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"Watch" TV with the
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Numerically -Controlled
Oscillators

Explore how they work by
building one from scratch
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CTOBER 2000

Virtual Lab

-

Real Results
Intuitive schematic capture
Fast, accurate analog/

digital simulation
Full- featured pcb layout

Built-in autorouting
CircuitMaker 2000 provides all the tools
necessary to quickly and easily design
circuits, test them in the real world and generate

prototype boards

- the complete virtual

electronics lab solution.

toe

virtual nlect:oii-c lab"

With all the features you'd expect from a

professional design system
ease -of -use,

you'll spend

- plus exceptional

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.
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Contact us for your Free
CircuitMaker 2000 brochure
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Upgrade from
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5,95

Comprehensive educational and computer -based
training packages also available

the

virtual electronics lab
Call your local Cir.uitMaker sales & support
center on

800 419 -4242

or visit www.circuitmiker.com
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29 AN FM/TV AUDIO RECEIVER
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How many times have you missed a
favorite television program because you
just couldn't get to a screen? Perhaps
you were in the kitchen or garage or
working outside. You couldn't (or didn't
want to) stop what you were doing, but
the task was mindless enough to make
television a welcome distraction. Now
you no longer need to worry that you
set the VCR properly. This small, battery-powered receiver can fit in a shirt
pocket with the right case. By changing a few select components,
you can tune in different TV or FM -radio bands. What better way
to pass the afternoon than listening to soap operas while weeding
the garden ? Anthony J. Caristi

-

37 LOOKING AHEAD TO DTV: PART 2
The first part of this technological look behind the scenes of the
digital- television standard took the video and audio signals, digitized them, compressed them, and squeezed them down to a
fraction of their original size. This month, we chop them up, pack
them together, and send them out over the airwaves to appear
soon on a digital television near you. -Geophrey McComis
45 GETTING INSIDE AN NCO
Numerically- controlled oscillators are usually "unsung heroes"
when it comes to generating an accurate waveform over a wide
frequency range. Not only do we tell you all about how NCOs are
designed, you get your hands dirty by building an actual NCO
from discrete parts
learning experience much more valuable
than buying a single -chip device off the shelf. -Tom Napier
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NET WATCH

Kick tires, peek under hoods, and 'test" shocks as Joe Black
shops for a new car on line.
8

SURVEYING THE DIGITAL DOMAIN

-

Before Reid Goldsborough tries out Web -based applications, he
tells you how your PC is out to get you physically.
11

COMPUTER BITS

Ted Needleman ties every computer in the house together with a
"network in a box" kit.

13

PEAK COMPUTING

When Ted Needleman gets tired of crawling around the back of
his computer to access the ports, he brings them "up close and
personal" with some handy port- replication hardware.

17 PROTOTYPE
Telescope mirrors, compressing medical images, rewritable DVDs,
right- and left- handed nanoclusters, software for "designer genes,"
a history of `green" chemistry.
Q &A
Problems and their solutions from Michael Covington, the

21

Poptronics 'Answer Man."
51

ROBOTICS WORKSHOP

Gordon McComb's position on servomotors in robotics...depends
on the size and accuracy of the unit! After he shows you how to
work with them, you can choose a position of your own-or make
them free-wheeling.

PRODUCT REVIEWS

55 AMAZING SCIENCE
John lovine "wrecks a nice beach" with a circuit to "recognize
speech."

3
GIZMO®
"Top -end" CD Player, mood lights, handheld GPS system, flat screen monitor, digital -audio jukebox, wireless GyroMouse, emer-

60 SERVICE CLINIC
Sam Goldwasser takes control of your VCR's play and record

gency batteries, multi- channel speaker system, TVNCR combination, Internet privacy software.

AND MORE

problems.

63 BASIC CIRCUITRY
Tum off those sirens! Charles Rakes is alerting us about alarm circuits!
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Whose Copyright Is

It,

Anyway?

recently received an interesting e -mail from a Chris Rupert, who said: "From the
August 2000 editorial comment, gather that you have no objection to people taking
copyrighted music, converting it to .MP3 format, and making it available free of charge
to anyone on the Internet. can only assume, then, that you wouldn't mind if scanned
an entire issue of Poptronics and put it on the Internet for all to enjoy."
thought about that for a while. Not only was it a response to Gary Shapiro's guest
editorial, it was probably a reaction to that day's news concerning the court-ordered
event that will likely be `old news" by the time you read this.
shutdown of Napster
In my response, pointed out that our guest editor was expressing his frustration
with how the copyright holders are, by holding back technology, preventing wide dissemination of public- domain content. Two hundred years ago, the American Founding
Fathers established the ability to copyright a work for the purposes of enriching society (the 'We the people" part of the US Constitution). The idea is that all created works
of art-music, pictures, books, etc. -will become part of the "public domain," but that
the original creator has the chance to profit from his/her work. In that way, the creation
of artistic works is encouraged; artists are able to earn compensation for their effort;
and everyone benefits in the long term.
For all of the bad taint that the .MP3 format had garnered over the "ripping" of copyrighted CD-audio tracks, there is also a "good" aspect to it. Many "garage bands" and
individual musicians who aren't signed with a record label have distributed their original compositions and performances over the Internet using the .MP3 format. Whether
they are "good" or "bad" in terms of their song-writing and/or playing ability, their contributions have enriched society. They shouldn't be lumped together with the "rippers"
and get banned outright.
Our society is in the throes of working out these issues right now. The various sides
are just seen in black and white, while the various shades of gray are being ignored.
If history is any sort of teacher, the balance between access and protection will eventually sort itself out. That process, however, is not automatic; as the old saying goes,
"If good does nothing, evil wins every time."
In part of his response to my reply, Mr. Rupert agreed with my clarification of Mr.
Shapiro's position, but pointed out that `There is definitely a `copyright holders are selfish and greedy' under- (over -) tone to the article." He's got a point. The original concept of copyright was meant to protect the creators of the works. Nowadays, it seems
that the copyright holders-at least those in the news who are most vocal about stolen
copyrights-usually have little, if anything, to do with creativity.
Mr. Rupert further pointed out: "Sites like mp3.com are the wave of the future. This
site actually pays the artist by the download, bypassing the recording industry behemoth entirely (perhaps this is why record companies are so up in arms over the new
format). Any artist can upload his music here; and if people like it, they download it. If
not, they move on. This is a great opportunity for the musician to ply his trade without
being in debt to record companies or having to be subject to their brand of creativity.
"I do not fear the new technology; in fact, it's quite the opposite. I'm currently working on a CD of my own, and can't wait to upload my music in .MP3 format to sites like
mp3.com potentially reaching a wider audience than could have imagined only a few
years ago."
know how he feels about reaching an audience, since co-authored one science fiction novel and have another in the works.The Internet has provided the opportunity
and means to distribute such material.
Thanks for the correspondence, Chris. Not only did you make some very good
observations on this complex issue, you helped save us all from what might have been
a dull and boring editorial!
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of the equipment and circuitry
described in POPTRONICS may relate to or be
covered by U.S. patents, POPTRONICS disclaims
any liability for the infringement of such patents by
the making, using, or selling of such equipment or
circuitry, and suggests that anyone interested in
such projects consult a patent attorney.
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GIZAIQ®
Superlative Super-Audio CD Player
Marantz makes its Super-Audio CD debut with the Reference Series SA -I
SACD player ($7500). It uses Direct Stream Digital (DSD) technology and
has a sampling rate of 2.822 MHz (compared to the 44.1 kHz sampling
rate of conventional CDs).The SACD format can deliver both frequency response -from DC to over 00 kHz -and dynamic range that are
greater than 120 dB, resulting in clear, detailed, realistic music reproduction.
Azgaisammatmswiximiat
Boasting audiophile -grade design and construction, the SA -1 uses premium optics and digital decoding circuitry for exceptional data- retrieval accuracy and resolution. It also is said to provide
excellent playback quality from standard CDs.The player provides a full complement of CD program and play functions.
Interior components were selected for maximum sonic purity, and copper shielding is used extensively to block
unwanted EMI and RFI. The SA -1 's heavy -duty chassis -with aluminum alloy top, side, and front panels, copper-plated
double -layer steel bottom plate, and shock -absorbing feet -damps unwanted internal vibrations, as well as reducing
mechanically induced jitter.
Marantz America, 440 Medinah Road, Roselle, IL 60172 -2330; 630 -307 -3100; www.marantzamerica.com.
o
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At first glance, it might look like

the Mood
-a

high -tech light fixture
milky
white globe resting atop a sculpted black base. But twist the knobs protruding from that base, and the LuminArt (about $ 190) changes color.
One knob lets you dial in any color of the spectrum, and another lets
,7
%f
you vary the color's intensity-from blush pink to fiery red, for instance.
/m
Based on new age color theory and the psychodynamics of color, the
design of the LuminArt reflects the mood and personality of the user.
Meant to serve as an interactive focal point and to make a design statement, the color- changing light sculpture allows
you to define the atmosphere and set the mood in any room.
LuminArt, 518 Edens Lane, Northfield, IL 60093; 847 -441 -3260; www.luminart.net.
CIRCLE
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Portable Navigator
Find your way, without finding yourself in the red, with the GPS 310 handheld
satellite navigator, which carries a suggested retail price of $ 9.99. Its data -output capabilities make it compatible with most popular PC navigation software,
and it comes with a coupon for a free data cable. On land or offshore, the GPS
310 can be used as a primary navigational tool or as a backup. Its "navigation"
screen displays your speed, the direction in which you are traveling, and the distance remaining to your destination.
The device stores up to 100 of your favorite locations and one reversible
route with up to ten Iegs.The rocker keypad and dedicated GO TO, MARK, MENU,
and NAV buttons make it easy to save, name, and return to landmarks. The "position" screen displays location information in latitude/longitude or Universal Transverse
Mercator (UTM) Map Coordinate System coordinates and also displays satellite
status, including elevations. The I2- channel receiver is waterproof
fact, it
floats.Two AA batteries provide power for up to 20 hours.
Magellan Corp., 960 Overland Court, San Dimas, CA 91773; 909 -394 -5000;
I

