissection, hacking, 

and electronics of the Furby. Here is a representative list to get you started in your quest 

for all knowledge Furbish: 

ai.tqn.com/compute/ai/libraty/weekly/aa101398.htmFurby 

freeload.homestead.com/ ksi0701961574651052 /hackfurby/files/furby.pdf 

www.blueneptune.comA-maznliz/marius/furby.htm 

www.geocities.com/SiliconValley/Pines/7438/furby.html 

www.homestead.com/hackfurby/files/FURBYIR.html 

www.phobe.com/furby/faq2.html 

www.veg.nildram.co.uk/furby.html 

www.wired.com/wired/archive/6.09/furby pr html 

For the hackers, the infrared port 
also allows another pursuit- fooling a 
Furby into doing odd things by stimu- 
lating it with foreign infrared signals! 

IR- emitting devices that have been 
used for confusing Furbys include PC 

IRDA ports, purpose -built standalone 
Furby IR transmitters, the Palm Ill hand- 

held computer with OmniRemote soft- 

ware, TV and VCR remote controls, 
and even a Nokia 9110 mobile phone! 

If you want to find out how to do 
this, refer to the Web sites listed in 

the sidebar. That's right; there are 
entire Web sites devoted to Furbys 

and hacking techniques. Take a 

look at "Blank Frank's Furby Stimulation 

Page "(www. veg. nildram.co.uk/fur 
by.htm), for example. Among other 
things, he shows you how to control 
a Furby using a computer's IRDA port. 

What, no IRDA port? Blank 
Frank's got that covered as well, 
with a simple circuit that you can 
build yourself. 

For the technically minded, here's 
how Furbys communicate: they use 

IR pulses approximately 150 -200 mS 

wide with a bit time of 2 mS. The 

communication packets consist of 
nine bits sent six times, with silence 
between each set of nine bits, giv- 
ing a repeat rate of about 100 mS. 

The nine bits consist of a start bit, 
four data bits, and then the same 
four data bits inverted. There are a 
total of lb different signals that can 
be communicated. 

A few years ago, a self -learning 
toy that talked, communicated 
"Intelligently" with other toys of the 
same type, and contained internal 
software that gave a very real sim- 

ulation of "personality" would have 
been the stuff of dreams -espe- 
cially at this price! Furbys show that 
not all electronic advances are 
confined to esoteric areas. P 

TALKING TRAIN STATION 
(continued from page 26) 

positive terminal of the speaker. 
Connect this side to C7 and the 
other terminal to ground. Audio 
input goes through J1. Its center ter- 
minal connects to R3; the outer ter- 
minal goes to ground. Double - 
check all wiring against the schemat- 
ic to verify that it is correct before 
applying power. 

Setup. Connect the completed 
Talking Station as shown in Fig. 2. 

Adjust R2 to its center position and 

J.. 

For automatic operation, a conventional Lionel 

sensor is used to trigger the speech module. 

izrz" 

sw 

MENA 
TALKING STATION 

MOMENTARY PUSHBUTTON SWITCH Z 

Fig. 2. How to set up the Talking Station circuit for manual operation. 

connect an audio source to J1. 

Prepare whatever you want the 
Talking Station to say. To make sure 

that you get the best recording 
quality, make a tape recording with 
the desired twenty seconds of sound 
on a good quality tape deck. A 
voiceover with background sounds 
from an actual railroad station can 
be quite effective 

When you are ready to commit 
your announcement to silicon, set 
S2 to the "record" position. Turn the 

5 TO 20 VOLTS 
AC /DC 

power on. Turn the audio source 
on. Momentarily press S1 to reset 
the unit; IC1 is now recording. Play 
back the tape recording into the 
circuit. Record for at least twenty 
seconds. Turn the audio source off. 
Turn the power off. I have done this 
with great success, and it can be 
done as many times as required to 
achieve the desired results. 

On The Layout. Set S2 to the "play" 
(Continued on page 64) 31 



SERVIC 

CLINIC 

An adaptable, fun, and educational microcontroller kit with a PC interface. 

Playing the board version of TV quiz 
games can sometimes be dull. 

Unless you have some type of buzzer 
or other signaling device, taking turns 
lacks the thrill of racing to see who 
can answer the question first. How 
can you determine with some 
degree of fairness who was first off 
the bench? With the GameEnhancer 
presented here, you can do just that 
and liven up those games. Up to four 
contestants can compete to answer 
a question now. 

Adding to its similarity to TV game 
shows, a selectable theme song can 

32 be played in the background while 

STEVE HENRY 

the contestants compete to be the 
first to respond! While playing up to 
16 different programmable and 
selectable songs, the GameEnhancer 
detects and displays on a seven - 
segment LED which game -control 
button was pressed first. 

The unit itself is compact and 
runs on batteries or from a 9- to 12- 
volt DC wall transformer. It comes 
with a combination on /off switch 
and volume control. 

In addition to livening up some 
board games, this design is easy to 
build and use. It is based around 
Microchip's 16F873 flash -program- 

mable microcontroller. You don't 
need a PIC programmer -the pro- 
gramming circuit is included in the 
design. For those who understand 
the PIC programming language, 
commented source code is provid- 
ed for easy modification. You can 
even use the main unit to program 
and debug other PIC 16F873 proces- 
sors when the project isn't pressed 
into service making games more 
exciting. If you know something 
about designing or modifying PIC 
software, you can create and com- 
pile your own assembly- language file 
using Microchip's free software; see 



www.microchip.com for details and 
download instructions. In fact, the 
GameEnhancer can also be used as 

a 16F87X- series programmer. 
What's unique about the Game - 

Enhancer is its adaptability. With 
Microchip's free assembler and link- 

ing software, the GameEnhancer 
software can be modified to build 
a number of other projects. The 

peripheral circuits (audio output, 
LED display, serial EEPROM memo- 
ry, A/D converter, buttons, and ser- 

ial interface to a PC) can be com- 
bined in different ways. For exam- 
ple, the GameEnhancer -with modi- 
fied softwarc can display a "count- 
down" and trigger a 5 -volt relay to 
launch a model rocket (while a 

science -fiction movie theme is 

played, of course!). With the serial 

PC data interface, the A/D con- 
verter, and unused pins on the 
microcontroller, the GameEnhancer 
can log data for science projects 
or home -control applications. Those 

examples are beyond the scope of 
this article -but not beyond the 

scope of an inquisitive mind! 
The software comes with several 

useful tools and runs under Windows 
95/98/NT. It includes not only the ability 

to download code for the PIC proces- 
sor and values for the EEPROM, but 
also has diagnostics and debugging 
capabilities. These can come in handy 
when you want to modify and test 

changes in the software. 

Basic Operation and Game Playing. 
When you turn on the Game - 
Enhancer, it starts to play a theme 
song stored digitally in the EEPROM. It 

then flashes random displays on the 
LED while waiting for the first contes- 
tant to press the button on a game 
handle. When a button press is 

detected, the theme music stops 

and the winning contestant's num- 
ber is flashed on the display. After 
(hopefully) answering the question 
correctly, the person who pressed 

the game button first presses the but- 
ton again to re -start the theme music, 

and the whole process is repeated. 
I've already mentioned the power 

options for the Game -Enhancer. 
With four AA batteries, about eight 
hours of game play are possible 
before a battery change is neces- 
sary. The microcontroller's analog - 
to- digital converter is combined 
with a voltage- reference chip to 
signal when battery power gets low. 

Notes for the songs to play are pro- 
grammed into the serial EEPROM 

using the software and a spread- 

sheet or word processor to input the 
data. About 41X0 notes can be pro- 
grammed into the 64K -bit serial EEP- 

ROM. Song selection is done by hold- 

ing down any of the game buttons 
while the power is turned on. This puts 

the device in a special setup mode, 
which allows you to repeatedly press 

any button to cycle through and 
select one of 16 different songs. The 

next time the unit is turned on, it will 

play the selected melody. 

Circuit Description. The schematic 
diagram of the GameEnhancer is 

shown in Fig. 1. Please refer to it dur- 

ing the following discussion. 33 
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Fig. 1. The GameEnhancer, built around a 16F873 microcontroller, has many features that can be 
used in projects other than enhancing board games. With new software, the same hardware can do 34 many different tasks, such as triggering a model rocket. 
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The heart of the GameEnhancer 
is IC 1, a PIC 16F873 flash -memory micro- 
controller. This new -generation chip 
sports not only a rich set of periph- 
eral functions, but also an in- circuit 
programming ability. 

Grounding pin 24 of ICI with JP1 

puts IC1 into its in- circuit program- 
ming state. Unlike other flash -mem- 
ory microcontrollers in the PIC line, 
this part can be programmed using 
standard 5 -volt supply voltages. 
Other processors (such as the 16F84) 
require 13 volts for programming, 
resulting in a more complex circuit. 

An RS-232 serial interface provides for 
that in-circuit- programming capability 
as well as data communications with a 
PC and diagnostics of hardware and 
software. Low cost, simplicity, and avail - 
abil'Ity were the deciding factors in 

choosing that protocol. 
A MAX232 (IC4) translates the 

voltage levels between RS -232 and 
the digital logic within the Game- 
Enhancer. That chip can handle four 
lines; we need five for the program- 
ming- control feature. For the fifth 
line, a simple diode and resistor cir- 
cuit (R16, R17, R18, D4, and D5) 
translates the RS -232 voltages into 
a range of -0.7 volts to Vcc -0.7 volts. 
Using discrete components for a sin- 
gle input line was cheaper than an 
additional multi -line converter chip. 
Resistors R16 and R18 prevent short 
circuits in case the diodes are acci- 
dentally inserted backwards. 

To clarify the relation between the RS- 

232 circuit and its use in PIC program- 
ming, let's look at the relevant compo- 
nents shown in Fig. 2. The RTS line clocks 
data on the DTR line into IC6, a serial-to- 
parallel shift register. The outputs of IC6 
control ICI's reset, program, and run 
modes. The levels of the PGM (pin 24) 
and the nMCLR (pin 1) lines set those 
modes. 

To program, pin 24 of ICI must be 
held high. Note that jumper JP1 can 
be set to force pin 24 low and discon- 
nect pin 13 of IC6 from ICI; that "write 
protects" the PIC chip from accidental 
writing to its program memory. 

Let's look at an example of how 
the circuit behaves. To put the PIC 
into "program" mode, the string of 
digits 10000000 is cycled into IC6 
from the serial port (J1) using the 
RTS and DTR signals. The first shift 
puts the "one" bit into serial- register 

38 line "A ". That immediately resets IC1. 
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Fig. 2. This detail shows the P /C- programming portion of the GameEnhancer. 

Over the next several clock pulses, 
zero bits are shifted into IC6; the 
one bit moves down the line. Each 
zero bit that enters IC6 lets ICI run. 
When the one bit finally reaches 
the last serial register, "H," the PIC 
enters its programming mode. 

You might wonder why the reset 
control is inverted by Ql. Keep in 
mind that this circuit must also work 
properly with no serial interface 
connected. To do that, R15 and 
C16 create a reset pulse during 
power up so IC6 contains zeros. A 
zero is fine for ICI's program pin, 
but will hold the PIC in a continual 
reset condition. Inverting the zero 
to a one solves that situation. More 
importantly, that start condition 
must be done before ICI com- 
pletes its own startup sequence. 

A "loop- back" test is also built into 
the circuit. Note that pin 13 of IC6 is 

connected to the CTS line on Jl. Any 
data from the serial interface is 

clocked back to the CTS line eight 
clocks later. Sending a pattern of ones 
and zeros is a quick and easy way for 
the host software on the other side of 
the RS -232 interface to see if the con- 
trol circuit is working properly. 

Once IC1 is in its programming 
mode, the data to be stored must 
be entered. That is done with three 
additional serial lines. The DTR sig- 

nal presents each data bit to be 
stored, and the TX signal clocks it in. 
To verify that the bit is properly stored, 
the D( line clocks out each bit, which 
is made available on the CD line. 
The DTR line is held high to act as a 
pull -up voltage in conjunction with R5. 

Song notes and configuration 
information is stored in IC2, a 64K 
serial EEPROM. With the note for- 
mat chosen for this design, the 
GameEnhancer can store just over 
4000 notes. Pull -up resistors R11 and 
R12 and address -encoding resistor 
R7 are necessary to support the 
"inter -IC" protocol -or 12C- devel- 
oped by Philips. The advantage of 
using 12C is future expandability. It is 

feasible, for example, to add 12C 

parts such as temperature sensors, 
voice recorder /playback chips, 
USB- interface circuits, or additional 
memory by connecting them to TP1 

and TP2. All that is necessary for the 
hardware interface is that a differ- 
ent address is set with pull -up resis- 
tors for each peripheral chip. Of 
course, the software controlling ICI 
would have to be modified to take 
advantage of the new hardware. 

Up to four players can use the 
GameEnhancer. Each player con- 
trols one of the switches, S1 -S4. Those 
momentary-contact switches are con- 
nected to ICI. Internal pull -up resis- 
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Fig. 3. The GanieEnhancer software has many features, from normal operation and setup to debug- 

ging and executing special commands from a PC. 

tors within the PIC provide a valid 
logic level when the switches are open. 

Songs played by the Game - 
Enhancer are squarewaves gener- 
ated by IC I's software. Those square- 

waves appear on pin 4 and are 
attenuated by volume control R23. 

This signal is then amplified by 103, 
an LM386. The LM386 is a popular 
audio -amplifier chip that drives 

SPKR1, a miniature 0.4 -watt speak- 
er. The components in the audio - 
amplifier circuit set the gain level to 
prevent unwanted feedback from 
the output back to the input. Capacitor 39 



C4 AC couples the speaker to the 
amplifier. 

The LED display, IMP 1, presents three 
things: a flashing pattern while the 
background song is playing, the win- 
ning contestant number, and a low - 
power indication as needed. Display 
current is limited by R24. A serial- to-par- 
allel shift register (IC5) reduces the num- 
ber of PIC output lines that are needed 
to drive DISP1 from eight to Iwo. One 
line clocks data on the other line into 
ICS, and the data pattern sets which 
segments light. 

Power can be supplied from 
either B1 (a set of four AA batteries) 
or from an external DC power sup- 
ply connected to J2. The external 
voltage source is regulated by IC7, 
an LM317T voltage regulator. Pro- 
tection diodes D1 and D2 prevent 
regulated DC from going into the 
batteries. Bypass capacitors help 
to eliminate switching noise on the 
power -supply rails. Capacitor C13 
is especially critical to dampen the 
switching -power -supply oscillations 
generated by IC4. 

The power supply voltage level is 

monitored by IC1. The 16F873's ana- 
log-to- digital converter samples the 
supply voltage, comparing it against 
a reference voltage supplied by IC8. 
If the power supply voltage falls 
below 3.7 volts, DISP1 will blink "L" fol- 
lowed by "O" while playing music. 

A handy feature built into the 
GameEnhancer circuit is that LED1 

and R19 form a very simple digital - 
logic probe, although not used for 
normal operation. With a length of 
wire connected to TP3 as a probe, 
LED 1 will light up when several volts 
are detected on the wire. 

Future expandability was an 
important design objective for this 
kit. Beyond the various input and 
output circuits already described, 
there are six unused I/O pins that 
have been brought out to connec- 
tion points labeled "A" through "F." 
While they are not used with the 
GameEnhancer, you can write spe- 
cial software that uses those pins 
for whatever you want. 

One additional capability built 
into the GameEnhancer's hardware, 
though not used in this device, is 

Q2. That transistor can be used to 
control a 5 -volt relay; again, with 
special PIC software that you must 

40 write if you want to use that fea- 

ture. Diode D3 prevents any induc- 
tive "kickback" from the relay's coil 
from damaging the GameEnhancer's 
circuitry when the relay is turned 
off. Note that if you are contem- 
plating connecting this optional 
relay to high voltages or currents, 
please be very careful to follow 
good safety precautions and design 
techniques. 

Software. The GameEnhancer's PIC 
software contains several major 
sections. Figure 3 shows the basic 
flow chart of how the various sec- 
tions fit together. A full description 
could fill the entire magazine, so 
we'll only touch on the highlights. 
For details, study the commented 
source code. 

We'll start with initialization. That 
code executes whenever power is 

applied to the GameEnhancer 
and configures items like the pro- 
cessor's peripheral functions, con- 
trol register and variable values, 
and the external circuits such as 
the I2C system and the RS -232 interface. 

If a button is held down during 
initialization, the program branches 
to the song -selection section. The 
current song is displayed. Each time 
any button is pressed, the next song 
number is displayed. That number 
becomes the selected song and is 

stored in IC2. Note that to exit, 
power must be cycled. 

After initialization, IC1 enters the 
main loop. This loop exits under one 
of three conditions: 

Power is removed 
The serial port sends a diagnos- 
tic command 
The song contains a special 
diagnostic value 

Each time IC1 goes through the 
loop, the buttons are checked. If 

any are pressed, the button -han- 
dling routine stores that button num- 
ber. The internal timers (used for 
song playback) are disabled. The 
winning button number is flashed 
several times accompanied by a 
couple of beeps. Once the button 
is released, the system waits for that 
button to be pressed again. When 
it is, the main loop is re- entered. 