1
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www.magellangps.com.
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GIZMO®
Low -Cost

17 -Inch TFT

Monitor

Prices continue to drop on flat-screen TFT monitors.The SyncMaster 770TFT lists at $1454.
The monitor presents the equivalent viewing area of a traditional 19 -inch CRT display. It offers
a 160- degree viewing angle, Sun Micro and SGI compatibility, and affordable options for USB
and multimedia stereo speakers.The unit is only 2.5- inches thick and 8 inches at its base.The
monitor draws 40 watts and comes with a three -year parts and labor warranty.
Samsung Electronics America, Inc., 105 Challenger Road, Ridgefield Park, NJ 07660-0511;
800 -SAMSUNG; www.samsungmonitor.com.
CIRCLE 53 ON FREE INFORMATION CARD

Digital Music Deck
What may be the world's first home -networked digital
appliance-the Turtle Beach AudioTron -was recently intro duced. The device transmits and receives data via standard
in -wall phone lines and is able to organize and play an unlimited number of digital music files stored on the owner's personal computer or found on the Internet.
In the process, the PC becomes a huge music jukebox, delivering music to any room in which the AudioTron resides.Although no definite release date or pricing had been announced
by the time this was written, the AudioTron is expected to be available well before the holiday season.
Voyetra Turtle Beach, Inc., 5 Odell Plaza,Yonkers, NY 10701; 800 -233 -9377 or 914- 966 -0600; www.AudioTron.net.
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Wireless GyroMouse
This wireless, motion -sensing pointing device, the GyroMouse Pro ($99), is based on a solid state gyroscope sensor that precisely controls the cursor on the screen by detecting natural, ordinary hand motions. Advanced radio -control technology gives users the freedom to
roam around the room with no required line -of-sight to their computers. It should be great
for presentations, classrooms, and everyday computer use.
Gyration, 12930 Saratoga Ave., Building C, Saratoga, CA 95070; 800 -316 -5432 or 408255 -3016; www.gyration.com.
CIRCLE 55 ON FREE INFORMATION CARD

Roadside Assistance
-or

other roadside- assistance or automatic
Keep your portable GPS navigator
good working order even under harsh conditions with Pulses Plus
mayday system
lithium batteries. Most emergency roadside assistance devices are powered by the
vehicle's main battery. In an accident or in extremely cold weather, the car's battery

-in

can be disabled, leaving the driver stranded. A Pulses Plus battery, engineered to withstand extreme temperatures, can serve either as backup or as the primary power source.
Pulses Plus batteries are specifically designed to deliver the high voltage, high capac-

lower self- discharge required by GPS- and RFID -based systems. Combining
lithium- thionyl-chloride chemistry, a hermetically sealed hybrid-layer capacitor (HLC),
and bobbin -type construction, the batteries are said to deliver greater performance
and safety compared to spiral -wound batteries. Pulses Plus batteries come in a variety of configurations, including cylindrical cells and battery packs, and are available in
sizes and capacity ranges to meet virtually any requirement For information on prices,
contact the company, go to their Web site or check your local store.
Tadiran, 2 Seaview Boulevard., Port Washington, NY 1050; 800 -537 -1368;
ity, and

1

www.tadiranbat.com.
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GIZMO®
Big Sound, Small Package
The System T 70 delivers high -performance sound from
ultra- compact home- theater system that's priced just
under $ 000. The system includes center, left and right
front, and surround speakers, as well as a 25-watt powered
subwoofer The five satellite speakers are all two -way suspension designs in tiny enclosures whose size and MDF construction make them acoustically inert.
Due to their rigid enclosures and tiny baffles, the small front
speakers, T70 LR, are said to deliver both unusually natural
sound and excellent imaging. A proprietary one -inch silk -dome
tweeter provides a smooth, extended frequency response.
The center-channel speaker,T 70 C, features an adjustable
tilting base that lets you aim the speaker up or down to
attain maximum performance. It uses the same tweeter and two of the same woofers as the T 70 LRs, ensuring that all
three front speakers will have the same tonal balance.
The TriVector design of the T 70 SR surround speakers uses a single forward- facing woofer/midrange to deliver a
direct, easily localized sound pattern, coupled with two phase- compensated side -firing tweeters that produce a diffuse
sound field.That combination allows the T 70 SR to be placed almost anywhere in the room.
A special feature of the acoustic -suspension subwoofer,T 70 PBM, is its 125 -watt, custom -built, discrete component
amplifier that is precisely matched to its 10 -inch driver.The powered bass module offers signal- sensing auto -turnoff, an
absolute -phase (polarity) switch, controls for level and crossover frequency, and high- and low -level inputs and throughputs for easy connection to home -theater electronics.
Atlantic Technology, 343 Vanderbilt Ave., Norwood, MA 02062; 781 -762 -6300; www.atlantictechnologycom.
an
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TV/VCR COMBIPLAYER

-it

We can't imagine our kitchen without a TV /VCR
allows everyone to peacefully
coexist in the same room, kids happily watching a video while we cook or pay bills. The
20 -inch PV-C2080 ($399.95) adds a few convenience features that our old combiplayer
didn't have. Its four-head, hi -fi VCR is equipped with VCR Plus+ for easy programming.
And the set offers a feature called Wireless Audio that uses a built -in FM transmitter to send the audio signal from the set to the tuner of a separate sound system
or portable stereo. If you tune it to an unused FM station, your seven -year -old can
use a headphone portable and watch Pokemon, for instance, without disturbing his
older siblings' homework sessions or subjecting you to the sound of the "Poké Rap"
while you're prepping dinner. Place the PV-C2080 in a bedroom that's also home to a bookshelf stereo,
and you can listen to "home- theater" sound. For quiet bedroom listening, transmit the TV dialog to your bedside clock radio.
Panasonic USA, One Panasonic Way, Secaucus, NJ 07094 -2999; 800 -21 -PANA; www. panasonic.com.
I
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Secure Privacy on the Web
Consumers take control of their online identity through Privada Proxy, a suite
of fully -private Web -surfing and e-mail services for anyone concerned about privacy protection. The upgraded 2.0 version allows users to manage "cookies" or
block, unblock and delete them as they wish.
The software certifies the identity of the sender, while protecting that person's identity and personal information from everyone -including Privada. The
cost is $4 per month for both Privada Web and Privada Messaging.
Privada, 3099 N. First St., Second Floor, San Jose, CA 95134; 877 -PRIVADA or
408 -577 -1820; www.privada.com,
CIRCLE 59 ON FREE INFORMATION CARD
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Buying a new car is an experience! Rarely is it a good experi-

matter how well we
shop; no matter how hard we bargain; no matter how much we
compare; when all is said and
done, we are never sure that we
got the right car at the right price.
Often, the only observations we
can make when we look back on
the experience is how long it took,
how many dealerships we visited,
and how much it cost.
I'm not in the market for a new
knew that
car right now, but
somewhere on the Internet, would
find an easier way to shop -and
did. I've visited at least ten sites
that offer a way to buy a new
car-"at the lowest price." Now,
can't confirm that you will actually
get the lowest price, but can tell
you where to shop and what you
will find there. I've taken the three
most interesting Web sites -most
interesting to me, of course -and
tried them out.
Here is a brief report on what
found. believe that they will save
you money. believe that they will
save you time. believe that when
you finish shopping and finally buy
that car, you will be a lot happier,
more relaxed, and you will have a
little more money in your bank
account.
ence.

For no

Welcome to Autoweb.cum
Autoweb, cot., the interoets premier automotive site, puts you in control of the car-buying procees. Wo
provide a wealth of unbiased researcn to help aou find and purchase the right car on your own terms,
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Autoweb has a clean page design where you're just a click away from any type of information tha
you'd need when researching and buying a car

I

I

I

I

I

I

AUTOWEB.COM
I

was only interested in buying a

new-not "pre- owned" -car, so
only checked out the areas labeled
"Research," "Buy," and "Finance &
Insurance." Since already had deI

6

I

cided on a make and model, went
directly to the "Free Lemon Check"
to make sure that my choice was not
there. Then i1 was on to "Buy New
Auto," "Rebates and Incentives,"
"Finance," " hsurance," and finally
I

"Extended Warranty." When was
done, was ready to buy. As said
before, was not really looking for a
new car, but sure thought that this
was one place to check the next
time was in the market.
I

I

I

I

I

I

NEWCARSLOWEST
PRICE.COM

ed, and

I

do have some-not a

lot -quibbles with myself about shopping for cars at a dealership, deciding on the make and model, and

then going home and going online
to buy. Nevertheless, the dollars save
are mine, so wouldn't feel too
badly about it.
Maybe what the car manufacturers need to do is to set up display
rooms in every city so you can look,
compare, and perhaps even test
I

I

HOT SITES

Here, the claim at the top of the
opening page is "Buy or Lease Any
New Car or Truck at the Absolute

by Phone or Online,
Delivered to Your Door." Sounds
really
great to me. Of course,
needed to have some idea of
what wanted to buy before startLOWEST Price,

Automall
www.automall.com
Autoweb
www.autoweb.com

I

I

I

New Cars, Lowest Price
www. newcarslowestprice. corn

Buy or Lease Any New Car or Truck at the Absolute LOWEST
Price, by Phone or Online...Delivered To Your Door.

FREE BROCHURE

1-800-

;::.°7564CAR
...

__

you bargained for. The three sites
that we have covered here, however, are complete and comprehensive. They appear to deliver
what they claim, are easy to navigate, and provide lots of illustrations
and help. One of them, automall.
corn, even makes it possible to
complete your deal by telephone if
you need the reassurance of a
human being.
As said at the beginning, have
not personally used any of these
services. If you have any experience
with any of them or with any of the
many others not mentioned here,
send your comments to me at net
watch@gernsback.com, Let me know
about any other sites that you like
or prefer and tell me why.
While we're on the subject of
cars, I've been told that there are
some Web sites that will arrange to
have your car painted and turned
into a mobile billboard, but have
not been able to find any of them.
If you have heard of such a site, let
me know. understand that a mobile
billboard can be paid as much as
$400 a month for the service, and
that sounds a lot like a free new car
to me.
Till next time.
P
I
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SAVE THOUSANDS OF DOLLARS ON YOUR NEW CAR
New car buyng has never been easier and more affordable. Serving as your professional new car buyer, we
"Research and Determine" the Absolute LOWEST PRICE for your exact new vehicle from thousands of new car
dealers.
WEh our professional car buying services, you get the Absolute LCANEST PRICE! Lower than wholesale, Lower

than fleet, Lower than autornakers advertised prices and payments, even hundreds to thousands of dollars BELOW
actual dealer Invoice cost based on hidden factory to dealer rebateu.. Money -Back Guaranteed!
Avoid All Retail Car Salesman and Avoid Paying that Commissions. This wit save

40110.2111

The award for "slickest-looking Web -page interface" of our three sites would have to go to New
Cars, Lowest Price. Just grab that shift lever and grind your gears through everything that they have
to offer. If you want to speak to a human, just be careful not to use that cell phone while driving!

I

I

I

drive, and then go home to shop
on your computer screen. Although
I'm sure that the independently-owned
dealerships would love to see that!
Again, did not actually buy a
car from this site so can't tell you
anything about the Absolute Lowest
Price or the Money-Back Guarantee,
but this sure is a place to look.

repairs, if needed, and that, right
now, is probably a good thing. One

of the problems that comes to my
mind in buying a car over the
Internet is whom do take it to during the warranty? Sure, the dealer
gets paid for warranty work, but will
he give an Internet buyer the same
service as one of his regular customers? A thought to ponder.

I

I

I

AUTOMALL.COM

DRIVE IT ON HOME

was the last stop on my
shopping tour. The major difference
here is that after you go through
the selection process, your quote
comes from a dealer in your local
area. The dealership is probably
where you will go for warranty
This

on. ..ho,

There are a lot more new car
sites out there. Go to your favorite

search engine and look for "Buy
New Car," Remember to specify
"search for the exact phrase" or
you are going to get more than
to,w,eve

Bur new
Buy User,

Sell Your car
Auto Accessories
Research
Finance Center
r 000,ance Quotes
WArrant,e,

I
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Welcome to the new car buying page. For a free pnca q.aote from a dealer in your area, select
the make in which you are interested, than click on the 'NEXT STEP' button. Still shopping? Visit
our Research page or go to Autowab Yom's new car page.
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MULTIMEDIA

on the PC!
What is Multimedia? What car
it do for you? It can do lot:
of nice things! This 184 -pagE
book helps you create your owr
multimedia presentation. Multimedia applications by people like you car
revolutionize educational and business applications as
well bring more FUN, FUN, FUN into your leisure
computer activities.

rMail coupon to:
Electronics Technology Today, Inc.
P.O. Box 240

Massapequa Park, NY 11762 -0240
Please send me my copy of Multimedia on the PC
(PCP120). enclose a check or money order for $18.45 to
cover the book's cost and shipping-and -handling expenses. NY state residents must add local sales tax.
I

Name
by

Nñve.b,nm

Address
City

Repair
Your Credo,

Auto Mull might not have the fanciest (read: slowest-downloading) graphics on the Internet, but at
least your car comes from a local dealership -an important consideration for any possible warranty

work down the road.

State

ZIP

All orders must be paid in U.S. funds only. Sorry, no
orders accepted outside of USA and Canada. Please allow

6-8 weeks for delivery.
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POWER oF WEb COMpUTiNq
happens to drop on
your head while you're walking
on the sidewalk, personal computers can't kill you. Nevertheless, they
can hurt you badly. Every year nearly
two million people suffer work-related musculoskeletal disorders, including
repetitive -strain injury caused by com-

U

nless one

typing Injury FAO Ilume Page

-

F
Typtng_lnjury
j

puter use, according to the U.S.
Occupational Safety and Health
Administration (OSHA). From spending long hours evaluating hardware,
software, and Web sites, reading online
publications, exchanging e-mail, and
participating in online discussions,
I've experienced my own fair share
of computer -related maladies.
OSHA may have flip -flopped
recently on whether employers are
responsible for the ergonomic health
of PC -using employees who work in
home offices-first ruling they were,
and then backing off. Nevertheless,
the fact remains that if you spend
any amount of time with a PC,
regardless of where you work (or
play), it behooves you to give some
thought to how you do so.
"You don't want to find yourself
in a situation where you can't get
yourself dressed, feed yourself, or
hug your children," says Deborah
Quilter, author of The Repetitive Strain
Injury Recovery Book. Good equipment helps, but according to the
advice of experts and my own
experience, your work habits are as

8

important.
Many people use ergonomic keyboards such as Microsoft's Natural
Keyboard, but they're no panacea.
A study a few years ago by CTDNews, a publication about cumulative trauma disorders, concluded

Microsoft Interne, Explorer

The RSI Community's Online Resource
ïoe...Ago
Ogriasie

The Typing Injury FAQ (frequendy asked quesoons) r an educational site, provided by the CFD Resource Network Inc.
contanung a wade stoney of information about repetitive Aram =Junes (1lS1s), resources for dealing weh these aliments, and
broad descrspbon of assiern products to reduce ogury risk end symptoms. (see About TIFAQ for more mf rnaaon)
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whole resource possible.

RSI Network newsletter

FeedAark
This website a for educatonal pwposes only, does not pentole meäcal alerce, and must not replace the diagnosis and proper
RSIS- (see Duclamers)
neamnent from [reined health profesnonels familiar
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The Web contains much helpful information on Repetitive Strain Injury and other computer - related
afflictions

that ergonomic keyboards don't
decrease the risk of wrist and other
injuries at all, though ergonomic -keyboard manufacturers point to
other studies that contradict this.
More important than what keyboard you use is how you use it. The
cardinal rule is: Keep your wrists
straight. For years, I've used a keyboard -wrist support to prevent my
wrists from bending upward when
typing. Even so, four years ago

I

developed the beginnings of ten dinitis in my left wrist from mousing
around too much.
saw an orthopedic -hand specialist, and tested about a dozen
ergonomic mice, trackballs, and
I

I

keyboard -trackball combinations.
What eventually solved this problem was simply puffing three paperback books in front of a regular
mouse, again to prevent upward
wrist bending, and doing wrist exercises every time went to the gym.
About a year later, developed a
painful case of thoracic-outlet syndrome in my right shoulder, which was
caused by holding my left arm higher
than my right at the computer. solved
this by having a custom three -inchhigh keyboard wrist support built at a
local lumber-supply shop, which helps
keep my right and left shoulders in
balance, and by paying closer attention to my posture.
I

I

I
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Welcome to the Future of Software!

Introducing Personable.com's revolutionary software
service. Personable.com enables you to instantly access your
own Windows 2000 virtual desktop on our servers, offering
Microsoft Office 2000 Suites and other software already
installed and ready to be used. You select and rent the software
you need, when you need it, and for however long you need to

it.'

use

Whether it is for personal use or business needs, with
Personable.com, you have instant access to your desktop on the
Internet and the latest software anytime, anywhere. Focus on
what you need to do, and let us manage software installation
and upgrades, systems maintenance, and daily file back -ups.
Personable.com offers Individual subscriptions for personal use
or individuals working horn home, and Corporate subscriptions
to accommodate multiple users in business enterprises. Find out
why this is the wave of the future. Click on Individual or
fnrnnraho Rn Sinn lin far vnr rr Prcnnahla arrnrrnf hnriavl
,i)t;e.Meï

jeStartl

A

1;1

jT MioosogWordpo... (IjPersonebie. rom...