A "tie- breaker" algorithm is used 
to select the winner if more than 
one button was pressed: A semi- 

random number chooses among 
the pressed button numbers. Note 
that special switch de- bouncing 
algorithms are not used. Bouncing 
switch contacts seem to work as an 
effective random tiebreaker for 
switches that are pressed within a 
few milliseconds of each other. 

If a command is available on the 
serial line, the loop exits to a special 
diagnosticscommand routine. What- 
ever value is in the serial register is 

treated as a command and is pro- 
cessed accordingly. The PIC can 
return serial information to the host 
PC through the serial line as well. 
Once the diagnostic mode is entered, 
power must be cycled to exit. 

The flashing display uses a desig- 
nated bit in IC 1 's memory. If that bit 
is set, it's time to change the dis- 
play. That bit, called a flag in "soft- 
ware- speak," is controlled by a soft- 
ware routine associated with 101's 
internal countdown timers; we'll dis- 
cuss that aspect of the program later. 

A loop- counter variable chooses 
which segment flashes next. The selec- 
tion ads like a "pseudo-random" num- 
ber selector -DISP1 only looks like it 
is randomly flashing. There is also a 
flag for the low- voltage display. 

A check is made to see if the cur- 
rent note has reached the end of 
its designated playing period. Like 
the flag discussed in the display 
routine, the same timer controls 
another flag for note duration. If 
the flag is set, then the oscillator 
must be stopped, the next note 
must be retrieved from IC2, and the 
timers set to play the new note's 
pitch and duration. The oscillator is 

then restarted with the new note 
period loaded into the appropriate 
hardware timer. 

As a last step before repeating 
the loop, the A/D section of IC1 
checks the battery voltage by con- 
verting the voltage on pin 5. The 
A/D converter provides an output 
between 0 and 255 based on the 
voltage at the A/D input. Since the 
A/D uses ground and ICI's supply 
voltage as references and IC8 fixes 
the input voltage at 2.5 volts, the 
converted value has an inverse -lin- 
ear relationship to the supply volt- 
age; as the supply voltage drops, 
the A/D value rises. If the A/D con- 
verter reads 128, then the voltage 
present is 128/255 of the supply 
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Fig. 4. This foil pattern for the component side of a double -sided PC board reduces wiring error, 
when building the GameEnhancee 

voltage. Determining the actual 
voltage is a matter of applying the 
linear algorithm in reverse: dividing 
255 by the number read and multi- 
plying it by 2.5. For example, if the 
A/D readout is 145, then 255/146 x 
2 represents a measured supply 
voltage of 4.4 volts. When the cal- 
culated voltage falls below a set 
threshold, the algorithm will cause 
the LED to signal the low -power 
condition. 

Interrupts. The GameEnhancer uses 
two hardware timers within IC 1 to 
control time -sensitive functions: 
playing music and flashing the dis- 
play. Each timer has a signal to tell 
the central -processing unit (CPU) 
to stop what it's doing and run spe- 
cial code. When that special code, 
called an interrupt routine, com- 
pletes, the values in the CPU's reg- 
isters are restored to their original 
values before the timer interrupted 
the CPU. The original program then 
continues execution as if nothing 
happened. 

One of the timers, designated nMERO, 

interrupts program execution every 
7.8 mS. This timer handles duration 
of the display flashes and note 
duration. Two special memory 
locations keep track of how many 
times TIMERO interrupts the CPU. One 
of those locations is associated 
with the display and the other with 
the musical note. One at a time, the 
values of the memory locations are 
decremented by one. If either reach- 
es zero, the interrupt routine sets 

the appropriate flag to signal when 
it is time to change the display or 
play the next note in the song. 

The other timer, TIMER I , takes care 
of generating the actual note 
pitch. Fast response and precision 
are important to this routine for 
audio quality. Each time the timer 
triggers an interrupt, the service 
routine toggles the audio -output pin. 
The initial time value (stored in a 
special memory location) is reloaded 
into TIMER1's countdown register. 
That way, precise squarewaves are 
generated for the song. 

Storing and Playing Songs. As we've 
said before, TIMERI counts the delay 
for each cycle of a note's pitch. 
One way to store the notes would 
be to simply store the values that 
need to be loaded into Timm I. 
Since TIMER1 needs a 16 -bit value, 
that is not as efficient as it could be 
in terms of storage space. Also, it 

would take a great amount of cal- 
culation to find the actual frequen- 
cies and associated timer values. 

There is a better way, and the 
GameEnhancer uses it: a look -up 
table that stores the pre- calculat- 
ed timer values. If, for example, we 
want to play the sixth note, we sim- 
ply count 12 bytes (two bytes for 
each note) from the beginning of 
the table and load the next two 
numbers into timer 1. A standard 
piano keyboard has 88 notes, so it 
is very easy to create a table for, 
say, 73 notes -from C two octaves 
below Middle C to C four octaves 

above Middle C. The notes can be 
stored as single bytes. 

Playing the right pitch is only half 
of the story; length is the other. 
Again, we've discussed how TIMERO 

does that, but what are the "magic 
values ?" The time -out value of 7.81 

mS plus software overhead can 
play a maximum of about 60 notes 
per second; the rest should be sim- 
ple math. For example, if our song - 
say, any Sousa march -is 120 beats 
per minute, a quarter note is 500 
mS ('V2 second), or 64 "ticks" of the 
timer (7.81 x 64 = 499.84). 

With that method, the longest 
note would be 7.81 x 255, or about 
1.9 seconds. What if we want a 
longer note? 

Longer notes need a modifica- 
tion to the duration scheme; they 
don't need as much resolution. 
Counts from 128 through 255 in- 
crease the base time period to 100 

mS. The number 128 is subtracted 
from the count number, and the 
result becomes the number of 100 - 

mS counts in the duration. For 
example, a count number of 129 

becomes (129 -128) x 100 mS as a 
duration. A count number of 145 

results in a duration of (145 -128) x 
100 mS, or 1.7 seconds. With this 
scheme, a note duration can 
range from 100 mS to 12.7 seconds. 

Using the notation scheme for 
notes just described enables slightly 
over 4000 notes to be stored in IC2's 
8K capacity. A simple qut game song 
such as the 32- measure theme from 
"JeopardyTM" uses about 260 notes 
including rests and the repeat at the 
end. Thus, about 520 bytes out of the 
8K bytes are required. 

To round out our discussion on 
musical notation as it applies to the 
GameEnhancer are some special 
"codes" that can be embedded in 

the song. The value "0" for the note 
pitch represents a rest; the oscilla- 
tor is turned off for the duration of 
the note period. The entry value 120 

followed by a zero or a one indi- 
cates that the song should be 
repeated. The note value 127 indi- 
cates that the song should stop. 
The oscillator is turned off, and the 
diagnostics loop is entered. 

The "120" code is useful when de- 
bugging songs. By specifying a sec- 
ond value between 2 and 4096, 
you can jump to any note in the 41 



song just like a "goto" statement. 
The target note is relative to the 
beginning of the song. For exam- 
ple, the entry "120 200" would go 
to the 200th note of the song. Note 
that if the number is greater than 
the number of notes in the song, 
the jump goes to the last note of 
the song. 

See the sidebar for an alterna- 
tive music -notation format. 

Construction. The GameEnhancer 
can be built on a perfboard using 
standard construction techniques. 
However, the use of a printed -cir- 
curt board is recommended; reduced 
wiring errors and greater stability of 
high- frequency signals are the advan- 
tages. Foil patterns are shown in 
Figs. 4 and 5 for the component 
and solder sides, respectively. Due 
to the complexity of etching a dou- 
ble -sided board, you might want to 
consider purchasing a pre- etched 
board from the source given in the 
Parts List. If you do etch your own 
board, note that the foil patterns 
yield a board that has no need to 
solder component leads on the top 
side of the board -with one excep- 
tion. Of course, you will need to make 
connections at all places where 
the circuit path jumps from one 
side to the other. 

If you are using a board from the 
source given in the Parts List or one 
etched from the foil patterns, fol- 
low the parts -placement diagram 
shown in Fig. 6 in locating the vari- 
ous components. Start by mount- 
ing the IC sockets; IC1 requires a 
socket. It is strongly recommended 
that you use a socket for IC2 as well. 
The other integrated circuits don't 
need sockets, but their use makes 
replacing damaged or faulty com- 
ponents a snap. 

In general, start with smaller com- 
ponents and work your way up to the 
larger devices. Resistors and capaci- 
tors should be mounted before the 
semiconductors. Following that order 
exposes the active devices to the 
least amount of soldering heat and 
possible electrostatic discharge due 
to handling during construction. Note 
that the resistors tend to be mounted 
vertically as a space - saving technique. 

Some of the capacitors and all 
of the semiconductors are polar - 

42 ized; double -check their orientation 

Fig. 5. Here's the foil pattern for the solder side of the GameEnhancer.. Note that the board was 
designed so that soldering components on the component side is not required: only the via holes 
carry signals between the two sides. 

before soldering them. If you install 
a part backwards, you might ruin it 
as well as the rest of the board 
when power is first applied. Integrated 
circuits tend to die in an instant when 
exposed to the wrong voltages; 
capacitors like to explode and burst 
into flames! 

You can mount J1 directly to the 
board or make a remote connec- 
tion to a panel- mounted connec- 
tor with a series of insulated wires. 

Finally, DISP1 is mounted on the 
solder side of the board -the one 
exception that we mentioned ear- 
lier. Check the polarity and seating 
of the component before you sol- 
der-it is very difficult to remove. 

For initial tests, you need to con- 
nect J1, J2, BI , R23, SPKR 1, and S5 

to the PC board. When everything 
is ready for the "smoke test," look 
over your work for any "dumb" errors 
such as missing or incorrect com- 
ponents, solder splashes, cold or 
unsoldered joints, and the like. It's 
usually a good idea to set the unit 
aside and come back to it the next 
day when your mind is fresh and 
alert. 

One final step before testing - 
remove IC 1 if you inserted it into its 

socket. We'll be using a PC to test 
the board. 

Programming and Testing. To ini- 
tially program and test the Game - 
Enhancer, download the special 
software from the Gernsback FTP 

site; it can be found at ftp.gerns 

back.com/pub/pop/game_enhan 
cer.zip. Functions include diagnos- 
tic tests of the GameEnhancer, pro- 
gramming IC 1, storing data in IO2, 
and song entry. The application 
software requires one of the 32 -bit 
Microsoft Windows operating sys- 
tems (95, 98, or NT). 

Check your work one more time 
for any mistakes. Be sure that the 
socket for IC1 is empty. If you have 
an ohmmeter, check for connec- 
tivity between J2 and the input pin 
of 107. Make sure that the battery 
holder is properly connected as 
well. There shouldn't be a direct 
short between the power and 
ground traces on the board. If 
everything passes muster, connect 
J2 to a 9 -12 -volt DC power supply; 
you can also use batteries if you so 
choose. 

Close S5 by turning R23. Connect 
J1 to the serial connector on the 
back of a PC using suitable cable. 
Install and start the downloaded 
software. You will be instructed to 
follow a diagnostic turn -on proce- 
dure. This includes connecting each 
peripheral chip (serial section, audio 
amplifier, LED display, EEPROM, 
switch connections, etc.) to the ser- 
ial lines to check out that the sec- 
tions are working. Connections are 
made using two wire -wrap jumpers 
that you hook from pins 27 and 28 
of IC 1 's socket to various other pins. 
The PC software will toggle signals 
on these lines that will enable 
checkout of each section. 
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Fig. 6. Use this pans placement diagram when building the GameEnhancer. All resistors are mount- 

ed vertically to save "real- estate" space on the PC board. 

Once the diagnostics checkout 
is completed, power down the 
GameEnhancer. Insert ICI into its 

socket and reapply power. Make 
sure that JP1 is in its "program" posi- 
tion; pin 24 of IC 1 should be con- 
nected to pin 13 of IC6. If pin 24 is 

grounded, IC1 can't be programmed. 
The next step tests IC 1. If the 

microcontroller tests good, you are 
ready to program IC 1 with a selec- 
table object -code file. Obviously, 
you'll want to select the Game - 
Enhancer's software. A programming 
technique that Microchip recently 
introduced -which is implemented 
here -helps speed up reprogram- 
ming a PIC during program devel- 
opment if you are modifying the 
GameEnhancer software. Each mem- 
ory location is read prior to writing a 
value. If the value read is already 
correct, that location is skipped. 
When making many changes, this 
speedup is very handy, especially if 
only a few bytes need to be changed. 

The final step is to download the 
song information into 102. You sim- 
ply select an ASCII text file that has 
the proper codes; the software 
handles the rest. 

With the GameEnhancer tested 
and programmed, you should now 
hear the song play and see DISP1 

flash. If you don't, you might need 
to verify that you have sent the cor- 
rect files to the unit. 

Final Assembly. Now that the cir- 
cuit board is working properly, we 
need a case to hold the unit. Any 
suitable size plastic case will do; it 
should be as wide and long as the 
PC board and thick enough for the 
battery holder. 

Several holes are needed for 
mounting the controls and external 
components. Mark the locations 
with a center punch; that will keep 
the drill from wandering during the 
drilling operation. Drill holes for R23 

and J2 -J6. You can choose any 
location you want. The author's pro- 
totype uses the edges of the case 
for those items. 

A square hole is needed on the 
front panel for DISPI; measure the 
PC board for location. Drill several 
small holes at each corner and 
along the edges. Punch out the 
plastic and file the edges smooth. 
You could also use a rotary cutter if 

you have access to one. If you do, 
run the tool slowly so the case plas- 
tic doesn't melt. Whatever method 
you choose, cut the hole too small 
and enlarge it bit by bit, test -fitting 
the PC board after each cut. 

Holes are also needed for the 
speaker. Mount the speaker to the 
solder side of the PC board with 
double -sided tape, foam tape, or 
epoxy. A good location is next to 
DISPI . Whatever method you choose 
should not short any metal parts of 
the speaker to the traces on the PC 
board. Measure the speaker's loca- 
tion and mark the case. Drill a hole 
pattern of your own choice within 
the marked area of the case. A 
pattern of concentric circles is a 
pleasing combination; you can see 
that in Fig. 7. 

Connect the various compo- 
nents to the PC board with suitable 
lengths of insulated wire. Fit the PC 
board into the case, securing it with 
double -sided foam tape; screws, 
spacers, and nuts; or any method 
of your choosing. You can leave it 
free -floating if the battery holder 
presses against it when the case is 

closed. Any components wired to 
the PC board from the test should 
now be mounted to the case. The 
GameEnhancer should now look 
like the unit depicted in Fig. 8. 

Before closing the case, turn on 
the GameEnhancer and short the 
connections from J3 -J6 one at a 
time. The correct number should be 
displayed on DISPI . Shòrting the con- 



PARTS LIST FOR THE GAMEENHANCER 

SEMICONDUCTORS 
IC 1- 16F873 PIC microcontroller, 

integrated circuit 
IC2 -24C65 serial EEPROM, integrated 

circuit 
IC3- LM386 -N1 audio amplifier, 

integrated circuit 
IC4- MAX232 -CPE RS -232 transceiver, 

integrated circuit 
IC5, IC6 -74HC 164 serial -to- parallel 

shift register, integrated circuit 
IC7- LM317T three -terminal adjustable 

voltage regulator, TO -220 case, 
integrated circuit 

IC8- LM385Z 2.5 -volt reference, 
integrated circuit 

Q1, Q2- 2N3904 NPN silicon transistor 
DISP1- DUR13C seven -segment light - 

emitting diode display, common 
cathode 

LEDI- Light -emitting diode, any color 
D1, D2- 1N4001 silicon rectifier diode 
D3- 1N4004 silicon rectifier diode 
D4, D5 -1N914 (or 1N4148) silicon 

signal diode 

RESISTORS 
(All resistors are /a -watt, 5% units unless 

otherwise noted.) 
RI R3, R7, R10 R16, R18 -1000 -ohm 
R4-470-ohm 
R5, R6, R19 R22 -2200 -ohm 
R8- 100,000 -ohm 
R9- 270 -ohm 
R17-10,000-ohm 
R23 -10,000 -ohm potentiometer, audio 

taper, panel -mount with integral 
on -off switch 

R24 -1000 -ohm, 8- element resistor 
network 

CAPACITORS 
Cl, C2- 22 -pF, NPO ceramic -disc 
C3, C5, C9 C12 -1 -µF, 25 -WVDC, 

tantalum electrolytic 
C4--47 µF, 16 -WVDC, electrolytic 
C6, C13, C16- 10 -µF, 16 -WVDC, 

tantalum electrolytic 
C7, C8, C14, C15- 0.01 -µF, ceramic - 

disc 

ADDITIONAL PARTS 
AND MATERIALS 
B1-6-volt battery (4 AA or equivelant) 
J1-DB -9 female connector, PC mount 
J2- 2.1 -mm male power jack, panel 

mount 
J3 J6-RCA -style jack, panel -mount 
JPI -Three -pin header with jumper 

block 
PI N-RCA -style plug, inline 
S1 S'1 Single -pole, single- throw, 

normally open momentary- contact 
pushbutton switch 

S5- Single -pole, single -throw switch 
(part of R23) 

SPKR1 -8 -ohm miniature flat speaker, 
0.4 -watt 

XTAL1 -20 -MHz parallel -cut crystal, 
low profile 

Knob for R23, case, battery holder for 
four AA cells, optional 9 -12 -volt DC 
wall- mounted power supply, % -inch 
PVC pipe and cap, IC sockets, wire, 
hardware, etc. 