Sites like Personable let you "rent" major applications for u monthly j

Some experts, including Quilter,
feel that the best thing you can do
for your health around computers is
to stop using them, though this of
course is impractical for most people. At the least, take frequent breaks
and heed grandma's advice: Posture
counts. Always sit up straight with your
shoulders and head back, your feet
flat on the floor or a footrest, and your
forearms parallel to the floor.
Mice cause the most injuries,
says Quilter. You can reduce mousing by using the keyboard shortcuts
included with most programs or a
macro program such as the free
Typeltln, at www.wavget.com /type
itin.html, or the commercial QuicKeys,
at wwwquickeys.com. Speech- recognition software, though improving, still
hasn't progressed to the point where
it can efficiently eliminate mousing
and typing for most users.
While sitting, you need to protect
your assets too. Ergonomic chairs that
are adjustable in multiple ways help
prevent back problems, but still regularly bruise the discs in my lower
back from sitting too long. What
works best for me in preventing this is
remembering to take breaks and
stretch, keeping my stomach and
back muscles strong through exercise, and having my back massaged
at the end of the day.
I

t4410Pe
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use over the Web.

another area at risk when
computing. There has never been
any conclusive evidence that radiation from computer monitors leads to
health problems. However, staring
at a computer screen can cause
eyestrain and, because it's a type
of close work, can worsen nearsightedness. My own glasses have
grown considerably thicker since
bought my first PC nearly 15 years
ago. Experts say your most eye friendly moves are to stay a foot and -a -half away from the monitor,
minimize screen glare by positioning external lighting to the side,
and to rest periodically.
Computers are great, when
they're not a pain in the neck, the
back. the wrists, the eyes... Check
out the Typing Injury FAQ, at
www.tifaq.com, and Harvard RSI
Action, at www.rsi.deas.harvard.edu,
for more tips.

you access these programs, called
Web apps, through the Internet.
tt works this way: Instead of installing
computer applications or programs
onto the hard disk of your computer, you log onto a Web site and use
apps that are installed there, which
are password protected. You access
some Web apps through your Web
browser and others through a custom interface. You can print and
sometimes save data to your own
hard drive, but the bulk of the processing occurs at a distant server.
The benefits are that you out source the chore of software maintenance to others and that you
can access your apps and data with
any computer connected to the
Internet. The drawbacks are that if
you're not connected, you're not
computing; and that even when you
are connected, unless you have a
fast connection you'll incur a sizable
speed penalty.
POINT AND CLICK

Eyes are

I

COMPUTING FROM
THE WEB
What's old is new again. In the
old days of computers, you used a
"dumb terminal" and rented processing time with a big mainframe
computer. Today, you can once again
use a computer with minimal processing power and run programs
that reside elsewhere. Only today,

Excite Planner
planner excite. corn
Harvard RSI Action
www.rsi.deas.harvard.edu

NetLedger
www.netledger.com

NetStudio
www.netstudio.com

Personable
www.personable.com

Quicken TurboTax for the Web
www. turbotax. corn

QuicKeys
www. quickeys. corn

SmartOnline
www.smartonline.com

StarOffice
www.sun.com/staroffice

Thinter
www. thinter.net

Typeltln
www. wavget.com/typeitin.html
Typing Injury FAQ
www. tifaq.com

X:Drive
www.xdrive.com
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Microsoft Office for fees ranging
from $9.95 to $24.95 per month, plus
access and usage fees charged by
the site itself.
Sun Microsystems

is

Microsoft's main

competition in online office apps.
Its StarOffice suite is available as a
free download at www.sun.com/
staroffice. You can also run it as a
Web app for $30 per month at the
application service provider Thinter.
net, at www,thinter.net,
Office suites are complex programs, so don't expect stellar performance over the Web. Microsoft
Office was agonizingly slow over a
56K modem, particularly with Word
tables and Excel worksheets. also
tested it over a cable modem, and
though the speed increased considerably, the going was still slower
than normal. Still, Web productivity
apps are worth considering for individuals with older hardware or
I

StorOffiot learning Solutions
'..nom Sun Educatwnd Senricea. Includes accessto
tare FREE Sun Web Learning Center/moll courses

PROUIICiS

P

Instead of renting or leasing Web -based applications, fullfeatured office suites like StarOffice from
Sun Microsystems install on your local hard drive. Not only does that result in a more responsive
application, the price is right. -free! StarOffice has another advantage over Microsoft Office-it's
available for different operating systems such as Solaris and Linux.
-

The biggest players in the software industry are getting involved,
including Microsoft. Bill Gates says
the reason he recently quit his post
as Microsoft's chief executive officer was to spend more time developing the Web versions of Microsoft's
products. (Many analysts, however,
believe that another, perhaps overriding, reason was Gates' desire to
influence the U.S. Justice Department
as it weighs penalties against the
software behemoth for abusing its
alleged monopoly power.)
Today many Web apps are free,
though larger or specialized apps
can require fees. The first Web apps
were e-mail programs such as
Hotmail. Some of the handiest Web
apps today are those that help
manage your personal information,
whether you're a home or business
user.

Excite Planner, at planner,exc
is the best Web app of this
kind that I've found. It tracks your
schedule, contacts, to -do items,
and notes and also synchronizes

ite.com,

with Microsoft Outlook and the
Palm hand-held devices. SmartOnline.
corn, at www.smartonline. corn, is
more business oriented. It not only
lets you create a calendar and todo list, but also provides business
to letters, legal forms, business and

marketing plan generators, and an
incorporation guide.
Other Web apps are more focused,
performing just a single task. X:Drive, at
www.xdrive.com, is the best site
providing off-site storage, which is
convenient for sharing documents
or backing up a few files. X:Drive
distinguishes itself by letting you use
an interface familiar to you, whether
it's Windows Explorer or a third -party
utility such as Mijenix's PowerDesk.
NetStudio,com, at wwwnelstudo.com,
helps you create Web graphics such

limited hard -disk space, casual users
who need a program for a short
time, newer or smaller companies
who want to use industrial-strength
applications without committing significantflnancial or personnel resources,
and larger companies seeking stable and predictable software costs.
Thus far, Web apps have been
more popular with individuals than

companies, though more companies are expected to embrace them
in the future. Application service
providers such as Digex are attracting millions of dollars in investments
from big names such as Compaq
and Microsoft.
P

as buttons, headings, banners, and
photos. Quicken TurboTax for the

Web, at www.turbotax.com, provides forms and help for completing your income taxes. Filling out a
1040EZ is free. A more complex return
costs $9.95, and a state return costs
another $9.95. NetLedger, at www.
netledger,com, lets you and your
coworkers work on the company's
books from any location.
Office suites such as Microsoft
Office are beginning to become
available on the Web as well, through
"application- service pro-viders." But
don't expect Microsoft to give away
its cash cow for free. It derives more
than one -third of its income from
Microsoft Office, according to analysts. At Person -able.com (www.
personable,com), you can rent

ELECTRONIC
SECURITY DEVICES
great book for project
F t t.ctfOegiG
builders. It is quite common to
Security
Oeedces
associate the term "Security
Devices" with burglar alarms of
various types. However in fact it
can refer to any piece of equipment that helps to protect people or property. The text is divided into three basic sections:
Chapter 1 covers switch- activated burglar alarms and includes
exit and entry delays. Chapter 2
discusses other types of burglar
alarms and includes Infra-Red, Ultrasonic and DopplerShift Systems. Chapter 3 covers other types of security
devices such as Smoke and Gas Detectors; Water,
Temperature and Baby Alarms; Doorphones, etc. Most
circuits are simple, and stripboard layouts are provided.
A

To order Book BP56 and send $5.99 includes shipping
and handling in the U.S. and Canada only to
Electronics Technology Today Inc., P.O. Box 240,

Massapequa Park. NY 11762 -0240. Payment in U.S.
funds by U.S. Bank check or International Money Order.
Please allow 6-8 weeks for delivery.
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TED NEEDLEMAN

mailto: eomputerbits@gernsback.com

RML Nrrwoutks, RML Quick
more than a dozen PCs
generally residing in my
house, there's always something
on one PC that someone in the
house needs on another system.
With

These PCs are distributed across
three floors, and from one side of
the house to another. Obviously,
my household is a prime candidate

for networking, and indeed, we've
been playing with networks of one
kind or another for years.
The most recent networks that
we've installed here have revolved
around the telephone wiring that
resides within the walls. Back in the
beginning of the year, detailed an
Intel AnyPoint phone -line network.
This network ran at 1- Megabit per
second or about a tenth as fast as
the slower of the two Ethernet wired
networking protocols- 10BASE -T and
100- BASE -T. In the interim, Intel and
other vendors, such as 3Com, have
come out with home phone -line
networks based on the updated
Version 2 specifications. These newer
networks run at i0Mbit /sec, or just
about the same speed as 10BASE -T
Ethernet. The HPA 2 phone -line networking equipment is backward
compatible with the slower -Mbit /sec
adapters, though mixing them together on the same network generally
slows things down. We had one of
the faster phone -line networks running here for a while, as well.
The truth is, home phone -line
networks are really good for sharing data, peripherals like printers,
and even an Internet connection,
but for head -to -head multiplayer
first -person shooters, like Rouge Spear,
the faster the network the better
the game play. With three teenage boys, I'd rather they get their
I

at 100- Megabits per second, and
with the right network cards and
hub can run in full -duplex mode,
transmitting and receiving at the
same time for a whopping 200 Mbit /sec throughput. What decided to do, until can find someone
in the area who can pull the
cabling through the walls at a reasonable cost, was just to run the
Ethernet cabling along the walls
near the baseboards.
We used a variety of Ethernet
kits here to set up the network.
I

I

Two different 10/100BASE -T Networks "in a
box." The 3Com HomeConnect kit on the left
has a 5-port hub, while the LinkSys kit, on the
right, offers a switch, rather than a hub.

aggression out at the keyboard, than
in a place where it might get them,
and others, into trouble. That's probably not a politically-correct attitude,

but as long as keep track of how
they react to computer games and
feel comfortable with it, don't believe
that Quake and other games of
this sort really have much of an
effect on well-adjusted kids. If think
things are getting a bit out of hand,
the PCs get turned off; and it's then
time to read a book or watch
something less exciting on TV.
I

I

I

CRANK UP THE BITRATE
That being said, I've recently suc-

1

There are lots of vendors currently
marketing 10 /100BASE -T Ethernet
kits for home and small -office use.
While the equipment included in
these kits is intended to run at 100BASE-T speeds, they are also back-

wards compatible with 10BASE -T
adapters and hubs, should you
already have some of this equipment in your home or office. Two of
the kits that we used are 3Com's
HomeConnect Ethernet kit and
LinkSys' Fast Ethernet Switch kit.
Each kit comes with two networkinterface cards that go in a PCI slot
on your PC, 25 cables (also called
Ethernet patch cords), and either a
hub or a switch.

cumbed to 100BASE -T network fever.
Actually, it's been the wiring, rather
than anything else, that's kept me
from installing "real" Ethernet here.
Getting a network up and running,
especially if you are running Windows 98,

is

pretty much the same whether

you're running it on Category 5
unshielded twisted pair Ethernet
cable or the phone-line cabling in
your walls (which, by they way, is
very similar, though not identical to,
Category 5 Ethernet cable.)
"Fast Ethernet," or 100BASE -T, runs

Each PC needs to bare a network interlace card
(NIC) installed.

11

WEAVING AN
ETHERNET WEB
When setting up an Ethernet
network, each PC receives a network interface card, or NIC. Physically
installing a NIC into a PC is just like
installing any other adapter card; if
you've ever up- graded your sound
or video card, you're already an
expert in this part of the operation.
Laptops can be connected to an
Ethernet network through an
adapter that uses either a USB port
or a PCMCIA card slot. A cord is
then run from each networked PC
to a central hub. Plug -ging the
cords between NIC and hub is no
more difficult than plugging a telephone into a wall Jack.

VENDOR INFORMATION
3Com Corp.
800 -NET-3COM
www.3com.com

Linksys
17401 Armstrong Ave.
Irvine, CA 92614
949 -261 -1288

www.linksys. corn
The other end of the patch cable needs to be
plugged into the Ethernet hub.

necessarily more or less expensive
than the other. The 3Com kit costs
about $ 180, while the LinkSys kit will
set you back about $ 120.

each floor. It's neither pretty nor
elegant, but it does work.
One day, we'll probably have
the cables in the walls. Nevertheless, having "tasted" 100BASE-T, doubt
that we'll ever go back to networking with anything slower.
P
I

THE SOFTWARE SIDE

_ ..,
When the NIC is installed, plug in an Ethernet
patch cable.

The 3Com HomeConnect kit
offers a 5 -port hub, so you can plug
up to 5 patch cords from network
workstations into it. The hub allows
each PC to connect up to the other
PCs on the network. The LinkSys kit
uses a switch, rather than a hub.
Both are similar, but a switch actually lets a specific PC workstation
"take over" the network and transmit at full speed. When it is finished,
a different workstation can "grab"
the network. This allows each workstation to run at the full speed and
bandwidth of the network, but all

12

of the other network users need to
wait their turn. A hub lets everyone
simultaneously access the network.
If a lot of users do this at the same
time, the whole network slows down
somewhat. Therefore, in choosing
between a hub and switch, you
need to think of what kinds of
applications will run over the network. Switches work very well when
you have orderly access to a network, while hubs generally are a
better choice when you can't pre dict network load. Neither type is

Once the cards are installed,
setting up the actual network is just
a few minutes work at each PC.
Actually, with the 3Com kit, the
Microsoft HomeClick! networking
software is installed before the hardware. After the drivers are installed,
the software tells you to shut off the
PC, install the NIC, and restart your
computer. When you do, the software finishes the install. With the UnkSys
kit, you install the NIC first. When
Windows98 finds the new device
on boot, you install the network drivers. The 3Com software and kit are
a little easier, especially for absolute
networking novices. Nevertheless, neither kit should give the average

Poptronics reader much difficulty.
During the install, you will be
asked to give the PC that you're
working on a unique name. However,

you have to remember to give the
same workgroup name on every
machine. When you're finished,
reboot. You should see each PC in
your network when you double click on the Network Neighborhood icon.

WATCH THAT CORD!
You can also chain hubs or
switches together, if you have more
PCs on a network than there are
ports on the hub /switch. We've
actually installed three separate
100BASE -T networks in the house,
one on each level, and when we

need to link them, we temporarily
run a 50 -foot, 75 -foot, or 100 -foot
patch cord between the hubs that
form the center of the network on

sNrt
"When

I said that we

were dealing with

'limited memory,' I wasn't talking about
the computer, I was talking about you!"
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Easy AddiTioNAL PORTS
decided that we could live without
one of the seven USB ports that our
initial configuration had and substituted the 10BASE -T Ethernet module for the top USB port, lowering

One of the side effects of the
wide popularity of PCs is that

there is a tremendous selection of
peripherals and accessories that
you can attach to your computer.
Unfortunately, while it's easy to just
plug in a Dymo printer to print out
electronic postage from e- Stamps
or Stamps.com, you still have to move
your computer to access the serial
port on the rear panel. Some vendors, including Compaq, eMachines,
and Hewlett Packard, have moved
several ports to the front panel,
making it easier to attach accessories and peripherals. The large majority of computer vendors, how -ever,
have not.
Another device for which you
might need to move or add expansion ports is a laptop. A port replicator, which moves all of the laptop's ports to a convenient "breakout" box, is a convenient accessory when you switch between mobile
and desktop use. Not all laptops,
however, provide the special connector or custom -tailored cable -

collection unit.
Finally, with printers, scanners,
digital cameras, PDAs, and a myriad of other devices all using USB
connectors, you've probably already
run out of USB ports. You could just
add a USB hub, but there is a better
solution.
Regardless of whether you just

want to move I/O port connectors
to a more accessible and convenient location or need to add some
ports that your PC or laptop did not
originally include, there are several
low -cost and easy -to -use devices

that perform exactly that function- PortStation from Xircom and
Belkin Components' BusStation.

our "tower" from five modules to four
modules high.
A serial module is also available.
Note also that both the Ethernet

The IOBASE -T Ethernet module can stack right
on top of Belkin's 7-port BusStation.

RACK 'EM UP
Both of these are modular devices

that plug into one of your PC's USB
ports and allow you to assemble
your own combination of ports. The

and an available SCSI module can
plug into either a USB port on your
PC or on one of the Belkin hubs. The
SCSI adapter provides a transfer
speed of up to 1.2 megabits per
second, but comes only with driver
software for the Mac. The Ethernet
adapter, on the other hand, comes
only with driver software for Windows95
or Windows98. The base USB hub
comes with a small AC -power supply, and all of the remaining adapters

draw their power through the USB
connection into which they are
plugged.

Belkin BusStation builds vertically,
pretty much as high as you need to
go to gain the specific ports that

you require. Our test unit was assembled from a 7 -port USB hub and a
10BASE -T Ethernet module. Belkin
also provides a variety of different
modules, so you can use only those
that meet your immediate requirements while still being able to add

additional modules at any time in
the future. In addition to the 7 -port
USB hub that we used, which is
actually four modules high, Belkin
also offers a single module with four
USB ports. On the multiple- height
module such as the one we received for testing, you can actually pop out individual modules from
the four-high backplane and insert
other modules of your choice. We

The Ethernet (or other add -on) module plugs
into a USB port on the BusStation's rear panel.
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Communications" kit but substitutes a
4 -port USB hub for the 10BASE -T
Ethernet modules and is priced a
bit less at $189.
At the moment, Xircom also
offers slightly more options in modules -such as a 56Kbps modem
than Belkin does. In the works for the
PortStation series are ADSL and
cable -modem modules, as well as
modules for home networking.

-

Xircom's RealPort is similar to the BusStation,
but expands horizontally between the snap onlsnap- off end caps.

so attaching a
Ethernet adapter doesn't make much sense. If you really
need 100BASE-T capability, bite the
bullet and install a NIC (network interface card) in one of your PC's
PCI slots or laptop's PCMCIA slots.
Another limitation, at least on
the PC side, is that not all versions
of Windows provide the same
degree of support for USB. Windows95
only implemented USB support in
OSR2.1, the last service release that
was not made available to retail

per

second,

100BASE -T

can also pop out one of the USB ports and
put an add-on module into the BusStation stack.
You

Several of the individual modules

targeted for the Macintosh come
with a selection of colored sleeves,
which let you match your iMac's
case for a coordinated look. These
modules include USB ports, a serial
port, and the SCSI module.
Belkin has priced the BusStation
very affordably. Our 7 -port USB hub
lists for $99, and a 4 -port USB hub is
only $59; about the same price as
a 4 -port USB hub without the Bus Station's expandability. The 10BASE -T
Ethernet module lists at $69, while
the serial module is a bit more

expensive at $79.