Note: The following items are available 
from: QuestKit, 3124 Appaloosa Ct., 
Ft. Collins, CO 80526; 970 -206 -1292; 
www.questkit.com: Complete kit of 
electronic parts, switches, sockets, PC 
board, pre -drilled case, handle assem- 
blies with precut holes, handle wire, 
CD with software, and detailed 
assembly instructions, $74.95 plus 
$7.50 for standard ground 
shipping/handling; partial kit of all 
above -listed items minus case, handle 
assemblies, connectors, and hookup 
wire, $59.95 plus $5 for standard 
ground shipping/handling; printed -cir- 
cuit board, pre -programmed ICI, and 
IC2, $29.95 plus $4 for standard 
ground shipping/handling; comment- 
ed source code and software license 
for PC interface and high -level algo- 
rithms, $19.95 plus $3 for standard 
ground shipping/handling. CO resi- 
dents please add 3% sales tax. 
MasterCard, Visa, personal checks, or 
money orders accepted. 

nector a second time should restart 
the music. Finally, you can screw 
the cover in place. If you have a 
large case, you might need to put 
in some non -conductive foam 
material on top of the battery hold- 
ers to keep everything in place. 

Game Handles. The four game han - 
44 dies (see Fig. 9) are constructed using 

six -inch lengths of 'h-inch PVC pipe 
and end caps. Drill a hole in the cen- 
ter of each end cap for S1 -S4. You 
may want to use a vise and a towel 
to hold each end cap in place for 
drilling. Note that you might need to 
remove some plastic from within the 
end cap to get the switch to tighten 
properly. That can be done carefully 
with a knife or a rotary tool. 

Fig. 7. Several holes need to be located and 
drilled for mounting the external components of 
the GameEnhancer. Note the rectangular hole 
for DISPI and the "speaker- grille" hole pat- 
tern. 

If you want to paint the handles, 
now is the time. A semi -gloss spray 
paint works well. Black or blue paint 
matches most available plastic enclo- 
sures, as well as looking good. You 
can either leave the end caps white 
or spray paint them also. 

Solder a ten -foot length of two - 
conductor lamp cord to each switch; 
black wire looks better. If available, 
shrink a piece of head -shrink tubing 
around each solder connection. 
Mount a switch in each end cap, 
thread the wire through one of the 
tubes, and cement the end cap to 
the tube using PVC pipe cement. 

Solder the other end of the wire 
to P1 -P4. Again, a piece of shrink 
tube around each connection is a 
good idea. 

It is helpful to label the plugs and 
handles with an identical number 
(1, 2, 3, and 4). You can use rub -on 
transfer numbers, plastic -model 
decals, or clear envelope labels and 
a printer or marker pen to make 
those labels. 

The completed and tested Game- 

Fig. 8. With all of the components installed and 
wired, the GameEnhancer's case is ready to be 

closed. 



Fig. 9. Each game handle is a length of PVC 
pipe with a momentary- contact pushbutton 
mounted on an end cap. Painting the handles an 
appropriate color gives the GameEnhancer a 
slick look. 

Enhancer is shown in Fig. 10. 

Whig the Game Enhancer. Any games 
that require taking turns to respond 
are candidates for the Game - 
Enhancer. Games in the TV quiz - 
show format are naturals -you can 
play them just like the television ver- 
sions. "JeopardyTM" is a natural fit - 
and is made more exciting by fol- 
lowing the rules used in the TV quiz 
form of the game. 

With a little thought, other games 
can be modified to take advan- 
tage of the GameEnhancer's proper- 
ties. For example, with Trivial PursuitTM, 

the first person to "buzz in" and 
answer the question could be the 
one able to move a piece and 
select the category for the next 
question. 

A list of public- domain songs is 

provided at www.questkit.com. You 

can augment that list with stan- 
dard theme songs appropriate to 
the game you are playing. You can 
obtain music for many TV quiz 
games at a local sheet -music store. 
Use either a spreadsheet program 
or a word processor program to fill 

in a table of note values that you 

Fig. 10. The completed GameEnhancer is ready 
to liven up your next hot session of Trivial 
PursuitTM! 

SONG FORMATS 

There are two possible file formats used for 
encoding the songs. One type is discussed 
in the section "Storing and Playing Songs." 
While it matches the GameEnhancer's 
internal- storage format and gives much 
more flexibility and control over the musical 
rendition, it is more tedious to convert from 
sheet music. The alternative format dis- 
cussed here is simpler and is closely relat- 
ed to music notation. It is translated into 
the second format by the PC host software 
when downloading a song to the Game - 
sEnhancer. Any formatting errors are 
reported prior to downloading. 

The alternative format starts with a single 
number on the first line representing the 
tempo in quarter notes per minute and 
ranges from 40 to 210. Each subsequent 
line is one note value and duration. The 
note values are represented as capital let- 
ters. These consist of the letters C, D, E, F, 

G, A, and B for the names of the musical 
notes, and R to represent a rest. Sharps 
and flats -the black keys on a piano -are 
added after the note value as a " #" sign or 
as a lower -case "b." Putting one, two, or 
three minus signs in front of the note low- 
ers the octave by one, two, or three 
octaves below middle C. Putting one, two, 
three, or four plus signs in front of the note 
raises the octave by one, two, or three 
octaves above middle C. For example, to 
indicate C# two octaves below middle C; 
the notation would be 

- - C# 

Spaces or tabs are permitted between any 
of the characters. 

The duration is placed on the same line 
after the note value and modifiers. There 
are a lumber of different note lengths 
encountered in written music. These 
include whole notes up to 128th notes, dot- 
ted notes, and tie notes. In our notation 
system, whole notes are represented by 
the number "1," half notes by the number 
"2," quarter notes by "4," and so on up to 
128th notes represented by the number 
128. Incidentally, 128th notes use up stor- 
age space very quickly with only a 4000 - 
note capacity; fortunately, they aren't used 
very often!. 

Up to 3 periods can be added after each 
note to -epresent the dotted notation used 
in written musical notation. Each period will 
lengthen the note by half its value. For 
example, the representation 

C 4.. 

will play middle C for a duration of '4 + + 

or A note. Adding additional length num- 
bers on the same line makes tie notes. For 
example, two tied middle -C '/, notes would 
be represented as "C 44." Lastly, triplet 
eighth notes are indicated by the number 
"3." 

To make a song sound more realistic and 

musical, it is necessary that you add very 
short rests between phrases and after tie 
notes. In addition, the duration of notes at 
the end of phrases and tie notes needs to 

be shortened just slightly. Musicians do this 
naturally; it's called "phrasing." To make 
this easy to encode, add the letter "p" (for 
"phrasing ") after any note that needs this 
adjustment. That note will be played with a 

shorter duration followed by a very brief 
pause. Another timing mark is the staccato 
notation (dot under the note). Add the letter 
"s" after the timing value to adjust for stac- 
cato. 

There are two notations used to direct 
which note is played next. No special nota- 
tion means play the next note in the 
sequence. At the end of each song, the let- 
ter "R" is placed to indicate that the song 
should repeat. On any line, the letter "S" 

followed by the note number (counted from 
the beginning of the song) causes a jump 
to that note number in the song. This is 

very helpful when first debugging a song. 
Placing the repeat mark at various places 
can help focus debugging efforts. 

As an example, here is the first bar of "Pop 
Goes the Weasel" (from an unknown 18th - 

Century English composer). 

60 
C4 
F 4p 
F4 
G 4p 
G4 
A4 
C4 
A 4p 
F 4p 
C4 
F 4p 
F4 
G 4p 
Bb 4 
G 4. 
F 4.p 
R 

can then download to the unit as 
described elsewhere in this article. 

Remember: The player whose 
button was detected is the one 
who must clear the GameEnhancer 
once DISP1 stops blinking. This is 

accomplished by pressing the but- 
ton once. 

The GameEnhancer is a fun 
addition to most board games, help- 
ing to identify the quick and the clever. 

Is that your final answer? P 45 
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CONDUCTED BY MICHAEL A. COVINGTON, N4TMI 

What A Long, Strange Trip 

It's Been 
Dear Readers: 
This ú the last Q&A column that I will 
write for Poptronics, although I'll proba- 
bly help with portions of future columns and 
will certainly continue to write articles. I've 
had great fun writing Q&A since 1995, and 
I will miss you. 

Writing Q&A is a part -time job; I work 
full -time as a research scientist at the 
University of Georgia's Artificial Intelligence 
Center. My specialty is computer modeling of 
human thought and language. This has sud- 
denly become a hot area, with lots of indus- 
try interest, lots of eager students, and more 
consulting clients than I can handle. Recent 
research projects include a Web page that 
answers user questions asked in plain 
English, new techniques for encoding the 
logic of microcontroller programs, and a 
talking oscilloscope. Regrettably, I have only 
one life to live, so I must drop some activities 
in order to pursue others. 

You're all invited to come visit me at my 
University Web page, www.aiuga.edu/-mc. 
I'll never forget my roots as an electronic 
hobbyist; writing Q&A for these five years 
was a very satisfying way to give something 
back to the hobbyist community. To my ham 
radio friends in particular: TNX ES TAY 

73! Michael A. Covington, Ph.D., 
N4TMI 

Building A Test Bench 
QI'm building a portable test bench and 
have three questions. 
First, I want to build a digital voltmeter 

with an Intersil ICL7139 IC. How can I 
make this chip drive 7- segment LEDs 
instead of the LCD displays for which it was 
designed? 

Second, I need positive and negative 5- 
volt supplies. If I were using batteries, I 
could connect two of them in series and 
ground the middle point in order to get +5 
and -5 volts. Can this be done with two lin- 
ear 5 -volt supplies? When can and can't you 
do this? 

Third, I've read about being able to 

print meter faces on label sheets with an HP 
graphics printer. I have some old meters that 
I can take apart and measure the angles and 
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Fig. 1. When building this simple split 5 -volt power supply, note that the voltage regulators have dif- 
ferent pinouts (as shown in inset). If high current is not needed, T1 can be a RadioShack 273 -1265; 
Cl and C2, 1000 p.F. 

arcs; but how can I print new faces for 
them ? -J. H., Elwood, IN 

AThe ICL 7139 is designed for a spe- 
cific LCD display that is quite hard to 

find (in fact, in ten minutes of searching 
I couldn't find them anywhere). Less 
than $2.50 will buy you an ICL 7107 
digital -voltmeter chip, which is designed 
for LEDs. The chip and suitable displays 
are available from Jameco Electronics, 
1355 Shoreway Road, Belmont, CA 
94002; www jameco.com; data sheets and 
application notes are at www.intersil.com. 
If you decide to go with LCDs after all, 
Jameco has both the ICL 7106 and an 
LCD display that works with it. Bear in 
mind also that you can buy a complete 
digital -panel meter for about $15. 

Can you connect power supply out- 
puts in series like batteries? Only if there 
is no DC connection between the power 
supplies anywhere else. They can still be 
driven from the same AC line through 
separate power transformers, but no 
parts of their DC circuitry can be 
grounded or connected together, except 
for the one connection that you are 
making. Look especially for hidden con- 
nections to power -line ground. It's gen- 
erally better to build a split power supply 
like that shown in Fig. 1, which is good 

for at least 0.5 amp with proper 
heatsinks; see also Radio Shack's book, 
Building Power Supplies. 

Finally, making meter faces is no 
trick; you can do it with any computer - 
graphics program -such as Micrografx 
Draw, Corel Draw, or Adobe Illustrator - 
and any printer that prints graphics. 
With care, you can even make meter 
faces with the Paint program that is 
included in Microsoft Windows. Just 
draw it, print it, and stick it on. Instead 
of label stock, I prefer to use plain paper 
and a bit of rubber cement. 

Camera -shutter Tester 
I would like to make a camera -shutter 

11 tester with an LCD to show the exposure 
time. A. D., Athens, Greece 

ASuch a project would be too complex 
for this column, though it would 

make a good construction -project arti- 
cle. All you have to do is measure how 
long the light is shining on a switching 
phototransistor. The old- fashioned way 
to do this is to measure the voltage to 
which a capacitor can charge while the 
phototransistor is conducting. Plans for 
a simple tester of this kind are given in 
the book Camera Maintenance and Repair 



(Vol. 1) by Thomas Tomosy (Amherst 
Media, 1993). 

Several Web sites feature interesting 
shutter -tester circuits. See wurmsmu.edul- 
rmonaghalmf/shutterspeed.html and www. 

geocities.com/Yosemite/2131/shspeed.html. 
The latter site uses your computer's 
sound card to capture the brief pulse and 
measure its length. All the circuits are 
very simple because they use an external 
voltmeter, frequency counter, or com- 
puter as the display device. 

Your Name In Lights 
QI would like to build a sign board on 

which 25 to 35 different names could be 

spelled out in LEDs, and then light each 

name for a few seconds. I'd rather use indi- 
vidual ICs and relays instead of computer 
technology. What is the best way to do 

this? H. F, Thiells, NY 

ASee this column in Electronics Now, 
August 1997, for a diode- matrix cir- 

cuit that enables you to light up the 
same set of LEDs in a different combi- 
nation for each name. 

However, if you don't use computer 
circuitry, what you're building could get 
very complicated. To close a number of 
relays in succession, you might use a 

series of CD4017 decade counters in 
cascade, driven by a 555 oscillator. See 

this column, last month, for a similar 
arrangement to energize five optocou- 
plers in sequence. The CD4017 data 
sheet describes how to cascade chips to 
get more than 10 outputs. 

Origin 0f "Ham" Revisited 
QFurther to your August column, I 
researched the origin of the term "ham 

radio" several years ago and found that in 

the early 1900s, there was a magazine called 

Home Amateur Mechanic that included 
many radio projects. I believe the term 
"ham" was derived from the title of this 

publication. -R. J., Citrus Heights, CA 

An ancient (1940s) radio book that I have 

explains that "ham" stands for Hertz, 
Ampere, and Marconi, three of the greatest 
scientists whose work led to the invention of 
radio. Radio dials are also labeled in Hertz's 
memory (kilohertz, megahertz, etc.). - 
D. S. C., Modesto, CA 

AIn historical research, as in science, 
it's not enough to have a plausible 

theory; you have to test it against the 

evidence and to remember that even an 
old book can be quite mistaken. (I'm 
not sure 1940 counts as "ancient," 
though!) 

The fact is that amateur telegraph 
experimenters were called "hams" well 
before 1900s. The word was short for 
"ham- fisted," i.e., clumsy. Amateur 
actors were also called "hams" well 
before 1900, apparently referring to the 
title of a popular minstrel show. The 
weight of the evidence is that "ham 
radio" is derived from one or the other 
of these. 

I can't verify the existence of Home 

Amateur Mechanic; it's not in the Library 
of Congress online catalog (www.loc.gov). 

There have been publications named 
Home Mechanics, but their initials don't 
spell "ham." 

And the "Hertz, Ampere, Marconi" 
theory is one I've never heard anywhere 
else; the trouble with it is that the term 
"ham" was in use among telegraphers 
before Marconi started his experiments 
in 1895. 

Desperately Seeking 

Transformer 
QI'm writing to you out of desperation. I'm 

trying to fix an old GE stereo, model 

C445g (vintage 1971). The main problem 
is an open primary in the power trans- 
former, whose two secondaries are rated to 

deliver 60 volts AC center -tapped (0.6 A 
rectified DC) and 5.8 volts AC (0.28 A 
AC), respectively. Where can I get such a 
transformer ? - Phillip N. Pfeiffer, 5324 
Kenneth Road, Milton, FL 32583 

AWe're publishing your full name and 
address in case a reader knows where 

to get the exact transformer. What I sug- 
gest, though, is that you contact Signal 
Transformer Company (www.signal 
transformercom); 500 Bayview Avenue, 
Inwood, NY 11096 -1792; 516- 239 -5777 
and ask them to recommend a substi- 
tute, probably two transformers with 
their primaries in parallel. Despite their 
name, this company makes power trans- 
formers, not signal transformers; they're 
very good to work with and the products 
are of high quality. 

Alternatively, you can do some 
scrounging. You can surely use a 6.3 -volt 
transformer in place of the 5.8 -volt 
winding; the 60 -volt center -tapped 
winding is harder to replace, but suitable 

transformers do exist. Yet another 
option is to see if a local electric -motor 
shop can rewind the broken primary- 
or do it yourself. 

Voltage Regulator 

Correction 
QIn your September column, your calcula- 

tions are incorrect. Regulating 35 volts 

down to 12 volts at 0.5 amp, the regulator 
dissipation is (35 -12) x 0.5 = 11.5 watts, 

not 7 watts as you state. -S. M. 
Wartenberg, Philadelphia, PA 

AOops! That's the result of switching 
from one example to another while I 

was doing the final revision. 
Fortunately, 11.5 watts is still within 
the capacity of an LM7805 on a good 
heatsink. 

Another Voltage Regulator 

Correction 
QIn your September column, p. 22, the for- 
mula for RI (the resistor in a Zener 

shunt regulator) seems to be missing the reg- 
ulated voltage. It should be R1 = (min. input 
voltage -reg. voltage) x (max. current + 

0.001). 
In your worked example, RI should be 

24 ohms -or 22, using the nearest standard 
value -and a 22 -ohm resistor could dissi- 

pate as much as 24 watts. -Norman 
Mahler, Wokott, CT 

r' 
Oops, again you're right. This par- 
ticular example got badly mangled as 

I was in the process of revising it. 
Fortunately, the main point stands, 
which is that this particular voltage reg- 
ulator is not practical. 

Need PS /2 Mouse Port 
QThe PS /2 mouse port on my computer's 

motherboard has failed. Does anybody 

make an ISA, EISA, or PCI bus card with 

a PS /2 mouse port on it? For reasons I won't 
go into, I can't use a serial mouse. -B. L., 

Kent, WA 

ASuch a card ought to exist, but we 

haven't been able to find one. The 
obvious difficulty is that the port address 
assigned to the PS /2 mouse is already 
taken up by the hardware on the moth- 
erboard. How about using a USB 
mouse? 47 



Intermittent TV Problem 
Ql work for an electric utility, and we occa- 

sionally find a problem we call "half out." 
One of the two phases from the 240 -volt ser- 
vice to the house is damaged or disconnected. 
Often the connection is loose and intermit- 
tently heals itself. 

When this condition exists, TVs and 
other electric appliances function erratically. 
When the customer takes the appliance to 

the shop, it works perfectly since the line 
voltage at the shop is normal. Perhaps this 
information will help the frustrated repair- 
man who wrote to you from Florida. -Dan 
Okrasinski, Gresham, OR 

AThanks for writing. Indeed, there 
are lots of things that can go wrong 

with house wiring; one that once 
drove me batty was an intermittent 
open connection in a circuit breaker, 
so that the power would cut out for a 
few milliseconds at a time. This looked 
for all the world like RF interference 
or an intermittent fault in all my 
radios. Replacing the circuit breaker 
cured it. 

The moral of the story? Check the 
customer's line voltage and try lending 
the customer a known -good TV for use 
at the same location. 

Port Access From 

Uisi /al Basic 
In the July Q&A, a reader asked about 
port access from Visual Basic. I have 

found " VBASM," a DLL available free 
from SoftCircuits Programming (Salt Lake 
City, Utah), to be extremely useful for this 
sort of access. It can be downloaded from 
wwwsoftcircuits.com and distributed freely. - 
E. A. Grens, Rio Vista, CA 

AThanks! VBASM is one of many 
good programming tools available at 

that site. 

BO -LED Clock 
What I'd like to do is make a round 

Q digital clock (digits in the middle) 
with 60 LEDs around the outside. At 
the start of each minute, the LEDs 
would light up in sequence, one each 
minute, until all 60 would be lit. Then 
they'd all go off, and the sequence would 
repeat. I've seen such clocks in TV news- 
rooms but they are very expensive. - 

48 J. R., Portland, OR 

AIf you'll settle for lighting the 60 
LEDs one at a time, see this column 

in Electronics Now, November 1995, 
pages 8 -9 (reprints are available from 
the Gernsback Reprint Bookstore at 
bookstore @gernsback. com). 

Writing To Q&A 
As always, we welcome your questions. 

The most interesting ones are answered in 
print. Please be sure to: 

(1) include plenty of background infor- 
mation (we'll shorten your letter for publi- 
cation); 

(2) give your full name and address on 
your letter (not just the envelope); 

(3) type your letter if possible, or write 
very neatly; and 

(4) if you are asking about a circuit, 
include a complete diagram. 

Questions can be sent to Q &A, 
Poptronics Magazine, 275 G Marcus 
Blvd., Hauppauge, NY 11788, or e- mailed 
to gba@gernsback.com, but please do not 
expect an immediate reply in these pages 
(because of our backlog) and please don't 
send graphics files larger than 100K Due 
to the volume of mail, we regret that we 
cannot give personal replies. P 

HOW TO GET INFORMATION ABOUT ELECTRONICS 
On the Internet: See our Web site at 
www.gemsback.cnm for information and files 
relating to Poptronics and our former maga- 
zines (Electronics 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 
teurhomebrew. "For sale" messages are per- 
mitted only in rec.radio.swap and misc. 
industry. electronics. marketplace. 

Many electronic component manufac- 
turers have Web pages; see the directory 
at www.hitex.com /chipdir /, or try address- 
es such as www.ti.com and www.motoro 
la.com (substituting any company's name 
or abbreviation as appropriate). Many IC 
data sheets can be viewed online: 
www.questlink.com features IC data 
sheets and gives you the ability to buy 
many of the ICs in small quantities using a 
credit card. You can also get detailed IC 
information from www.icmastercorn, which 
is now free of charge although it formerly 
required a subscription. Extensive informa- 
tion about how to repair consumer elec- 
tronic devices and computers can be 
found at www.repair faq.org 

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

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

Also indispensable is TheARRL Handbook 
for Radio Amateurs, comprising over 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, Popular 
Electronics (post 1995 only) and Poptronics 

are available from our Claggk, Inc., Reprint 
Department, P.O Box 12162, Hauppauge, 
NY 11788; Tel: 631 -592 -6721. 

Poptronics and many other magazines are 
indexed in the Reader's Guide to 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; (800 -428- 7267). 
The free Sams catalog also lists addresses of 
manufacturers and parts dealers. Even if an 
item isn't listed in the catalog, it pays to call 
Sams; they may have a schematic 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, IA 
51502, and Manuals Plus, PO Box 549, 
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 2SD945. 

Hamfests (swap meets) and local orga- 
nizations: These can be located by writing 
to the American Radio Relay League, 
Newington, CT 06111; (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. 



AMAZING SCIENCE 
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The World's "Smartest" Metal 

Who said being backwards is a bad 
thing? Who said that inanimate 

objects can't have a memory? This time 
around we're going to look at a metal 
alloy that not only does things back- 
wards, but it's smart. "Impossible!" you 
might say. "How can a metal be 
`smart' ?" If your education is a bit want- 
ing in that area, then let me introduce 
our star pupil, Nitinol. 

Nitinol is an alloy of nickel and tita- 
nium that belongs to a class of materials 
called shaped -memory alloys (SMA). 
SMAs have interesting mechanical 
properties. For example, Nitinol contracts 

when heated -the opposite of what stan- 
dard metals do when heated (expand). Not 
only does the alloy contract, but it also 
produces a 100X greater thermal move- 
ment (expansion, contraction) than stan- 
dard metals. 

Another interesting property of SMAs 

is the shaped -memory effect (SME). The 
alloy can be heat treated to "remember" 
a particular shape. Afterwards, if the 
shape is bent and distorted, the alloy 
may be heated to regain its original shape. 
The SME property is used in a few toys 
like the "Livewire," shown in Fig. 1. 

The Livewire is a fun little toy. The 
directions tell you to place it in cold 
water, bend the wire into any shape you 
want, and then place it in hot water - 
and the wire pops back into shape. 

The Livewire toy is made of a partic- 
ular Nitinol formula that has a low tran- 
sition temperature -the temperature of 
hot water. When placed in hot water, the 
wire will unfold and unbend itself (if 
bent out of shape), reverting back to its 

original shape. If hot water isn't readily 
available, you could also pass an electric 
current through the Livewire to heat it up. 

History 
Although people have known about 

and experimented with SMAs since 
1932, it wasn't until 1961 that SMAs 
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Fig. 1. Livewire is a Nitinol -wire product that 
demonstrates the shape -memory effect. 

came out of the laboratory. William Beuhler, 

working at the U.S. Naval Ordinance 
Laboratory, discovered the SME effect 
in an alloy of nickel and titanium. At the 
time, the scientific team was trying to 
develop a heat- and corrosive -resistant 
alloy. What they discovered was a rela- 
tively inexpensive and safer (non -toxic) 
SMA. 

The team named the new alloy 
Nitinol (pronounced "night -in- all "). 

The name represents its elemental com- 
ponents and place of origin. The "Ni" 
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6 -mil Nilnol wire (70° C transition 

temperature) -$5 per foot 
15 -mil Nitinol wire (70° C transition 
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and "Ti" are the atomic symbols for 
nickel and titanium. The "NOL" stands 
for the Naval Ordinance Laboratory 
where it was discovered. 

The mixture of nickel to titanium in 
Nitinol is about equal. The smallest 
change in the ratio of the two com- 
pounds has a dramatic effect on the tran- 
sition temperature of the resulting alloy. 

For instance, a 1% difference in the 
ratio varies the transition temperature 
from 100° to +100° C. Every company 
manufacturing Nitinol products must 
hold the ratio of the components to a 

precise level to insure a stable and 
repeatable transition temperature. The 
Nitinol alloy we are experimenting with 
has a transition temperature of 70° C. 

How It Works 
The properties of Nitinol rely on its 

dynamic crystalline structure. The mol- 
ecular structure is sensitive to external 
stress and temperature. The alloy has 
three defined temperature phases: 

Austenite Phase -This is when the 
temperature is above the transition tem- 
perature. The transition temperature varies 

depending upon the exact composition 
of the Nitinol alloy; commercial alloys 
usually have transitional temperatures 
between 70° to 130° C (158° to 266° F). 
The yield strength with which the mate- 
rial tries to return to its original shape is 

considerable: 35,000 to 70,000 psi. The 
crystalline structure is cubic. 

Martensitic Phase -A low- temper- 
ature phase. The crystal structure is needle- 

like and collects in small domains. Within 
the small domains, the needle -like crys- 
tals are aligned. The alloy may be bent 
or formed easily. The deformation pres- 
sure ranges from 10,000 to 20,000 psi. 

Bending transforms the crystalline 
structure of the alloy producing an 
internal stress. 49 
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Fig. 2. Once Nitinol contracts, you need to 
"bias" it with some method to stretch the wire 

back to its relaxed position. 

Annealing Phase -The high -tem- 
perature phase. The alloy will reorient 
its (cubic) crystalline structure to "remem- 
ber" its present shape. The annealing phase 
for the Nitinol wire we are working with 
is 540° C. 

The physical properties of our Nitinol 
wire sample are shown in Table 1. 

TABLE 1 

Physical Properties 

Tensile Strength- 200,000 psi 
Melting Point -1250° C (2282° F) 
Resistance -1.25 ohms per inch for 

0.0060 -inch diameter wire 
Corrosion Resistant 

When Nitinol is at room tempera- 
ture, it is in the martensitic phase. When 
the alloy is bent, the needle -like crys- 
talline structure within the domains 
deforms, creating internal stress. When 
the alloy is heated above its transitional 
temperature (austenite phase), the crys- 
talline structure changes from needle - 
like to cubic. The cubic structure of the 

50 alloy doesn't fit into the same space as 

the needle -like domain structures formed 
when the alloy was bent. The alloy relieves 
the stress by returning to its "remem- 
bered" crystalline cubic shape. 

If the alloy hasn't been deformed or 
stressed, the crystalline structure changes 
still occur, but it doesn't result in any net 
movement. 

Nitinol Wire 
Nitinol generates a shape -resuming 

force of 22,000 pound per square inch. 
In our experiments, we will work with 
either 6 -mil (0.006 -inch diameter) or 
15 -mil (0.015 -inch diameter) wire. The 
6 -mil wire has a contractive force of 11 

ounces; the 15 -mil wire has a contractive 
force of 63 ounces (4 lbs.). 

The wire can contract up to 8 %- 
10% of its length. For a longer lifetime 
(greater than 1,000,000 cycles), you 
should restrict the contraction to only 
6% of its length. 

Contraction and relaxation depend 
solely on the temperature of the Nitinol 
alloy wire. Any method of heating and 
cooling may be used. An easy way to 
heat the wire -a common method -is 
passing an electric current through it. 
Nitinol wire has a high resistance, approx- 
imately 1.25 ohms per inch for the 6 -mil 
wire. The resistance of the wire to the 
electric current generates sufficient heat 
(ohmic heating) to bring the wire 
through its transition temperature. 

Nitinol wire usually has a counter - 
force applied to it in the opposite direc- 
tion of its contraction. The counter force 
resets, or stretches, the wire back to its 
original length when in the low- temper- 
ature phase. This is called the bias force. 

If the Nitinol wire is brought to its 
transition temperature without a bias 
force, it will contract; however, when it 
cools it will not return to its original 
length. Consequently, reheating the 
wire without a bias force will not pro- 
duce any further contractions. In most 
applications, a bias force is applied to the 
wire constantly. Figure 2 illustrates two 
methods of applying a bias force: a 
spring and a static weight. 

The speed and strength of the wire 
contraction depend upon how fast and 
how high the temperature of the wire is 
increased. For example, 400 mA of cur- 
rent through the 6 -mil Nitinol wire will 
produce a maximum pull of 11 ounces 
and full contraction in one second. 

Reaction time can be faster -in the 
millisecond range. To achieve that rate, 
high- current, short -duration pulses are 
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Fig. 3. Nitinol wire's volume remains constant 
whether relaxed or contracted. 

used. When you use such pulses, you 
must consider the mass and speed of the 
material to move. The faster you move a 
given mass, the greater the inertia that 
must be overcome. If the inertia becomes 
greater than six pounds for the 6 -mil 
wire, it will snap. 

Full contractive force is produced at 
the beginning of a cycle. In contrast, 
standard electrical solenoids develop full 
strength near the end of their cycle. 

Activating Nitinol Wire 
As mentioned before, Nitinol wire 

may be heated by simply passing an elec- 
trical current through the wire. The 
resistance heats the wire and it contracts. 
The volume of the wire doesn't change 
during contraction; see Fig. 3. As the 
wire decreases in length, its diameter 
increases by a proportional amount, 
keeping the volume of the wire constant. 
Once again, the activation temperature 
of the wire is 70° C or 158° F. 

Direct Electrical Heating 
Nitinol wire can be activated using a 

low voltage DC (6- 12volts) power sup- 
ply. A simple system (Fig. 4) need be no 
more complicated than a battery, a 
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Fig. 4. A DC -battery power supply is ample to 
test Nitinol wire's unusual properties. 
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Fig. 5. This device demonstrates and tests Nitinol's contraction property. 

switch, and a small length of Nitinol 
wire. When activating a wire using DC 
current, it is important not to overheat 
the wire, or its properties will degrade. 
Direct current doesn't heat the wire 
evenly. A better method is to heat the 
wire using pulse -width modulation. 

Annealing a New Shape into 
Livewire 

Here's some more fun you can have 
with the Livewire toy. You can "teach" 
the Livewire a new shape. Twist the 
Livewire into a new shape, holding the 
new shape using a pair of pliers. Place 
the Livewire into the flame of a candle 
until it is slightly red and it stops trying 
to straighten out. Remove the Livewire 
from the flame and dip it into cold 
water. Now the Livewire will "remem- 
ber" this new shape. 

To test the Livewire, bend it into 
another shape, heat it, and it will return 
to its new "remembered" shape. 

A simple shape that I used for train- 
ing is a coil. I wrapped the Livewire 
around a machine screw, held it in place 
with pliers, and placed it in a flame. It 
takes a little longer to work (get red hot), 
because the screw acts like a heatsink. 

A Simple Nitinol Demonstration 
Figure 5 is a simple mechanical 

demonstration to display the properties 
of Nitinol wire: flexing an electric "mus- 
cle." The materials you need are three 
machine screws (6 -32 x 2 inches) with 
nine nuts; a piece of wood or plastic 

about 12 inches long; a small expansion 
spring (about 2 to 3 inches long); and, of 
course, a length of Nitinol wire. 

The machine screws, nuts, and 
expansion spring may be purchased at a 

local hardware store. To make the 
device, drill two holes in the wood on 
opposite ends as shown to accommodate 
a machine screw and nut. The third 
screw and nut connect the Nitonol wire 
to the spring. That screw /nut is not 
secured to the wood, but is free stand- 
ing. The Nitinol wire is connected to 
the left screw, see detail in Fig. 5. Loop 
the spring around the right end screw. 

Keep in mind that the 6 -mil Nitinol 
wire has a pull of about 11 ounces; 
stretching the spring too far will create 
too much tension for the Nitinol wire to 
overcome. At the same time, it should be 
tight enough to take the slack of the 
relaxed Nitinol wire. 

To make the connections from the 
DC power supply to the demonstration, 
use small alligator clips and jumper 
wires to the back of the two end screws. 
The machine screws as well as the spring 
are electrically conductive, allowing cur- 
rent to flow to the Nitinol wire. 

When you switch on the current to 
the Nitinol wire demonstration unit, the 
wire heats up quickly, contracts and pulls 
the freestanding machine screw closer to 
the right side. If you mark the starting 
position of the freestanding machine 
screw, you can accurately measure the 
contraction of the wire. When power is 

removed, the wire cools, allowing the 

spring to elongate the Nitinol wire and 
return it to its initial position. 

Because we are using a DC power 
supply, it's too easy to overheat the wire 
and degrade the Nitinol properties. So 

it's important to only connect the power 
momentarily. 