SIMILAR CONCEPT,
DIFFERENT DIRECTION
Xircom's PortStation is similar to
the BusStation, at least in concept;
the execution's a bit different. With
the PortStation, the different modules mount between a set of snap on /snap off end caps. You can string
on the exact configuration of modules you need for your particular
application, or just order one of the
"Starter" kits, which come in different configurations. We tested two
different "Starter" configurations
the $139 "USB Hub Starter Kit"
which provides you with two end
caps, an AC -power supply, and a
7 -port USB hub module -and the
$229 "Office Communications Starter
Kit." This kit has the end caps and
power supply, and parallel, serial,
PS /2, and 10BASE -T Ethernet modules. It makes a perfect replacement for a laptop port replicator,
which is how we generally use it.
The third packaged "Starter" kit
is the "Connection Starter Kit," which
14 is almost identical to the "Office

--

GREAT, BUT NOT QUITE
PERFECT
Both of these products are realnice. The Xircom PortStation fits a
bit more easily into a laptop carry
case, which makes it a perfect accompaniment on the road. Belkin's Bus Station is easy to stand right next to
a tower PC, though the PortStation
fits on top of most towers or sideways if you have a lot of modules in
your configuration.
Keep in mind, however, that
while adding an Ethernet module
to either the Belkin or Xircom device
makes it really easy to attach a PC
or notebook to a network running
at the 10BASE -T rate of 10 megabits
per second, that's the best that
you can get from this approach.
That's not really a limitation of the
Belkin or Xircom hardware. Both
could easily manufacture a module with 100BASE -T ( 100 megabits
ly

per second) capability. In fact,
Xircom provides that speed in a PC
Card network adapter. However,
remember that attaching these
hubs to your PC or notebook via a
USB port is the reason for the limits
to the ultimate speed of any
device connected to any of the
ports in the module. The USB interface itself is currently limited to a
maximum speed of 12 megabits

purchasers. Even in that release, USB
support, while present, didn't always
work well. To be sure that either device works properly, you'll need to be
running Windows98 or Windows 2000.
If

you are, either vendor's prod-

uct makes a terrific addition to your
computer table. Moreover, neither
adapter is overly expensive.
P
Co. Deeign.,a
Candruction

YOU CAN

WIND

YOUR OWN COILS?
There's no trick to it except
knowing what you are doing. In a unique, 106 -page
book you can become expert in winding RF, IF,
audio and power coils, chokes and transformers. Practically every type of coil is discussed and necessary calculations are given
with the mathematical data simplified for
use by anyone. Get your copy today!

rMail coupon

to:

Electronics Technology Today, Inc.

VENDOR INFORMATION
Belkin Components
501 West Walnut St.

Compton, CA 90220
800- 2- BELKIN
www.belkin.com

Xircom
2300 Corporate Center Dr.
Thousand Oaks, CA 91320
805 -376 -9300

www.Xircom.com

P.O. Box 240

Massapequa Park, NY 11762 -0240
Please send me my copy of Coil Design and
Construction Manual (8P160). enclose a check or
money order for $8.99 to cover the book's cost
and shipping- and -handling expenses. NY state
residents must add local sales tax.
I

Name

Address
City

State

ZIP

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

LPlease allow 6 -8 weeks for delivery.
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BCD ROM based resources
for learning and

designing

aionaly renowned series of CD ROMs from
Matrix Multimedia has been designed to bath improve
your Mail design
and to also provide you alti sets
you design the circuits
of bols to acáraly he
The inter

sils

themselves.

m
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matrix
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Electronic Circuits and Components provides an
introduction to the priropies and appicaiion of the most
common types of electronic corrponertls and how they
are used to form complete circuit. Semions on the disc
include: fundamental electronic theory, active
components, passive components, analoguedarts and digital circuits.

The Parts Gaiety has been designed to overcome the problem of component and
symbol recognition. The CD wi he sbdertts to recognize common electronic
mmpone is and their correspond g symbols in circuit diagrams. Quizzes are included.
Digital Electronics details the princples and practice of digital electronics, including
logic gates, combinational and sequential logic circuits, docks. counters, shift registers.
and displays. The CD ROM also provides an introduction to microprocessor based
systems.

Analog Electronics is a complete leering resource for this most ófiai subject. The
CO 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 oonvehensive coverage of analog loidamieritals. transistor circuit
design. op-amps, Stars, oscillators. and Other analog systems.

Electronic

. rojects

by Max Horsey

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 [Mich will
complement students' work on the otter 3 CDs in the Electronics Education Series. Each
project on the CD is supplied with schematic diagrams, circuit and PCB layout flees,
component lists and comprehensive draft explanations.
PiCtutor and C for PlCmicro microcontroters both contain complete sets of tutorials
for programming the PlCmiao series of niaocontrolers in assembly language and C
respectively. Both CD ROMs contain programs that allow you b sawed your code into
hex and then download it (via printer pat) into a PIC16F84. The accompanying
development boats provides an unrivaled platform for learning about PIC
mjaocorntroNes 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 tiraitmacros, 4000 ant 74 series logic.

cirait simulation, and PCB design
and is capable of producing industrial quaity schematics and circuit board layouts.
CADPACK includes unique chaut design and animation/simulation that will help your
students understand the basic operation of many circuits.
CADPACK includes salhrare for schematic capture,
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Jive Barker

Analog Filters is a complete course in filter design and synthesis and contains expert
ve and passive filters.
systems to assist in designing active

Shareware /demo CD ROM with more than 20
programs $4.99 refundable with any purchase.
Phone your order to us on

Order Form

Name:

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. Please

631-5924721

Address.

or send your order

allow 6 weeks delivery.
Student
Electronic Ccts. & Comps.
Digital Electronics
Analog Electronics
Electronic Projects
PICtutor
C for PlCmicros
Digital Works
CADPACK

Analog Fitters

Postage - USA
Postage - Canada

$50
$50
$50
$75
$179
$179
$50
$75
$75
So
S5

Zip:

Institution

$99
$99
$99
$159
$350
$350
$99
$159
$159
50

$5

Card Type

to.

CLAGGK Inc.
PO Box 12162

Phone.

Hauppauge, NY 11788
Yasienaid. Yac. or Discover only

Expire date:

Card number.
I

have enclosed my check for $:

Signature:

Please charge my credit card for $

Order online NOW from: www.gernsback.com /poptronics

CLO2
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Call Alert Alert!
There were several mistakes in my
"Call Alert" article (Poptronics, July
2000). Two connecting dots were left
out of the schematic diagram when Fig.
1 was redrawn for publication. On IC5,
pins 4 and 14 should be connected
together; and the line from J2 to the
center contact on RYI should connect to
the line going to R2 and BR1.
The Parts List has three errors as
well: R10 should be 68 ohms as shown in
Fig. 1, not 680 ohms. Additionally, I forgot to include C13; it is 0.1 F. Again,
this is shown in Fig. 1. What's more, I
got the transistors mixed up a bit.
Transistors Q1 and Q4 should be 2N4401
or 2N3904. Transistors Q2 and Q3 are
MPSA-06; several people told me that the
MPSA-56 units won't work as a substitute.
Finally, the typesetters left out one
important keystroke in the instructions for
programming the security codes as detailed
on page 47, column 2. When you pick up
the telephone handset (ignoring the dial
tone), you should press the "#" (pound key)
before dialing 1- 2 -3-4-5 to set location 1
with a security code of 2- 3-4-5. The " #"
alerts the unit that it should pay attention
to the programming instructions that you
are dialing.
RAYMOND C. BUCK III
[Speaking of telephones, we just discovered another small but aggravating problem
with Mr. Buck's article. It seems that in the
time between editing the article and publishing it, a new area code for Phoenix
was implemented; ATC Electronics was part
of that area -code switch. The new number
(with area code) is 623-516-2926.-Editor]

-623-

And Then The ScatCat Came Back
A few errors crept into the "ScatCat"
article (Poptronics, August 2000) dur-

ing editing and redrawing for publication. In Fig. 1, the ground connection
on IC3 should be labeled as pin 7.
Ground connections should also be
made to pins 4 and 12 of DISP1. I had
indicated the wrong pins in my original
submission; a leftover from an earlier
version with a different display. Since
we're on the subject of ground connec16 pions, the unused inputs of IC2 -pins

8- 11-should be tied to ground

as well;

floating inputs on CMOS is a no -no. I
indicated that on my original schematic,
but it was not redrawn that way.
The terminals and terminal identifications that are shown on Fig. 8, the photographs, and mentioned several times in
the text were omitted from Fig. 1, so it
may be difficult to correlate the two. A
cardinal rule of good tech writing is,
"Maintain consistency." Removing them
from one figure and not the other gives
an additional level of confusion, i.e.,
"muddies the waters."
Some component references were
changed on Figs. 1 and 2, but weren't
changed in the text. On page 36, second col-

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 dislike. 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.gemsback.com.

umn, four lines from the bottom, change R1
and R2 to R8 and R9; TRl should be
included with other solid-state relay components. On page 38, third column, eight lines
from the top, change IC1 to IC10. On page
32, first column, I 1 lines from the bottom,
change Rl to R3 (my goof).
The wire connection shown between
VDC( -) and SENS( -) in Fig. 8 is not on
the Control Module as shown; it will
have to be added externally.
I'd also like to point out a particular
sentence (page 36, first column, four
lines down) that was added by the editorial staff. An engineering colleague
read it and laughed so hard, beer came
out of his nose. I still can't convince
him that I did not write the sentence. I
may need a notarized statement to that
effect.
I do not expect editorial infallibility.
Having been through this process a few
times, I know I make as many mistakes as
anyone; sometimes more. Even the New
York Times lets one slip through occasionally. I do, however, expect an article to be
better after editing, not worse.
The author accepts no responsibility
for grammatical errors or for muddied
or muddled explanations. In spite of all
this, it is still a potentially fun project!