But Wait...There's More 
Next month, we will finish experi- 

menting with Nitinol. We will build a 

PWM circuit for the Nitinol wire, 
which will allow us to keep the power on 
for longer periods, build a few more 
Nitinol devices, and examine heat 
engines that use Nitinol. P 
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You've spent hundreds of hours design - 
ing and building your latest robot 

creation. It's filled with complex little 
doo -dads and precision instrumentation. 
You bring it into your living room, fire it 
up, and step back. Promptly, the beauti- 
ful new robot smashes into the fireplace 
and scatters itself over the living room 
rug. You remembered things like motor - 
speed controls, electronic eyes and ears, 
even a synthetic voice, but you forgot to 
provide your robot with the ability to 
look before it leaps. 

Collision- avoidance and -detection 
systems take on many forms, and many 
of the basic systems are easy to build and 
use. In this column, I'll begin a multi- 
part discussion of passive- and active - 
detection systems for use in robots, 
beginning with using infrared light to 
detect nearby objects. 

Design Overview 
Collision avoidance and collision 

detection are two similar, but separate, 
aspects of robot design. With collision 
avoidance, the robot uses non -contact 
techniques to determine the proximity 
and/or distance to objects around it. Any 
detected objects are then avoided. 
Collision detection deals with what hap- 
pens when the robot has already gone 
too far, and contact has been made with 
whatever foreign object was unlucky 
enough to be in the machine's path. 

Collision avoidance can be further 
broken down into two sub -types: near - 
object and far -object detection. By its 
nature, collision detection deals in all 
cases with making contact with nearby 
objects. Note: I make a distinction 
between a robot hitting something in its 
path ( "collision ") and its tactile sense 
using grippers or feelers ( "touch "). Both 
may involve the same kinds of sensors, 
but the object of the sensations is for dif- 
ferent reasons -collision sensing is reac- 
tive with an emphasis on avoidance; tac- 
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Fig. 1. The basic design of the infrared proxim- 
ity sensor 

tile sensing is active with an emphasis on 
exploring. 

Additionally, certain object- detec- 
tion methods are commonly used in nav- 
igating a robot from one spot to the 
next. 

Near -Object Detection 
Near -object detection is as its name 

implies: sensing objects that are close 
by- perhaps from just a breath away to 
as much as eight or ten feet. These are 
objects that a robot can consider to be in 
its immediate environment: objects it 
might have to deal with, and soon. These 
objects might be people, animals, furni- 
ture, or other robots. By detecting them, 
your robot can take appropriate action, 
defined by the program you give it. Your 
'bot may be programmed to come up to 
people and ask them their name. On the 

other hand, it might be programmed to 
run away whenever it sees movement. In 
either case, it won't be able to accom- 
plish either behavior unless it can detect 
objects in its immediate area. 

There are two ways to affect near- 
object detection: proximity and distance: 

Proximity sensors They only care 
that some object is within a zone of rel- 
evance. That is, if an object is near enough 
in the scene the robot is surveying, the 
sensor detects it and triggers the appro- 
priate circuit in the robot. Objects that 
are beyond the proximal range of a sen- 
sor are effectively ignored because they 
cannot be detected. 

Distance measurement sensors - 
These sensors determine the distance 
between the sensor and whatever object 
is within range. Distance -measurement 
techniques vary; almost all have notable 
minimums and maximums. Few yield 
accurate data if an object is smack -dab 
next to the robot; likewise, objects just 
outside range can yield inaccurate results 
(large objects far away may appear clos- 
er than they really are; very close small 
objects may appear abnormally larger 
than they really are, etc.). 

Sensors have depth and breadth lim- 
itations: Depth is the maximum distance 
at which an object can be detected by the 
sensor and breadth is the maximum 
height and width of the sensor -detection 
area. Some sensors see in a relatively 
narrow pattern, typically conical in 
shape. Light sensors are a good example. 
Adding a lens in front of the sensor nar- 
rows the pattern even more. Other sen- 
sors have specific breadth patterns. The 
typical passive -infrared sensor (the kind 
used on motion alarms) uses a Fresnel 
lens that expands the field of coverage 
on the top, but collapses it on the bot- 
tom. This makes the sensor better suited 53 
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Fig. 2. This figure shows how the sensor is used to test the proximity to a nearby object. 

for detecting human motion, rather than 
that of cats, dogs, and other furry crea- 
tures (humans, on average, being taller 
than furry creatures). The detector uses 
a pyroelectric element to sense changes 
in heat patterns in front of it. 

Far -Object Detection 
Far -object detection worries about 

objects that are reasonably outside the 
robot's primary area of interest, but are 
still within detection range. A wall 50 
feet away is not of critical importance to 
a robot (conversely, the same wall one 
foot away is very important). Far -object 
detection is typically used for area and 
scene mapping to allow the robot to get 
a sense of its environment. Most hobby 
robots don't employ far- object detection 
to any degree, because it requires 
sophisticated sensors such as narrow- 
beam radar or pulsed lasers. 

The difference between near- and 
far- object detection is relative. As the 
designer, builder, and master of your 
robot, you get to decide the threshold 
between near and far objects. Perhaps 
your robot is small and travels slowly. 
Therefore, far objects are those 4-5 feet 
away; anything closer is near. With such 
a robot, ordinary sonar -distance systems 
can be employed for far -object detec- 
tion, including area mapping. 

In this column and the several to fol- 
low, I'll concentrate on near -object 

54 detection methods, as traditional far- object 

detection is beyond the reach and riches 
of most hobby -robot makers (with the 
exception or sonar systems, which have a 

maximum range of about 30 feet). If you 
wish, you may employ near -object tech- 
niques to detect objects that are far away, 

relative to the world your robot lives in. 

Remembering The KISS Principle 
Engineering texts like to tout the 

concept of MSS: "Keep it Simple, 
Stupid." The admonition is intentional- 
ly insulting to remind all of us that it's 

usually the simple techniques that are 
the best. Of course, "simplicity" is rela- 
tive: an ant is simple compared to a 

human being, but so far, no scientist has 
ever created the equivalent of a living 
ant (some cartoons have come close: 
who remembers Atom Ant ?). 

KISS certainly applies to robotic 
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sensors for object detection. We'd all 
like to put eyes on our robots to help 
them see the world the same way we do; 
in fact, such eyes already exist in the 
form of CCD and CMOS video 
imagers. They're relatively cheap, too - 
less than $50 retail. What's missing in 
the case of vision systems is the way to 
use the wealth of information provided 
by the sensor. How do you make a robot 
differentiate between a can of Dr. 
Pepper and Mrs. Johnson's slobbering 
two year old -both of which are very 
wet when tipped over. 

When thinking about which object - 
detection sensor or system to add to 
your robot, consider the relative com- 
plexity in relation to the rest of the pro- 
ject. If all your small 'bot needs is a 

bumper switch, then avoid going over- 
board with a $100 sonar system. Conversely, 

if the context of the robot merits it, 
don't under -power your robot with inad- 
equate sensors. Larger, heavier robots 
cry out for more effective object- detec- 
tion systems -if for no other reason 
than preventing injury to its master if 
your creation happens to run into you. 

Redundancy 
Are two heads better than one? 

Maybe. One thing is for sure: two eyes 
are definitely better than one. The 
same goes for ears, and many other 
kinds of sensors. This is sensor redun- 
dancy at work. Having two eyes and ears 
also provides stereo vision or hearing, 
which aids in perception. Sensor redun- 
dancy- especially for object detec- 
tion-is not primarily to compensate 
for system failure, the way NASA 
builds back -ups in their space projects 
in case some key system fails 25,000 
miles up in space. Rather, sensor redun- 
dancy is meant as a way to "smooth 
out" and balance the results from sen- 
sors. If one sensor says an object is 10 
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feet away, and another says it's a foot 
away, the robot's control computer 
knows something is amiss and can go 
about determining the truth. 

With only one sensor, the robot 
must blindly (excuse the pun) trust that 
the sensor data is reliable. This is not a 
good idea; even with the best sensors, 
their data is not 100% reliable. 

Sensor redundancy falls into one of 
two general categories: 

Same - sensor redundancy -This form 
relies on two or more sensors of an iden- 
tical type. Each sensor more or less sees 
the same scene. Sensor data can be used 
in either (or both) of two ways: statistical 
analysis or interpolated (my terms, for 
better or worse). With statistical analy- 
sis, the robot's control circuitry com- 
bines the input from the sensors and 
uses a statistical formula to whittle the 
data to a most likely result. For example, 
sensors with wildly. disparate results may 
be rejected out of hand, with the values 
of the remaining sensors averaged out. 
With interpolated, the data of two or 
more sensors are combined and cross - 
correlated to provide a kind of 3 -D rep- 
resentation, just like having two eyes and 
two ears adds depth to our visual and 
aural senses. 

Complementary sensor redundancy- 
Here we rely on two or more sensors of dif- 
ferent types. Since the sensors are funda- 
mentally different - induding, but not limit- 
ed to, using completely different collection 
methods -the data from the sensors is 
always interpolated. For instance, if a robot 
has both a sonar and an infrared distance- 
measuring system, the robot uses both, 
understanding that for some kinds of objects 
the data from the infrared system will be 
more reliable, and for other objects, the data 
from the sonar system will be more reliable. 

Budget and time constraints will likely 
be the limiting factors in employing redun- 
dant- sensor systems in your robots. When 
combining sensors, do so logically: consid- 
er which sensors make good complements 
to others and if they can be reasonably 
added. For example, both sonar and 
infrared proximity sensors can use the 
same 40 -kHz modulation system. If you 
have one, adding the other need not be dif- 
ficult, expensive, or time -consuming. 

Non -Contact Near -Object 
Detection 

Avoiding a collision is better than 

+v 

Fig. 4. Use a buffer circuit between the output of 
the amplified PIR device and the microcon- 
troller or other logic input. 

detecting it once it has happened. Short 
of building some elaborate radar -dis- 
tance- measurement system, there are 
two general ways of providing proximity 
detection for avoiding collisions: light 
and sound. In the following section, 
we'll take a closer look at several light - 
and sound -based techniques. 

Simple Infrared- Light- 
Proximity Sensor 

Light may always travel in a straight 
line, but it bounces off nearly every- 
thing. You can use this to your advantage 
to build an infrared collision -detection 
system. You can mount several infrared 
"bumper" sensors around the periphery 
of your robot. Tied together, they tell 
the robot that "something is out there," 
or they can provide specific details of the 
outside environment to a computer or 
control circuit. 

The basic infrared detector (Fig. 1) 

uses an infrared LED and infrared pho- 
totransistor. The output of the transistor 
can be connected to any number of con- 
trol circuits. The comparator circuit for 
the whisker switches provides a go /no 
go output to a computer. Figure 2 shows 
how the LED and phototransistor might 
be mounted around the base of the robot 
for detecting an obstacle like a wall, 
chair, or person. 

The set -point adjustment, R3, pro- 
vides a means to increase or decrease the 
sensitivity of the circuit (sensitivity can 

Fig. 5. Here is a hacked PIR detector, showing 
the DC- operating circuit board. 

also be adjusted by changing the value of 
R2; reduce the value to increase sensitiv- 
ity). An increase in sensitivity means that 
the robot will be able to detect objects 
farther away. A decrease in sensitivity 
means that the robot must be fairly close 
to the object for detection. 

Bear in mind that all objects reflect 
light in different ways. You'll probably 
want to adjust the sensitivity so that the 
robot best behaves itself in a room with 
white walls. However, that sensitivity 
may not be as great when the robot 
comes to a dark brown couch or the coal 
gray suit of your boss. 

The infrared phototransistor should 
be baffled- blocked -from both ambi- 
ent room light and direct light from the 
LED. The positioning of the LED and 
phototransistor is very important; the 
two must be properly aligned. You may 
wish to mount the LED -phototransistor 
pair in a small block of wood. Drill holes 
for the LED and phototransistor. 

Passive Infrared -Light Detection 
Commonly available passive infrared - 

detection systems can be used to detect 
the proximity of humans and animals. 
Those systems, popular in both indoor 
and outdoor security systems, work by 
detecting the change in infrared ther- 
mal -heat patterns in front of a sensor. 
This sensor uses a pair of pyroelectric 
elements that react to changes in tem- 
perature. An instantaneous difference in 
the output of the two elements is detect- 
ed as movement, especially movement 
by a heat -bearing object, such as a human. 

Pyroelectiic sensors-commonly referred 
to as FIR for passive infrared -can be 
purchased new or salvaged from an 
existing motion detector. When sal- 
vaging one from an existing detector, 
you can opt to unsolder the sensor itself 
and construct an amplification circuit 
around the removed sensor, or you can 
attempt to "tap" into the existing circuit 
of the detector to locate a suitable signal. 
Both methods are described below. 

Using A New Or Removed -From- 
Circuit Detector 

Using a new PIR sensor is by far the 
easiest approach, as new PIR sensors will 
come with a datasheet from the manu- 
facturer (or one will be readily available 
on the Internet). Some sensors -such as 
the Eltec 422 -3 -have built -in amplifi- 
cation, allowing for direct connection to 
a microcontroller or computer. Others 
require extra circuitry, including ampli- 55 



fication, signal filtering, and conditioning. 
If you prefer, you can attempt to sal- 

vage a PIR sensor from a discarded 
motion detector. Dic semble the motion 
detector and carefully unsolder the sen- 
sor from its circuit board. The sensor 
will likely be securely soldered to the 
board in order to reduce the effects of 
vibration. Therefore, the unsoldered sen- 
sor will have short connection leads. 
You'll want to resolder the sensor onto 
another board, being careful to avoid 
applying excessive heat. 

Figure 3 shows a typical three -lead 
PIR device. The pinouts are not indus- 
try- standard, but the arrangement shown 
is common. Pin 1 connects to +V (often 
5 volts); pin 2 is the output, and pin 3 is 
ground. Physically, PIR sensors look a 

lot like old -style transistors and come in 
metal cans with a dark rectangular win- 
dow on top. Often, a tab or notch will be 
located near pin 1. As even "unampli- 
fied" PIR sensors include an internal 
FET transistor for amplification, the 
outputs of the sensor are commonly 
referred to by their common FET 
pinout names of drain and source: 

Pin Name 
1 Drain 
2 Source 
3 Ground 

If the sensor has an internal output 
amplifier and signal conditioner, its out- 
put will be suitable for direct connection 
to a microcontroller or other logic 
input. A buffer circuit, like that shown in 
Fig. 4, increases input impedance. The 
circuit uses an op -amp in a unity-gain 
configuration. 

For both of those circuits, the ideal 
interface to a robot computer or micro - 
controller is via an analog -to- digital 
converter (ADC). Many microcon- 
trollers offer these onboard; if your con- 
trol circuit lacks a built -in ADC, you can 
add your own. 

The output of the PIR sensor will be a 

voltage between ground and +V. For exam- 
ple, let's assume that the output will be the 
full 0-5 volts, though in practice the actual 
voltage switch will be more restricted (e.g. 

2.2 to 4.3 volts, depending on the circuitry 
you use). Assuming a zero- to 5 -volt DC 
output, with no movement detected the 
output of the sensor will be 2.5 volts. As 

movement is detected, the output will 

swing first in one direction, then the other. 
This action is important to keep in mind 
and is caused by the nature of the pyro- 

FURTHER READING 

By the time you read this, my new book, 
Robot Builder's Bonanza, Second Edition, 
should be in bookstores worldwide, as well 
as online bookstores such as Amazon, 
Barnes & Noble, and Fatbrain. This book 
is an update to the best -selling Robot 
Builder's Bonanza, first published in 1987. 

The Robot 
Builder's 
Bonanza 

99 
h expens.s,_ 

Robotics 
Projects 

C' ».i'.I 

i 
SECOND EDITION 

The second edition is completely revised 
and updated (weighing in at over 750 
pages!), with lots of new coverage of the 
latest in amateur robotics technology, 
including microcontrollers, sensors, and 
LEGO Mindstorms. 

electric element inside the sensor. It is also 

important to keep in mind that a heat 
source, even directly in front of the sensor, 
will not be detected if it doesn't move. For 
a PIR device to work, the heat source must 
be in motion. When programming your 
computer or microcontroller, you can look 
for variances in the voltage that will indi- 
cate a rise or fall in the output of the sensor. 

SOURCE INFORMATION 

Eltec 442 -3 Pyroelectric Sensor 
Acroname 
www.acroname.com 

PIR detectors and interfacing circuits 
Glolab 
www.glolab.com 

Enhanced pyroelectric sensors and back- 
ground information 
Intel 
www.intrel.com 

Low -cost pyroelectric sensors 
Microsystem 
home. netcom. com / -gtb /sensor /sensor. 
html 

Hacking Into A 
Motion -Detector Board 

Rather than unsoldering the PIR 
sensor from a motion -detector unit, you 
may be able to hack into the motion - 
detector's circuit board to find a suitable 
output signal. The advantage of that 
approach is that you don't have to build 
a new amplifier for the sensor. The dis- 
advantage is that it can be hard to do, 
depending on the make and model of 
the motion -control unit that you use. 

For best results, use a motion- detec- 
tor unit that is battery powered. This 
avoids any possibility that the circuit 
board in the unit also includes compo- 
nents to rectify and reduce an incoming 
AC voltage. After disassembling the 
motion -detector unit, connect a 5 -volt 
DC power source to the board. Using a 

multimeter or oscilloscope (the scope 
is the preferred method), carefully 
probe various points on the circuit 
board and observe the reading on the 
meter or scope. Wave your hand over 
the sensor and watch the meter or 
scope. If you're lucky, you'll find two 
kinds of useful signals: 

Digital (on /of}) output. The output will 
be normally low, going high when 
movement is detected. After a brief 
period (less than one second), the out- 
put will go low again; movement is no 
longer detected. With this output, 
you do not need to connect the sensor 
to an analog -to- digital converter. 

Analog output. The output will vary 
several volts and is the amplified out- 
put of the PIR sensor. With this out- 
put, you will need to connect the sen- 
sor to an analog -to- digital converter 
(or an analog comparator). 

You may also locate a timed output, 
where the output will stay high for a 

period of time -up to several minutes - 
after movement is detected. This output 
is not as useful. Figure 5 shows the 
innards of a hacked motion detector. In 
this model, I found a suitable analog 
output located near a diode. I then sol- 
dered a wire to that diode. 

Be careful when poking around 
inside the motion detector. In one unit 
that I tried to hack, I accidentally short- 
ed out two pins of an IC, which prompt- 
ly wrecked the device. Fortunately, I was 

still able to salvage the PIR sensor itself, 
so all was not lost. 

(Continued on page 64) 
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The Psychologically 

Ultimate Alarm System 

Last month, we looked at a number of 
basic alarm circuits. Before we could 

combine some of the circuits into a com- 
plete burglar -alarm system, we ran out 
of space and time. This visit, we're going 
to continue and look at a couple of alarm 
systems that can be used as examples for 
building your very own secure and secret 
system. 

Before getting into the system's cir- 
cuitry, I would like to share some tips on 
installation and the art of spreading "red 
herrings." It's almost always best to keep 
your alarm system out of sight, except 
when a fake or non -working unit is used 
as a decoy to distract and possibly help 
catch a burglar. If a burglar comes across 
a legitimate- appearing control unit with 
the control key still in place to deactivate 
the system, there's a good chance it will 
be done. If the key switch just happens 
to be wired into the sensor circuit of the 
"real" alarm system and the perpetrator 
bites, then priorities shift from stealing 
to getting away before the authorities 
arrive. The successful burglar likes work- 
ing in a peaceful and tranquil place, and 
anything your alarm system can do to 
change that serene setting into a chaotic 
trap betters the chances that nothing 
will be taken in the process. 

Another area where good installation 
techniques can help make your system 
more difficult to penetrate is to hide your 
door and window sensors or at least not 
allow the connecting wires or terminals 
to show. A well -placed "looking good" 
door or window sensor can confuse or 
delay the burglars or cause them to become 
confident that the system can easily be 
breached by wiring across the exposed 
contacts. Surprise! 

Using a dual -alarm system with both 
actually operating is a good way to real- 
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Fig. 1. This alarm circuit can handle both normally open and normally closed sensor switches. All 
you need to add is a suitable power supply and a siren. 

PARTS LIST FOR THE INVERTER -BASED ALARM CIRCUIT 
(FIG. 1) 

SEMICONDUCTORS 
IC1- CD4049 hex inverting buffer, 

integrated circuit 
IC2- CD4011 quad 2 -input NAND gate, 

integrated circuit 
LED1, LED2- Light -emitting diode, any 

color 
SCRI- 2N5061 silicon -controlled 

rectifier (see text) 

RESISTORS 
(All resistors are /s -watt, 5% units.) 
R1- 100,000 -ohm 
R2- 10,000 -ohm 
R3, R4 -2200 -ohm 

R5-1000-ohm 
R6-470-ohm 

ADDITIONAL PARTS 
AND MATERIALS 
C1-0I 0.1 -RF, ceramic -disc capacitor 
Sl S5- Single -pole, single - throw, 

normally closed sensor switch 
S6- Single -pole, single -throw, 

key -operated switch 
S7 S10- Single -pole, single -throw, 

normally open sensor switch 
S11-Single-pole, single- throw, normally 

closed pushbutton switch 
57 
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Fig. 2. A pair of inverting gates form an oscillator that "sounds the alarm" when power is applied. 

ly confuse a would -be burglar and to up 
the security of an alarm system. One sys- 
tem could be used to cover all areas, and 
the secondary system could be used to 
double -cover critical areas. In any case, 
it would make penetrating the system 
much more difficult. 

Always have a rechargeable backup 
battery for your alarm system. If the 
power fails or the intruder turns the 
power off, the alarm will still operate. 
Also, never fully rely on an alarm system 
that uses a phone dialer as the only out- 
let for your alarm system. Phone lines 
are just too easy for a knowledgeable 
burglar to disable or cut. Using a cellu- 
lar phone system might be a better 
answer when a dialer is part of the alarm 
system. At least, it would be an area 
worth examining. 

Okay, I think you get the picture - 
now on to building the alarm system. 

A Complete Alarm System 
Our first complete burglar alarm sys- 

tem is shown in Fig. 1. The circuit is set 
up to operate with both normally open 

TO ALARM 

OUTPUT 

and normally closed sensor circuits. The 
normally open sensor circuit operates 
with two CD4049 inverting buffers that 
supply a high input to IC2 -a, a CD4011 
NAND gate. The normally closed sensor 
circuit operates with a single CD4049 
inverter supplying a high to the second 
input of IC2 -a. With both inputs high, 
the NAND gate's output is low. As long as 
the gate's output is low, the SCR will 
remain off and the alarm will remain 
silent. Any number of normally open or 
closed sensors may be used with the 
alarm circuit. The number of sensors 
does not matter -only the change in 
condition makes a difference. 

Light -emitting diodes LED I and 
LED2 remain dark as long as all sensors 
are in their normal operating condition. 
The two 0.1 -11F ceramic -disc capacitors 
tied across the inputs of ICI -a and ICI - 
c help keep stray RF and noise out of the 
system. If RF or random noise becomes 
a problem, an RF choke can be inserted 
in series with the sensor string and the 
input of the CD4049s. 

A key- operated entrance /exit switch, 
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Fig. 3. To increase the "attention- getting" aspect of the siren, this circuit uses two oscillators -one 
58 to generate the base audio tone and one to modulate the tone generator. 

PARTS LIST FOR THE 
SIMPLE SOUNDER CIRCUIT 

(FIG. 2) 

IC1- CD4011 quad 2 -input NAND gate, 
integrated circuit 

Q1- 2N2222 NPN silicon transistor 
C1- 0.047 -µF, ceramic -disc or similar 

capacitor 
R1-47,000-ohm, ' '44 -watt, 5% resistor 
R2 -1000 -ohm, % -watt, 5% resistor 
R3-47 -ohm, 4 -watt, 5% resistor 
R4- 100,000- ohm, V -watt, 5% resistor 
SPKR1 -Small 8- or 16 -ohm speaker 

S6, allows passage through a protected 
door without setting off the alarm. A 
similar switch could be used in the nor- 
mally open sensor circuit by connecting 
the key switch in series with the normal- 
ly open door switch. 

Silicon -controlled rectifier SCRI is 

the latching and memory device that 
turns on the alarm sounder when any 
one (or more) of the input sensors 
changes state. A low- current SCR, such 
as the 2N5061, will supply up to 800 mA 
to the alarm- sounder circuit. A low -cost, 
4 -amp, sensitive -gate SCR from Mouser 
Electronics will handle most high -power 
12 -volt alarm- sounder circuits, home 
built or commercial. 

Before moving on, let's discuss how 
the circuit sends the alarm signal. If a 

normally open sensor switch closes, the 
input of inverter ICI -a goes low. The 
high output of ICI -a takes the input of 
ICI -b high as well. The output of ICI -b 
goes low, taking the input at pin 1 of 
IC2 -a low as well. That action switches 

PARTS LIST FOR 
THE COMPLEX 

SOUNDER CIRCUIT 
(FIG. 3) 

IC1- CD4011 quad 2 -input NAND gate, 
integrated circuit 

Q1- 2N6385 NPN Darlington power 
transistor 

CI- 0.047 -µF, ceramic -disc or similar 
capacitor 

C2- 4.7- 10 -µF, 25 -WVDC, electrolytic 
capacitor 

R1-680 -ohm, V -watt, 5% resistor 
R2- 100,000 -ohm, % -watt, 5% resistor 
R3, R4 -47000 -ohm, x -watt, 5% resistor 
R5, R6- 100,000 -ohm potentiometer 
SPKRI -8 -ohm, outdoor -type metal - 

cone speaker 
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Fig. 4. A more sophisticated version of Fig. 1 uses NANO gates to bypass faulty sensors during trou- 
bleshooting and repair. 

IC2 -a's output (pin 3) high, turning on 
the SCR and sounding the alarm. Switch 
S 11 is a normally closed switch that's 
connected in series with the alarm - 
sounder circuitry. When momentarily 
opened, the alarm is reset. The reset func- 
tion will only work if all input sensors have 
been returned to their normal operating 
condition. If not, the alarm's power must 
be turned off to silence the alarm. 

The same holds true for the normal- 
ly closed sensor circuit. When any one 
of the normally- closed sensors open, the 
input at IC1 -c (pin 7) goes high. Its out- 
put goes low, taking the input at pin 2 of 
IC2 -a low. That causes IC2 -a's output to 
go high, which turns on the SCR and 
sounds the alarm. 

Simple Screeching Sirens 
A simple low- volume sounder circuit is 

shown in Fig 2. This is a handy circuit for 
testing purposes and for any low security at 
the office or home where a loud alarm 
sounder is not needed. Three gates of a 

quad 2 -input CD4011 NAND gate make up 
the sounder's oscillator and driver circuit. A 

single 2N2222 transistor serves as the 
speaker driver. Adjusting R4 sets the fre- 
quency tone to suit, and changing the value 
of C 1 can vary the operating frequency 
range. Use a larger capacitor value for 
lower tones and vice versa for higher tones. 

The sounder circuit connects to the alarm 
system in Fig. 1 by connecting the sounder's 
ground circuit to the anode of the SCR and 
the sounder's positive terminal to the system's 
positive sounder -output terminal. 

Red Alert! 
A more powerful and attention -getting 

alarm -sounder circuit is shown in Fig. 3. A 
single CD4011 2-input quad NAND gate IC 
makes up the sound -generating circuitry, 
and a special type of Darlington power 
transistor moves the speaker cone. Gates 
ICI -a and ICI -b make up the attention - 
getting alarm- oscillator circuit, with the 
tone frequency set by C1, R3, and R5. The 
attention -getting part of the alarm sounder 
is the low- frequency -oscillator circuit- 
made up of gates ICI -c and IC1 -d -that 
modulates the alarm oscillator circuit, giv- 
ing it an interrupted output. The compari- 

PARTS LIST FOR 
THE NAND -GATE -BASED 

ALARM CIRCUIT 
(FIG. 4) 

SEMICONDUCTORS 
ICI, IC2- CD4011 quad 2 -input NAND 

gate, integrated circuit 
D1 -1N914 silicon signal diode 
SCR1- 2N5061 0.8 -amp silicon - 

controlled rectifier 
SCR2 -4 -amp, sensitive -gate silicon - 

controlled rectifier (Mouser 511 - 

X0402BE or similar) 

RESISTORS 
(All resistors are Y -watt, 5% units.) 
R1-33,000-ohm 
R2- 3300 -ohm 
R3- R5- 10,000 -ohm 
R6-R8 -1000 -ohm 
R9, R10- 15,000 -ohm 
RI 1- 100,000 -ohm 

ADDITIONAL PARTS 
AND MATERIALS 
CI-CS-OA-11.F, ceramic -disc capacitor 
C6- 10- 100 -µF, 25 -WVDC, electrolytic 

capacitor 
S1 -S3- Single -pole, single -throw, 

normally closed sensor switch 
S4-S5, S9- Single -pole, single -throw 

toggle switch 
S6-S8- Single -pole, single -throw, 

normally open sensor switch 
S10- Single -pole, single -throw, 

normally closed pushbutton switch 

son of this output to a steady tone is as a 

steady light source compared to one that 
rapidly flashes on and off. 

Both oscillator circuits operate in a 

fashion similar to the oscillator circuit in 
Fig. 2, with input pin 1 of ICI -a con- 
necting to the output of the low -fre- 
quency oscillator circuit, pin 11 of IC1- 
d. When the output of the low- frequen- 
cy oscillator goes high, the tone genera- 
tor turns on and sends out a loud tone. 
When the low- frequency oscillator's 
output goes low, the tone ceases for that 
time period. The interrupted tone is a 

hard one to ignore, especially if you're 
the burglar. The tone frequency and the 
interrupted rate may be varied with R5 
and R6, respectively. 

Bells And Whistles 
Our next complete alarm system, see 

Fig. 4, is slightly more complex than our 
first, but the parts count isn't anything 59 
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to get concerned about. It is offered as 
an example to get you started on your 
very own alarm design. This system also 
operates with both normally open and 
normally closed sensors. A delay timer 
has been added as well as several "lock- 
out" switches, which allow more control 
over the sensor and timing circuits. 

The sensor input circuitry is very 
similar to our first alarm system. This 
time, we've replaced the inverters with 
NAND gates. The use of NAND gates 
allows another input for additional con- 
trol. The extra gate inputs allows for a 

"lockout" feature to easily be added to 
the alarm's sensor and timer circuits. 

The lockout switches, S4 and S5, 
allow all of the sensors to be disabled - 
or "locked out " -unable to influence or 
trigger the alarm sounder. The timer 
lockout switch, S9, terminates the timer's 
output and keeps the alarm from sound- 
ing when the timer times out. 

Here's how the alarm system oper- 
ates with all three lockout switches not 
in operation and all sensors in their nor- 
mal circuit condition. Both inputs of 
IC1 -a and IC1 -b are low, and their out- 

puts are high. That puts both inputs of 
IC1-c high as well and its output low. 

Silicon -controlled rectifier SCR1 remains 
off, and the voltage at the top of R7 is near 
ground level. The timer circuit is not acti- 
vated, and the output at IC2 -a is low. That 
keeps SCR2's gate voltage near ground 
level. With SCR2 off, no alarm is sounded. 

If a sensor changes from its normal 
operating condition to an alarm condi- 
tion, the output of IC1 -a or IC1 -b will 
go low, producing a high output at pin 
10 of IC1 -c. That signal turns on SCR1. 
The voltage at the top of R7 will go 
high, charging C4 through timing resis- 
tor R11. When the voltage across C4 
increases to about 6 or 7 volts, IC1 -d 
changes output state, taking the inputs 
(pins 1 and 2) of IC2 -a low. The output 
of IC2 -a goes high (pin 3), turning on 
SCR2 and sounding the alarm. 

Opening S10 will reset the alarm if 
all the sensors are returned to their nor- 
mal operating condition. If, for some 
reason, a sensor was intermittingly oper- 
ating or just giving trouble, the lockout 
switch associated with that sensor group 
could be turned on, and the circuit 

would still operate with the other input 
sensors while you make repairs. Light - 
emitting diodes can be added to the out- 
puts of the sensor gates IC1 -a and IC1 -b 
by duplicating the LED circuits in Fig. 1. 

Selecting component values for R11 
and C6 sets the delay timer. Larger val- 
ues for both extend the time, and small- 
er values reduce the time. Resistor val- 
ues for R11 should not go much higher 
than about one megohm, as the leakage 
resistance of C6 could keep the timer 
from operating. A one- megohm resistor 
and a 47 -µF good quality electrolytic 
capacitor will give a time delay of about 
30 seconds; however, most electrolytic 
capacitors have a very broad tolerance 
range. To obtain an exact timing period, 
some experimenting will be needed. 
Besides, that is where all of the fun in 
electronics happens! 

We could go on forever on alarm cir- 
cuits, but it's about time to close for 
now; so get busy and design and build a 

super burglar alarm system! 
Who knows what interesting circuits 

will emerge here next time? To find out, 
be here! P 

FACTCARDS 

! r 

Jampacked with 
information at your 

fingertips 

ALL YOU NEED to know about 
electronics from transistor packaging 
to substitution and replacement 
guides. FACTCARDS numbers 34 
through 66 are now available. These 
beautifully -printed cards measure a 
full three -by -five inches and are 
printed in two colors. They cover a 
wide range of subjects from Triac cir- 
cuit replacement guides to flip- flops, 
Schmitt triggers, Thyristor circuits, 
Opto- Isolator Coupler selection and 
replacement. All are clearly explained 
with typical circuit applications. 

WANT TO EXPAND your knowl- 
edge of electronics? Do it the easy way 

by studying the Electronics Fact 
Cards. Do you travel to and from your 
job each day? Drop a handful of cards 
in your pocket before you leave, and 
the bus becomes a schoolroom! At 
home, you can build some of the proj- 
ects and not only have fun building and 
using them, but learn how they work at 
the same time. 

YOU'LL BE AMAZED both at how 
rapidly you learn with these cards, and 
how easy it is to understand. These 
new cards are available right now. 
Don't miss out. Send your check or 
money order today. 

FACTCARDS -Facts at your fingertips for 
Experimenters and Project Builders! 

Please send one copy of FACTCARDS $1.99. Shipping $2.00 (U.S. and Canada only). 