RUSSELL SHUMAKER
Converting Inverters to

Inverting Converters
In the August 2000 issue of Poptronics,
"Basic Circuitry" has an error.on page 62.
The article shows a "DC Power Converter,"
which should operate just fine as a DC
converter. However, the caption below
Fig. 6 states that this circuit can be used to
"... operate AC devices from a 12 -volt car

battery."

The device being describes is a
"power inverter," which transforms DC
voltage (usually 12 -volt car power) into
an AC output (again, usually 120 volts).
I just wanted to point this out, as a reader attempting to power an AC product
off this circuit may be curious why it will
not work (incorrectly suspecting an error
in their assembly).
ALLEN T MAHURIN
via e-mail

(Continued on page 23)

A LOOK AT

TOMORROW'S TECHNOLOGY

type
Mirror of the Future

Sandia researcher Tammy Henson examines a new thin -film, ultralight piezoelectric material that
may be the future of space telescopes and surveillance satellites. (Photo by Randy Montoya).

Awhole new approach to space mir-

rors is being developed by researchers at Sandia National Laboratories
and the University of Kentucky (UK).
Made out of a "smart" material that
changes shape when struck by electrons
fired by a computer -controlled electron
gun, this thin-film ultralight deployable
mirror may be the future of space telescopes and surveillance satellites.
"Unlike the Hubble and the upcoming NASA Next Generation Space
Telescope (NGST), which use the traditional polished glass mirror approach,
this is a light -weight thin film that could
be folded up and carried on a small
booster rocket and opened to its full
diameter in orbit," says Tammy Henson,

principal investigator. "The electron
gun would then be used to correct the
shape of the film mirror to its desired

form to within 10 millionths of an inch
that is the required accuracy for optical quality imaging applications."
How It Works

During their initial research, the
Sandia and UK researchers are using the
piezoelectric material polyvinylidene
fluoride because it is inexpensive, readily available, and exhibits the necessary

properties. However, for actual space
applications where the climate is very

hostile, piezoelectric polyimide thin film material looks very promising.
The flexible nature of the piezoelectric mirror material means it will
become misshapen once it is deployed in
space. It will need to be reshaped with
the electron gun.
Laser optical sensors measure the
shape of the mirror surface. This info-

Shown here is the highly curved piezoelectric thin -film mirror inside a vacuum tube at
the University of Kentucky.

mation goes into the control algorithm
programmed into the computer, which
is connected to the gun. The algorithm
determines the excitation profile necessary to change the mirror surface to its
desired shape using electron gun excitation. Since the initial mirror shape will
be very different from the desired shape,
the mirror figure sensing method must
have both large dynamic range and high
resolution.
The gun fires electrons into different
areas of the mirror to make the surface
change its shape in either a more convex
or concave direction. The new shape
remains fixed for several hours to days.
Then the beam is reactivated to add or
remove the charge to make small corrections to the mirror surface shape.
"An electron gun is the same device
that draws a picture on your television
17

screen," team member Jim Redmond
says. "To reshape the film-mirror, the
gun distributes a surface charge at a very
high resolution."

Lightweight and Easy to Launch
The light-weight, deployable, and
large -aperture aspects of the new mirror
approach are what make it attractive for
space telescopes and surveillance satellites. The extremely flexible piezoelectric material can be folded into a small
package. When released, it deploys very
close to its original state. The material
weighs less than one kilogram per
square meter of mirror area compared to
15 kilograms per square meter for the
NGST and 250 kilograms per square
meter for the solid glass Hubble mirror.

The NGST, tentatively scheduled for
launch in 20008, may use a mirror constructed from thin glass segments on a
composite structure, or even beryllium
segments, folded to fit into a launch
vehicle.

"The next step for NASA after the
NGST will be larger mirrors- possibly
as large as 20 to 30 meters in diameter

-

to allow for collection of light from the
dimmest and smallest of sources," says
Redmond. "It would be nearly impossible to do this with traditional materials
because of the expense and the size limitations of launch vehicles. The new
technology would allow extremely large
mirrors to be launched from small
boosters, saving millions of dollars per
launch."
This technology, still in its early
stages, has already captured the interest
of NASA officials and the community
involved in remote -sensing work.
"NASA strategic plans call for giant
telescopes many meters across, and it's
clear we can't launch large rigid ones,"
says John Maher, NGST project scientist. "Hence we will be making a large,

flexible primary mirror that will have to
be adjusted after launch. One way to
improve the performance is to use a
small, carefully controlled thin -film mirror located at an image of the primary
mirror to correct its error, and such a
device might even be useful for NGST.
Another way is to make the primary mirror itself adjustable with an electron
beam, but this probably will not be ready
in time for NGST."

Sandia /University of Kentucky

Partnership
A partnership was formed between
Redmond's adaptive structures group,
Henson's satellite imaging group, and
the university. Under funding from
Sandia's Laboratory Directed Research
and Development (LDRD) program,
the researchers have made significant
progress in the critical areas of mirror figure sensing, control algorithm development, electron gun actuation, and
space -implementation assessments.
Using electron -gun excitation of
piezoelectric materials was the brainchild of UK researcher John Main.
"Main was developing electron gun
technology and was interested in pursuing it for space telescope applications,"
Redmond says. "The electron gun eliminates the wires and electrodes used in
other `smart structure' approaches that
add to the system's complexity."
Main and Ph.D. student Jeff Martin
are pursuing research on the electron
gun, while Redmond is developing precision shape -control algorithms for the
piezoelectric mirror. Henson is developing optical concepts and mirror- figuresensing systems for the project.
Henson says that besides being lightweight and relatively inexpensive to
launch, the thin-skin deployable mirror
has the advantage of being able to be
"launched on demand."
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This diagram illustrates the deployment sequence for a large- aperture electron -gun controlled thin -film mirror.
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"The mirror could be fabricated and
deployed in a matter of months-as
compared to many years with the
Hubble telescope," she says.

Dangers of
Compression
Apicture's worth a thousand words,

but when it comes to digital medical images, one of those words should
be "caution." That's the message from

researchers at the University of Florida
(UF), who have found that even mildly
compressing angiograms for delivery
over telephone or computer lines can lead
to diagnostic errors. At issue is the
increasingly common practice of storing
medical images such as angiograms, X-ray
films and CT or magnetic resonance scans
on compact discs and other portable
media. Because the images contain so
much data, storing them or sending them

electronically requires mathematically
manipulating them to shrink their size.
"Data compression helps with costs
and with speed of transmission- that's
the upside," said Dr. Richard Kerensky,
an associate professor of medicine in the
division of cardiovascular medicine at
UF's College of Medicine and medical
director of the cardiac catheterization
laboratory at Shands at UF Medical
Center. "The downside is you might
start to degrade the image the more you
compress it. As you change it, you lose
information and add artifacts that
weren't present on the original image."
Kerensky and his colleagues published findings from one of three related
studies involving an international team
of scientists in the April issue of the
Journal of the American College of
Cardiology (ACC). The goal of the
researchers is to set guidelines for cardiologists to follow; after all, most experts
agree it's just a matter of time before
digital imaging completely replaces film
or videotape. The recommendations will
be added to the Digital Imaging and
Communications Standard for Medicine,
which the international cardiology community, led by the ACC, established to
standardize the digital file format and
image exchange medium for angiography. The trio of studies arrived at the
same conclusion: Image quality was progressively lost with increasing compres-

>

Rewritable DVDs
Next Generation

The French electronics company, MPO
Media /Hi- SPACE, in partnership with CEA/
LETI, France's Laboratory for Electronics,
Technology, and Instrumentation, recently
developed a new generation of dual -layer
rewritable DVD discs with a capacity of 8.5 A new generation of dual -layer
gigabytes, equal to that of pre- recorded rewritable DVD discs with a
discs. This capacity was obtained with opti- capacity of 8.5 gigabytes on a sincal components that were also used in the gle side has been developed. This
current generation of DVDs (lasers emitting technology reads the second layer
red light at 650 nm), allowing full compati- through the first, semi -transparent
bility with existing DVD Video and DVD -ROM layer.
drives.
Prerecorded optical DVD discs for video and software can, thanks to
their dual -layer technology, hold 8.5 gigabytes on a single side. This technology reads the second layer through the first, semi -transparent layer.
For recordable discs, the two layers are therefore quickly accessed from
the same side without having to be turned over.
These rewritable DVDs offer a playing time of more than three hours, as
well as direct digital writing and rewriting, a very high- definition image
(high -speed MPEG -2), high -fidelity sound (Dolby AC -3), and the absence of
wear. As well as having Internet or CD /DVD- ROM -type interactive functions. they may replace the traditional VHS video cassette.
This technology is the result of a research and development partnership
within the framework of the European Eureka Remod program, launched
in 1996. It was a combined French /German effort with both government
and industry support.

sion. In the OF study, 100 different

angiograms were compressed at varying
degrees. Researchers evaluated observers'
ability to detect subtle diagnostic fea-

tures in the angiograms and discovered
slight changes were introduced when
the images were reduced 10:1. At 16:1,
clinicians interpreting the images began
to make mistakes; they were less likely to
detect common diagnostic features,
including arterial narrowings or calcifications and the presence of stents, wire
coils designed to prevent arteries from
closing. The studies focused on a compression method originally developed
for still photographyJPEG (Joint
Photographic Experts Group).
Based on the latest findings, the standards committee has decided not to permit JPEG compression for original
image recording and archiving, and it
most likely will prohibit data compression for network transfer. Other compression approaches are under development
that may someday yield better performance. But for now, "we couldn't take
that risk," Kerensky said. "You can never
he sure if a surgeon or another doctor
might not see some subtle characteristic
that they really need to see."