Please send copies of FACTCARDS. Total cost is sum of copy price and First Class 
postage and handling cost multiplied by number of card sets ordered. 
New York residents add sales tax to total cost of each order. 
Please print Allow 6 -8 weeks for the material to arrive. 

(Name) 

(Street Address) 

(City) (State) (Zip) 

Detach and mail today: 
CLAGGK Inc. 
P.O. Box 12162 
Hauppauge, NY 11788 

All Payment must be in U.S. 
Funds! 

BS168 



NEW GEAR 
USE THE FREE INFORMATION CARD FOR FAST RESPONSE 

Function Generator 

CIRCLE 60 ON FREE INFORMATION CARD 

THE DATA MODULATION FEATURE 
of the Model 625A SMARTARB function 
generator is designed for testing mes- 
saging radio systems such as pagers, 
remote telemetry equipment, RF modems, 
and pocket radio transceivers. It also 
provides an extensive array of operating 
modes, functions, and measuring modes. 
Upgrades and additions to these modes 
and functions can be done with field - 
installable software. Users can design or 
easily download waveforms and store 
them in Flash memory for generation 
anytime, anywhere. In addition, up to 
ten complete sets of instrument states 
may be stored for later recall into non- 
volatile storage. 

Downloading requires no special 
protocols, so it's easy to retrieve data 
from programs, spreadsheets, and sam- 
pling scopes. Binary messages up to 960 
bits in length can be downloaded from a 

host computer for FSK or AM digital 
modulation. 

The SMARTARB, which measures 
approximately 5 by 9 by 10 inches and 
weighs almost 3.5 pounds, offers easy - 
to -use controls on its front panel. Values 
can be entered either by the numeric 

keypad or by the rotary knob, and there 
is no phase jitter of skipped points as the 
rep rate is changed. Modes are clearly 
labeled on the keypad and can be select- 
ed at the touch of a finger. The Store/ 
Recall button is also located on the front 
panel for easy access. All operating para- 
meters are shown on a single two -line by 
40- character, LCD, backlit display. 

Based on Direct Digital Synthesis 
(DDS) technology, this function genera- 
tor produces DC to 20 MHz modulated 
and swept sinewaves, functions, pulses 
and arbitrary waveforms. A high -speed 
Digital Signal Processor, which has 
direct control over the DDS system, 
implements an extensive list of modula- 
tion modes: AM, FM, PM, SSB, BPSK, 
Dualtone, and Burst. The carrier fre- 
quencies may be specified from 0 Hz to 
20 MHz in 0.1 Hz steps. The band rate 
is adjustable from 1 Hz to 130 kHz in 1 

Hz steps. Frequencies are adjustable 
with 0.1Hz resolution and are accurate 
to 0.001%. 

The Model 625A SMARTARB lists 
for $1295. 
BERKELEY NUCLEONICS 
CORP. (BNC) 

3060 Kerner Blvd., #2 
San Rafael, CA 94901 
800 -234 -7858 or 415 -453 -9955 
www.berkeleynudeonics.com 

Fold -Up Hex Tools 
FOUR NEW L FILITY SETS HAVE 
been added to the Gorilla Grip line of 
Fold -Up Hex Tools, which are designed 
for everyone from the do- it- yourselfer 
to the sportsmen and even to profession- 
als in construction or carpentry work. 
Each set has a different combination of 
five tools, ranging from small blade 
screwdrivers to an awl for scratching 
metal or aligning a hole. The combina- 
tions are contained in a strong, resin - 
composite, ergonomic 3% -inch handle 
that protects the user's hand from heat 
or cold. 
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Every handle contains integral flutes 
or key separators to allow selecting only 
the needed key, whose size is marked on 
the handle. All keys have precision burr - 
less tips, a turn and flip feature, and 
swing out to a 90° lock to avoid collaps- 
ing when torque is applied. 

All models of the Gorilla Grip line of 
Fold -Up Hex Tools are priced at $6.30 
each. 
BONDHUS CORP. 
1400 E. Broadway 
Montsela, MN 55362 
612 -295 -2162 
www.bondhus.com 61 



RF Voltage Probe 
111E RF VOLTAGE PROBE (MODEL 
RFP5401A) offers four decades of fre- 
quency response with an 80 -dB dynamic 
range. It provides a very high -input 
impedance, which minimizes circuit load- 
ing when measurements are taken. Designed 
for broad frequency response, the 
RFP5401A operates up to 1.5 GHz; and 
it will operate beyond 1.5 GHz with 
reduced specifications. 
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The probe is both lightweight and 
robust. Its precision -ground high -ten- 
sile plated -steel tip easily allows non -slip 
accurate surface-mount component probing. 

The RF Voltage Probe (Model 
RFP5401A) sells for $81(U.S.) plus 
S &H. 
RF PROBES 
P.O. Box 6 Greensborough 
Victoria 3088 
Australia 
www.rfprobes.com.au 

Datalogging Multimeter 
THE MULTILOG SERIES OF DATA - 
logging Multimeters (Models ML710 and 
ML720) have the ability to log and view 
up to 43,000 data points at capture rates 
as fast as 20 times per second. Stored 
data can be viewed directly on the back- 
lit, high- resolution 5000 -count LCD, 
with quick min/max and trend displays. 
The optically isolated RS -232 PC inter- 
face, along with the included Windows- 
compatible software, allows the user to 
collect, display, plot, save, or export data 
or graphs. 

Functions of these multimeters 
include true RMS measurements for AC 
and DC voltage and current, resistance, 
selectable °F / °C temperature, frequen- 
cy, capacitance, diode, and continuity. 
Features also include a wide AC voltage 
bandwidth of 40 Hz to 20 kHz, smart 
Auto Power Off, and high and low resis- 
tance auto -lead zero. The water -resistant 
meters, which measure 7.3 by 3.4 by 1.4 
inches and weigh 12 ounces, come bun - 

62 died with a built -in stand, test leads, 

t ' n' 
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temperature probe, RS -232 cable, a pro- 
tective holster, and a 9 -volt battery. 

The Multi log Series of Datalogging 
Multimeters (Models ML710 and ML720) 
list for $249 and $299, respectively. 
EXTECH INSTRUMENTS CORP. 
285 Bear Hill Road 
Waltham, MA 02451 
781 -890 -7440 
www.extech.com 

Radio Kit 
BOTH FUN AND EDUCATIONAL, 
the AM -780 AM Radio Kit is designed 
for students, hobbyists, and anyone 
with an interest in electronics. It is a 
ready -to- assemble kit that builds a 
tuned radio frequency receiver, which 
receives the standard amplified modu- 
lation frequencies (550 kHz to 1660 
kHz). The included manual contains sec- 
tions on proper soldering techniques 
and the theory of operation, block dia- 
grams explaining how the radio works, 
schematics and other technical infor- 
mation, explanations of the resistor color 
code, and a glossary. 

The easy -to -follow step -by -step assem- 
bly instructions are accompanied by 
many drawings that illustrate the assem- 
bly. All components are clearly identi- 
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fled, and there is a troubleshooting sec- 
tion in case of problems. 

The AM -780 AM Radio Kit (5.3 by 
3.5 inches) lists for $13.25. 
ELENCO ELECTRONICS, INC. 
150 W. Carpenter Ave. 
Wheeling, IL 60090 
847 -541 -3800 
www.elenco.com 

PIC Microcontroller 
EXPANDING CONNECTIVITY OP- 
tions for its PlCmicro 8 -bit microcon- 
trollers , Microchip recently introduced 
a family of two one -time programmable 
(OTP) devices supporting the USB 1.1 
low -speed interface. The PIC16C745 and 
PIC16C765 8 -bit microcontrollers fea- 
ture a software detachment mechanism 
that allows the peripheral to remove 
itself from the system without removing 
the cable. They also offer ample pro- 
cessing bandwidth to enable USB func- 
tionality and other control functions in a 
single -chip microcontroller. 
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The 745 and the 765 feature 22 and 
33 1/0 ports and 5- channel and 8 -chan- 
nel 8 -bit analog -to- digital converters, 
respectively. The 28 -pin 745 and the 40- 
pin 765 both contain 8k by 14 words of 
program memory and 256 bytes of user 
RAM. Both devices provide an on -chip 
bandgap voltage reference, oscillator 
mode, brown -out detection, enhanced 
Capture /Compare /Pulse -Width 
Modulation, USART interface, one 16- 
bit timer, and a Watchdog timer. 

No price has been set for individual 
PIC16C745/65 8 -bit microcontrollers 
at press time, but they will be available 
through Digi -Key (www.digikey.com) by 
the time this is published. 
MICROCHIP TECHNOLOGY INC. 
2355 W Chandler Blvd. 
Chandler, AZ 85224 -6199 
480 - 786 -7668 
www.microchip.com P 



Vintage Synthesizers, 

Second Edition 
by Mark I/ai1 

Miller Freeman Books 

55 Hawthorne St., Suite 600 
San Francisco, CA 94105 
800 -848 -5594 or 408- 848 -5296 
www.books.mfi.com 
$27.95 
Tracing the development of the analog, 
modular, and digital synthesizers and 
samplers that began in the early 60s, this 
tour showcases dozens of vintage models. 
Groundbreaking instruments are seen in 
a colorful photographic gallery. The 
book features in -depth interviews with 
pioneering synth designers, including 
the famed Bob Moog and Alan R. 
Pearlman of Moog Music and ARP 
Instruments, respectively. These innova- 
tors discuss their original designs and 
reflect on their successes and failures. 

Pioneering Designers 

Groundbreaking Instruments ° 

Collecting Tips 

Mutants of Technology 

In addition to interviews and photos, 
there is completely revised and updated 
information on pricing and products, an 
expanded section on support services, 
coverage of Japanese synthesizers, and a 

discography of must -hear synth record- 
ings. The estimated values of over 300 

instruments; dealers' tips on finding, 
buying, restoring, and maintaining vin- 
tage synths; recommended books and 
Web sites -all are found in these helpful 
pages. 

Multifunction Peripherals for PCs: 

Technology, Troubleshooting, 

and Repair 
by Marvin Hobbs 
Newnes, Butterworth -Heinemann 
225 Wildwgod Ave. 
Woburn, MA 01801 
800 -366 -2665 or 781- 904 -2500 

www.newnespress.com 
$32.95 
Multifunction devices combine the 
functions of a fax machine, printer, scan- 
ner, and copier into one peripheral 
device meant for SOHOs. This resource 
explains how multifunction peripherals 
work in theory and in practice, with lots 
of hands -on examples and important 
troubleshooting and repair tips. 

Contents include descriptions of all 

types of printing, from plain paper to 
electrophotographic; discussions of ser- 
vice mode options, adjustments, and var- 
ious test modes; explanations of scanner 
and print mechanisms, circuitry, and 
power supplies; troubleshooting flow 
charts, disassembly and reassembly 
instructions, and remote safety precau- 
tions. 

!Movie: The Missing Manual 
by David Pogue 
O'Reilly and Associates, Inc. 

101 Morris St. 
Sebastopol, CA 95472 
800 -998 -9938 or 707 -829 -0515 
www.oreilly.com 
$19.95 
In 1999, Apple Computer made digital 

video editing easy by building circuitry into 
their MacDV computers that can record 
video directly from a digital camcorder and 

send the edited movie back to either TV or 
tape. The pre -installed editing software 
iMovie makes it all possible. However, no 

published manual comes with this soft- 

ware, and that's where the Missing Manual 
series comes in. 

The iMovie book in this series takes 

readers through every step of iMovie video 

production, from choosing a camcorder to 
burning finished films onto CDs. The 
author shows iMovie- makers how to max- 

imize their use of the software and reduce 
the cost, complexity, and difficulty of desk- 
top video production. 

Exploring the World of SCSI 
by Louis Columbus 
Prompt Publications 
Sam's Technical Publishing 
5436 W. 78th St. 
Indianapolis, IN 46268 
800 -428 -7267 
www.samswebsite.com 
$34.95 
Focusing on the needs of the hobbyist, 
PC enthusiast, and/or systems adminis- 
trator, this comprehensive book is for 
anyone interested in learning the hands - 
on aspects of SCSI. It discusses bus mas- 
tering and caching and working with the 
Logical Unit Numbers (LUNs) within 
SCSI, in addition to explaining termi- 
nation and the different performance 
levels of RAID. 

This book contains both real -world 
applications and theoretical information. 
It can be used as both a desktop refer- 
ence, and a guide to configuring SCSI 
on a workstation or server. There are 
troubleshooting tips and tricks for net- 
working SCSI devices, as well as infor- 
mation about the role of SCSI in net- 
work -based storage. P 63 
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TALKING TRAIN STATION 
(continued from page 31) 

position. When power is applied, the 
circuit will automatically play back 
whatever sound is stored within IC1 
once. Adjust R2 to the desired vol- 
ume level. To repeat the recording, 
the power switch must be opened 
and re- closed. For manual operation, 
the Fig. 2 setup will do just fine. Simply 
close the power switch, and the 
Talking Station will begin playing. 

An alternative wiring configura- 
tion, shown in Fig. 3, is for automat- 
ic operation. A Lionel No. 145C con- 
tactor is a good choice for such 

LIONEL NO. 145C CONTACTOR 

tvt.dC''.!r`4141,1f:1j:,.9y34F,;j!.:r=r, 
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Fig. 3. How to set up the Talking Station for automatic operation. 

PARTS LIST FOR THE TALKING STATION 

SEMICONDUCTORS 
ICI- ISD1000A voice record/playback, 

integrated circuit 
IC2 -LM386 audio amplifier, integrated 
circuit 
IC3- LM7805 5 -volt DC fixed- voltage 

regulator, integrated circuit 
BR1 -Full -wave Bridge Rectifier, 

1 -amp, 50 -volt 

RESISTORS 
(All resistors are Y4 -watt, 5% units unless 
otherwise noted.) 
Rl, R3- 2200 -ohm 
R2- 10,000 -ohm potentiometer 
R4 -1000 -ohm 

CAPACITORS 
Cl, C2- 0.1 -RF, ceramic -disc 

C3- 22 -1IF, 35 -WVDC, tantalum 
electrolytic 

C4- 100 -11F, 35 -WVDC, electrolytic 
C5, C6- 0.22 -µF, ceramic -disc 
C7- 220 -µF, 16 -WVDC, electrolytic 

ADDITIONAL PARTS 

AND MATERIALS 
J1 -Phono jack 
S1- Single -pole, single- throw, normally 
open momentary- contact pushbutton 
switch 

S2- Single -pole, double -throw toggle 
switch 

SPKR 1 -8 -ohm, 3 -inch speaker 
Breadboard, wire, hardware, etc. 

control. It is essentially a single - 
pole, single- throw, normally open 
momentary- contact switch that is 

closed by the weight of a passing 
train. The recording plays once and 

stops until the train departs and 
returns. Of course, if the train is an 
express or stops for less than the 
length of the recording, the sound will 
cut off when the contactor opens. 

5 TO 20 VOLTS 
AC /DC 

Those who are familiar with model - 
train-detection circuits and methods 
could use other ways to activate the 
Talking Station. For example, an insulat- 
ed outer rail that is "grounded" to the 
other rail by the train's wheels can 
power the station without the adjust- 
ment headaches associated with the 
145C. If you have a two -rail system, such 
as HO or N scales, one of the many 
detector circuits that sense motor cur- 
rent or lamp current in lighted cars can 
activate a relay to power the Talking 
Station. Such circuits are beyond the 
scope of this article; information on 
them is widely available in the model - 
railroading community. 

The Talking Station is a very flexi- 
ble circuit and can be used in a 
number of ways to bring your lay- 
out to life. Experiment with different 
recording techniques and speaker 
placements until you find the most 
satisfactory combination. 

Now your model stations can 
actually yell, "All aboard!" P 

ROBOTICS WORKSHOP 
(continued from page 56) 

Using A Focusing Lens 
PIR sensors work by detecting elec- 

tromagnetic radiation in the infrared 
region, specifically about 5 to 15 microm- 
eters (5000 to 15,000 nanometers). 
Infrared radiation in this part of the 
spectrum can be focused using visible - 
light optics. While you can use a PIR 
device without focusing, you'll find that 
the range and sensitivity is greatly 
enhanced when you use a lens. Most 

motion detectors use a specially designed 
Fresnel lens to focus infrared radiation. 
The lens, a piece of plastic with grooves, is 
made to gather more light at the top than 
at the bottom. With this geometry and 
with the sensor mounted high and point- 
ing down, the motion detector is more 
sensitive to movement further away than 
right underneath. 

If you've gotten your PIR sensor 
from hacking a motion detector, you 
can use the same Fresnel lens for your 
robot. You may wish to invert the lens, 
in reverse of its usual orientation 

(because your robot will likely be near the 
ground, looking up). Or, you can substi- 
tute an ordinary positive -diopter lens and 
mount it in front of the PIR sensor. 
Note that, oddly enough, plastic lenses 
are probably the better choice than glass 
lenses. Several kinds of glass actively 
absorb infrared radiation. You may need 
to experiment with the lens material you 
use or obtain a specialty lens (either reg- 
ular or Fresnel) designed for use with 
PIR devices. 

Next month: ultrasonic sound, con- 
tact pressure sensors, and more. P 



SUPPLEMENT TO POPTRONICS DECEMBER 2000 

Poptronîcs ° 

SHOFFET71 
FTEiIIiwrim 

PCB Artwork 
Made Easy! 

PRINTED CIRCUIT DESIGN SOFTWARE 

For Windows and DOS 
Layout - Autorouting - Schematic - Circuit Simulation 

Visit our Website @ www.pcboards.net I 

For free DEMO and Information 

PCBoards (800)473-7227 
211014th Ave. South (205)933.1122 
Birmingham, AL 35205 

Perfect for the Pro or Hobbyist! 

FCC License Preparation 
RADIOTELEPHONE LICENSE 

Electronics Teelt,Avionics,Marine & Radar 
Homestudy- Fad -Easy & inexpensive. 
Manuels -Audio- Video- pcdisks -Q &As 

Guarantee Pass -see at www.wptfcc.com 
Details- 800 -800- 7555.WPT Publications 

4701 NE 47ST, Vancouver, W A.9R661 

ON SCREEN DISPLAY CHARACTER OVERLAY BOARD 

OSD -232 on board a radio 
controlled airplane! 

Intuitive Circuits, LLC 
2275 Brinston Troy, MI 48083 

(248) 524 -1918 
httpJ/www.icircuits.com 

Ever wish your LCD module 
could display more lines of text? 
OSD -232 is the solution! From 
any RS -232 serial source like 
a PC, PIC, or Basic Stamp, 
display 28 columns by 11 rows 
of information (308 characters 
total) directly onto any NTSC 
or optional PAL baseband 
(video in) television or VCR. 
OSD -232 can overlay mono- 
chrome text onto an incoming 
video source or display colored 
text on a self -generated colored 
background screen. 

OSD -232 $99.00 
Visa /Mastercard /Prepaid check 

g New -UId -stock l 4 r Tubes, Parts, s. I&, Supplies, SAF 
Speakers, Books, 

e á Transformers, 
Grill Cloth 
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6221 S. Maple Ave 
Tempe AZ, 85283 
ph. (480) 820 5411 
fax (480) 820 4643 
fax (8(81) 706 6789 

L.EEIAL 
Serial LCDs work great with BASIC Stamps® and 
other microcontrollers. One -wire interface simple 
serial protocol low cost high quality in stock 

BPI -216N 
2x16 text LCD 

2400/9600 bps 
$45 (non -backlit) 

Low Power, eis. 
face 

SGX -120L 
Mini graphics LCD 

2400/9600 bps 
just $99 

Many other models available -see www.seetron.com! 

Scott Edwards Electronics, Inc. 
www.seetron.com 520 -459 -4802 

Data Acquisition and Control 
The ADR series of Interfaces allow control of 
analog. digital and relay IJO via RS232 or RS485. 
VisR the web site for specs, applications and 
programs in VB, C, BASIC etc. (705) 671 -2852 

www.ontrak.net 
Ontrak Control Systems Inc. 

LASERS 
AT GREAT PRICES 

Complete Ruby Laser Assembly less than $300 

He -Ne Lasers, complete, for less than $50 

American 60X Argon Lasers from $595 

Laser Diode Modules from under $40 

X Y Scanners from $79 

FREE CATALOG 
Helium -Neon 
Argon Lasers 

Diode Lasers 

Holography 
Books 

Email: mlp@nlenx.com 

Ruby Lasers 

Scanners 
Lightshow Equipment 
Pointers 
Optics 

http://www.midwest-laser.com 

30 Day SrtId ados 

Midwest Laser Products c.t. 
P.O. Box 262, Frankfort, IL 60423 VISA / MC Amsted 

Phone: (815) 464 -0085 FAX: (815) 464 -0767 65 



Turn Your Multimedia PC into a Powerful 
Real -Time Audio Spectrum Analyzer 

Features 
20 kHz real -time bandwith 
Fast 32 bit executable 
Dual channel analysis 
High Resolution FFT 
Octave Analysis 
THD, THD +N, SNR measurements 
Signal Generation 
Triggering, Decimation 
Transfer Functions, Coherence 
Time Series, Spectrum Phase, 
and 3 -D Surface plots 
Real -Time Recording and 
Post -Processing modes 

Applications 
Distortion Analysis 
Frequency Response Testing 
Vibration Measurements 
Acoustic Research 

System Requirements 
486 CPU or greater 
8 MB RAM minimum 
Win. 95, NT, or Win. 3.1 + Win.32s 
Mouse and Math coprocessor 
16 bit sound card 

PHS 
Pioneer Hill Software 
24460 Mason Rd. 
Poulsbo, WA 98370 

a subsidiary of Sound Technology, Inc. 

Priced from $299 
(U.S. sales only - not for export/resale) 

DOWNLOAD FREE 30 DAY TRIAL! 
www. spectraplus. corn 

Sales: (360) 697 -3472 

Spectra Plus 
FFT Spectral Analysis System 

Fax: (360) 697 -7717 e -mail: pioneer@telebyte.com 

MOUSER' 
E L E C T R O N I C S 

Electronic components online 

Unbeatable 

PRICES! 

CABLE TV 
DESCRAMBLERS 

CONVERTERS FILTERS 
VIDEO STABILIZERS 

ßß[I > 30 Day Trial 

FREE > Product Catalog 
1 Year Warranty 

100% MONEY BACK GUARANTEE 

Let us point you in 
the right direction .. 

800 346 6873 
sales @ mouser.corn 

www.mouser.com 
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prow 
Technologies 

Omaha, Nebraska w 
TOLL F R E E 

888 -554 -ARROW 
888 -554 -2776 

Accredited B.S. Degree in 
Computers or Electronics 

by studying at Home 

Grantham College ofEngineering 
offers 3 distance education programs: 

B.S.E.T. emphasis in Electronics 
B.S.E.T. emphasis in Computers 
B.S. in Computer Science 

-Electronics Workbench Professional 5.0 
included in our B.S.E.T curriculums 
-Approved by more than 200 Companies, 
VA and Dantes, (tuition assistance avail.) 

For your free catalog of our programs dial 

1- 888 -919 -8181 Ext. 15 

http: / /www.grantham.edu 

GCE 
Your first step 
to help yourself 
better your future! 

Grantham College of Engineering 
34641 Grantham College Road 

Slidell, LA 70460 -6815 

340 East First Street 

Dayton, Ohio 45402 

A!-wo 14., 66n,.,.w M,L+N-rr 

Tons of 
Electronics 
Get your FREE catalog today and discover 
some of the best deals in electronics. We 
have thousands of items ranging from 
unique hard -to -find parts to standard 
production components. Call, write or 
fax today to start your subscription to 
one of the most unique catalogs in the 
industry, filled with super values on 
surplus electronic and hobbyist 
type items. i 

Checkout our 10,000 item on-line catalo. hit : /lwwwrneci.com 

Order Toll free ,n Call today! 

1-000-344-44ß5 1- 800 -344`6324 
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Low, Low Price 
Color CCD Video Camera 

Sharp # YH -7S50. New, 

NTSC, color CCD video 
camera. Ideal for 
surveillance or video 
conferencing. 2" dia. x 

3.35" long. Adjustable 
table -top stand. 6' cable 
with RCA plug for video and 
2.5mm I.D. coax plug for power. 
Operates on 4.5 -7 VDC © 1 Watt (Power 

supply not included). Features: 512 x 492 

pixels. 300 line resolution. 20 lux min. illumi- 

nation. Auto white balance. F2.2 lens. 3.8 

mm focal length. Manually adjustable focus 

from 30mm to infinity. CAT # VC-250 

$4375 
For power supply we suggest our regulated 

5.7 Vdc @ 700 ma. supply. Needs plug 

replacement to mate with camera. Appropriate 

connector and instructions are included. 

CAT # PS -577 $5.50 each 
20 or more $5.00 each 

20 or more $40.00 ea. 

Special Quantity Purchase 
Nickel -Metal Hydride 
AA "Flat -Top" Cells 

Panasonic # HHR -11AA0 
1.2 Volt, 1100 mAh "flat -top" rechargeable AA 

cells. These cells are designed for use in 

battery packs; they do not have the raised 

button found on most replaceable batteries. 
0.55" diameter X 1.95" long. Large quantity 
available. Two styles: 

REGULAR -FLAT TOP 
CAT # NMH -110 

each 
40pcs $1.25 120pcs $1.00 

800pcs 850 each 

SOLDER -TABBED 
CAT # NMH -110T 

$ 1 each 

r \ \1 7;;57,a 

40pcs $1.50 120pcs $1.25 
800+ $1.00 each 

UALITY Parts 

FAST Shipping 

CSDISCOUNT 
Pricing 

12 VDC 2.5 Amp 
Switching Power Supply 

Plug -in -wall regulated 
switching power supply. 
Ideal for cameras, 
scanners, cell phones, 
computers or any 
devices sensitive to 
power fluctuations. 
Input: 100 - 240 Vac. 
6 foot output cord has a 

coax DC power plug 
(2.1 mm ici, 5.5mm od). Tip 

positive. Ferrite snap -bead for 
EMI suppression. Compact, 3.23" x 2.23" x 

1.38" UL, CSA, CE. 

$10Tch 

CAT # PS -1225 

10 for $9.25 each 
100 for $8.50 each 

Modular CD Racks I 

Organize your CDs or CD 
ROMs with these high - 
impact, black plastic 
CD storage racks. Slots 
for 12 jewel cases.Each 
12 CD module can inter- 

lock vertically and 
horizontally with other 
modules. Can be free- 

standing or wall mounted. 

CAT# CDR -3 

10 for $17.50 
$20ó 

Laser Level 

Accurate and easy to use for short and long 

distance leveling. Center the bubble, and any- 

thing that intersects the beam is at exactly the 

same height. Use it to match heights in large 

rooms or across buildings. Set and align electri- 

cal and plumbing fixtures, cabinets and shelves. 

Rugged, black anodized aluminum housing with 

pocket clip. Locking push button switch to pre- 

vent unintended actuation. 
Includes two AAA batteries. 1695 
CAT # LL -1 P each 

CALL, WRITE, FAX 
or E -MAIL For A 

Free 96 
CATALOG. 

Outside the U.S.A 

Phone Line 
Privacy Protector 

Ora Electronics # MP -700 

Protects modem, fax and 
voice transmissions from 
interruption.Prevents eaves- 
dropping of phone conversations. 
The first device to answer or access a 

line secures the line. All of the others are 

denied access until the first device hangs -up. 

Easy to use. Installs in seconds between 

phone line and wall jack. Note: You need one 

unit for each instrument sharing a line. 

CAT # TLM -20 

each 

10 for $12.50 
100 for $90.00 

25 Amp (Used) 
Solid -State Relay 

Crouzet/ Gordos # G280D25 -49 

Control Voltage: 3 -8 Vdc 

Load: 25 A, 24 -280 Vac 

2.25" x 1.75" x 1" metal - 

backed epoxy package. 
Screw terminals. 
Back -to -back (dual) SCR output 
for severe inductive loads. False turn -on 

immunity and positive turn -off at high dv /dt. 

Removed from equipment. "Like -new" condi- 

tion. Although input is marked 3 -8 Vdc, will 

operate at 12 Vdc. UL, CSA, CE. 

CAT # SSRLY -2503U 0 
1 1 

0each 

I 10 for $100.00 I 

8 Ohm, 25 Watt 
Power Resistor 

Dale RH -25, 8 ohm 1 

Aluminum-encased --- 

precision power resistor. 
Body size, 1.07" x 0.57" x 

0.55" high. Solder lugs extend 1.9 ". 

Screw- mounts to chassis or heat sink for 

improved cooling efficiency. 50 
CAT # 8 -25 $ 1 each 

ORDER TOLL FREE 1-800-826-5432 
Shop ON -LINE www.allelectronics.com 

MAIL ORDERS TO: 

ALL ELECTRONICS CORP. 
P.O. BOX 567 VAN NUYS, CA 91408 -0567 

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 include California State Sales Tax NO C.O.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. 

FAX (818) 781 -2653 INFO (818) 904 -0524 

E -MAIL allcorp @allcorp.com 
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OtIEk 

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

CIRCLE 215 ON FREE INFORMATION CARD 
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suburban 
ELECTRONICS 

Large Selection of Batteries 
replacement Batteries for 

Camcorders, Cell Phones, Laptops, etc. 

Semi -C anductors, Transistors 
& Integrated Circuts 

Soldering Equipment 
Soldering & Desoidei ing 

Stations 

Temperature 
Controlled 

Soldering Staion 
SEW -351 $69.95 

Satellite Antenna Accessories 
Splitters, Diplexers & Amplifiers 

Electronic Tools, Tool Kits 
& Tool Cases 

To get a free catalog, 
visit us on the web at 

www.suburban- elect.com 
or call us at 

1 -800- 341 -5353 

OSCILLOSCOPE BLOW OUT 
B &K #2190A 100 MHz $899.00 
B &K #2160A 60 MHz $599.00 

Goldstar #0S9020P 20 MHz $299.00 

Test Equipment 
Oscilloscopes, 

Power Supplies & 
Power Invertors 

TEST EQUIPMENT 
3 &K #5390 True RMS Hand -held Digital Multi -meter $149.00 
SRV -5 5 -Amp Isolated Variable Transformer 0 -130V $99.95 

Pro's Electronic 
Tool Kit 
Includes 

Tools & Case 
SEW -900 $189.95 

Ilk 
RELAYS LIGHTS MOTORS EAS- -. 

TEMPERATUI E PRESSIRE LIGHT LEVELS HUMIDITY NPLAT 
SWITCH PO I -IONS TE ERMO ETATS LIQUID LEVELS 

MODEL 30 $79 MODEL 45 5189 
RS23: INTERFACE 

.,_.. 6 MORAL it* 
8 ANA[O9 DIMS 
2 ANALOG ourPUTS 

I 2 COUnTER524 BIT 

MODEL 15041 , ... 
R3232 INTERFACE 

HEMS, 20 AMPS 

t2 tM A/D 
OPTO ILOCATED 

20MPLETE DAIM 

MODEL 40 5109 

23 LINES D6n3L I/O 
i SAMAEDt ItP(TS 

'WM DUKT 

MODEL 70 $239 

BO A/U 
LS own 
LP TO 66 AMP /SEC 

Prairie Digital, Inc. 
PHONE 608 -643 -859) EAX 608 -643 -6754 

rIR( I F V FRRI INFO ThAATInMI rnnn 

RF Data Module 
AM Transmitter 

Sub Miniature module 
SAW Controlled 
No adjustable components 
Low current - 2.5mA 
Supply 2.5 -I2Vdc 

AM Receiver 
Compact Hybrid Module 

Very stable 
CMOS/riL output 
Patented Laser Trimmed 

5 Vdc. 0.8mA (HRR6) 

FM Transceiver 

II/All *sna' 

Doty 23 x 33 x l 1mm 
Up to 40.000bps data rate 

Up to 450ft. range. 
5V operation 
4I 8MHz or 433MHz FM 

RS232 Transceiver 
3wire RS232 interface 

I9.2Kbps half duplex 
418MHz or 433MHz FM 
7.5 -I 5Vdc. 20mA 
TX/RX Status LED's 

AM Transmitter 
.Range up to 250ft. 
SAW controlled stability 
Wide supply range 2 -I4V 
CMOS/iTL input 

4I8MHz or 433MHz 
Range up to 300ft 
CMOS/TiL data input 
7x11x4mm! 
AM -TX I -xxx .... S 12.60 

2kHz data rate 
Sensitivity -105dBm 
38x12x2mm 

A11.1-HRR6-xxx... S16.33 

5V CMOS logic interface 
Fast ImS enable 
Power saving feature 
Carrier Detect output 
BiM -xxx -F $87.36 

Up to 40011. range 
1/4 wave ant. on board 
User data packetizing 
58 x 40 x 15mm 
Cl'PHERNET.... $139.30 

Low current. 4mA typ. 
Up to 4kHz data rate 
Small: 17 x 1 Imm 
AM -RTS -xxx .... $12.10 

,1, ABAó OM 
OGIES 

Free Catalog 

tel: (416)236 3858 
fax: (416)236 8866 

www.abacom- tech.com 
MasterCard / VISA 
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Home 
Theater 

B!QBng 
F:PC`ï = .7 Z AUC't'Or1B 

THE SIGN OF INTELLIGENT LIFE 
IN THE UNIVERSE ... 

Big Bang offers top -quality name -brand electronic equipment and home theater 

components for lower prices than anywhere else in the galaxy, Priake contact today. 

CALL FOR A FREE CATALOG 

.,..d Toll Free 1- 888 -314.2620 N 

r'=] or www.bigbangelectronics.com 7 
TACTILE SOUND 

DON'T JUST WATCH THE MOVIE - FEEL THE MOVIE. 
Tactile Sound is sound you feel. It's the exhilarating 

rumble of F -16 afterburners, the gentle pluck 

of a guitar...it's every action and special 

effect built in to the movie's soundtrack. 

Now you can experience your favorite 

movies with your entire body. 

toner Denon MB Quart ' Philips Pioneer Denon 1 MB Quart Philip§ 

Rewritable CD Rom 

Pronto Intelligent/Universal 
Remote controls unlimited 

number of components 

MP3 Player records up to 

80 hours of music 

HandsFree 

PC Camera Cell Phone Holder /Charger 
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