Dramatic
Differences
of metallic gold,
which are assemblies containing
between 20 and 40 gold atoms encapsulated by a common biomolecule, can display distinctly chiral properties -they
exist in distinct right -handed and left handed variations. The chiral nature of
the clusters dramatically affects the ways
in which they absorb polarized light.
This optical effect had been predicted theoretically to occur in metal nanosmy nanoclusters

The gold nanoclusters are believed to
be the smallest ever prepared. Dr. T
Gregory Schaaff, a former graduate student in Whetten's lab and now a staff scientist at Oak Ridge National Laboratory,
attached glutathione

cluster.

While measuring the properties of
the clusters, Schaaff noted dramatic differences in the way the smallest clusters
absorbed polarized light in the visible
and near -infrared spectra. In one cluster,
this circular dichroism effect exceeded
300 parts per million (ppm) in the yellow -green region, while in another duster, the effect exceeded 1000 ppm in the
red and near infra -red.
These optical measurements suggest
that the clusters have a helical structure
that Whetten compared to the stripes on
a candy cane or a barber-shop pole.
"We had to double -check our instruments and repeat the measurements a
number of times because the effect was
enormous," he says.
Using gel electrophoresis to separate
the clusters by weight, Schaaff found
that certain cluster sizes dominated,
with 28 -atom assemblies -slightly less
than one nanometer across -being the
most common. The chiral properties

tructures, but Georgia Institute of
Technology researchers were the first to
measure it in a special class of clusters
they formulated. Their research was published in the March 30th issue of the Journal
of Physical Chemistry.
"When clusters are prepared in this
way, we see that the conduction electrons
in the gold circulate in such a way as to
have the unique optical effect of preferring one direction of circularly polarized
light over the other direction," explains
Dr. Robert L. Whetten, professor in the
School of Physics and the School of
Chemistry and Biochemistry. "The effect
was enormous, which was unexpected."

-a

common sulfurcontaining tripeptide -to individual
gold atoms to form a gold -glutathione
polymer in which the gold atoms make
no direct contact with one another. The
decomposition of this polymer yields the
gold clusters, which have glutathione
molecules adsorbed to their surface so as
to physically limit the number of metal
atoms that could join together in each

-8-
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Experimental results reveal that tiny clusters of gold can have distinctly chiral optical
properties. This figure shows electrophoretic
separation of gold: glutathione cluster corn pounds, left; the circular dichroism effect

observed, upper right; and optical extinction
of the third separated band, lower right.
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varied by size of the cluster, and therefore were only observed clearly when
the clusters were separated by weight.
Only clusters with 40 or fewer atoms
displayed the intense optical properties.
Whetten believes the effect is related
to the high level of confinement created
in the conduction electrons by formation of the small clusters, though
research has not yet confirmed that. A
helical geometrical pattern or "tiling" of
the glutathione adsorption sites (gold sulfur bonds) could also affect the circulation of the conduction electrons. ca

Construction
Software
Gene

Designed for biologists, the Gene

Construction Kit 2 (GCK2) from
Textco, Inc. is an innovative tool for
DNA manipulation, cloning design, and
illustration that is now available for
Windows operating systems. GCK2
provides a way to manipulate DNA
sequences with an intuitive graphical
interface that presents and assembles the
many steps needed in most cloning projects in a natural and logical fashion.
(See figure below.)
GCK2 allows the user to automatically monitor DNA fragment ends during
cutting and pasting; define thickness, pattern, shape, direction, and color for each
DNA segment; and examine predicted gel

patterns. Its unique chronography feature
tracks the history of any given DNA segment and maintains alternative views.
The program can display any generation
(view) for any segment of DNA in a construct-even multiple generations in the
same construct.
Ideal for planning and tracking complex construction projects, it allows
users to view the construct either as a
text sequence or graphically. Restriction
sites can be marked using one or more
completely editable and expandable enzyme
lists. It provides the option of listing
DNA with either protein sequence or with
restriction enzyme or other sites, or both.
The program can create color illus-

trations containing multiple constructs,
gels, sequence listings, free text, legends,
and other graphics. Its file- searching module offers sophisticated database -like capabilities. Further information can be found
at Textco's Web site: www.textco.com.

Color Me Green
Green chemistry is a philosophy of
constantly searching for ways to do
things better and cleaner. Paul Anastas,

Industrial Chemistry Branch Chief of
the Environmental Protection Agency
(EPA), first coined the phrase "green
chemistry" back in 1992. It is defined as
"the invention, design, and application
of chemical products and processes to

1,7x1
,I

w:C.:

« r

°IN,::

AT
w

»:;

:

-

;f:Y'

;;: :
410,

n

11/Lu L.r

6çy'

' s;

i

NI'

AAA 7C7

_

l

GIG C76

C;:

reduce or eliminate the use and generation of hazardous substances." Over the
past several years, international efforts in
green chemistry have greatly increased in
hopes of combating today's most pressing environmental problems, such as air
and water pollution, global warming,
and ozone depletion. Los Alamos National
Laboratory, a member of the International
Union of Pure and Applied Chemistry
and management organization for the
Green Chemistry Institute, has been
working with industry and other research
institutions worldwide to help solve these
and many other problems.
Los Alamos' collaborative efforts in

green chemistry already have made
tremendous impacts on several industrial sectors. One example is the development of dense-phase carbon dioxide, a
multi-award winning recyclable solvent
that cleans everything from plutonium
pits to semiconductor wafers to clothes.
Another Los Alamos success story is
the Advanced Recovery and Integrated
Extraction System, or ARIES, which
allows workers to separate plutonium
from other weapon components during
dismantlement. As part of the plutonium
recovery process, workers use hydrogen
instead of nitric acid to convert the
nuclear pit into plutonium oxide, completely eliminating hazardous aqueous
waste streams.
Most recently, Los Alamos and
Motorola announced the development
of a fuel cell for cellular phones that lasts
the lifetime of the phone and runs on
methanol.
m

An Important Cloning Project
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"Strength of material report indicates that the
material wood is inappropriate."

Q

&A

mailto: q&a @gernsback.com

De- whiskering NiCd

Batteries
Do you know of a circuit that will "blow"
the "whiskers" off NiCd cells? Will this
cure cells that have developed a memory? I
have a student who wants to fix his cellphone battery and save the environment in
the process.
N., Dublin, GA

II

-T.

A Nickel-cadmium batteries are poiso-

n nous, so anything that keeps you from

READERS' QUESTIONS, EDITORS' ANSWERS
CONDUCTED BY MICHAEL A. COVINGTON, N4TMI

"Memory" is a different-and contro-

versial- phenomenon. Supposedly, if
you repeatedly charge a NiCd battery,
then discharge it only slightly before
recharging it again, it will "learn" that
it's only being used for a shallow cycle,
and its capacity will diminish. The cure
is to discharge it thoroughly (down to
80% of the rated voltage and no lower,
or some of the cells might reversecharge the others). Then charge it again,
and it's as good as new.
Manufacturers deny that there is such
a thing as NiCd memory. It's fairly clear,
though, that if a cell undergoes a lot of
charging and not much discharging,
its voltage will decrease slightly. A
good discharge and recharge cycle will
restore it.

having to throw one away is good for the
environment. When a NiCd battery
does fail, it should be taken to a battery
dealer for recycling rather than thrown
out in trash.
"Whiskers" and "memory" are two
different problems. Whiskers are small
filaments of conductive material that
form inside the cell and short it out. If a A Better Function
cell conducts heavily during charging
but won't keep a charge, it probably has Generator?
"whiskers."
In your ltlarch column, you recommended
To get rid of them, you can "zap" the
11 the ICL8038 function- generator chip.
cell as follows. Charge a large (3200 -µF)
Sure, it works, but it requires dual high -voltcapacitor to about 12 volts, and then apply age (>5 volts) power supplies, uses lots ofpower,
it to across the cell (positive to positive, runs hot, and gives a poor sinewave. Why not
negative to negative). The resulting surge use the Maxim MAX038, which works up to
of current will often clear the whiskers. 20 MHz?-R. K, Portland, OR
You can tell that the cell is fixed by charging it for a few minutes and checking it A The ICL8038 mainly was the chip
with a voltmeter; you should see 1.2 volts
used in the articles to which I gave refor higher, rather than 0 volts.
erence. The MAX038 does have some
In a battery where the cells are con- advantages, and as you pointed out in
nected in series, I've had better results your letter, its data sheet is online at
using a different tactic. The usual symp- www.maxim -ic.com. Like the ICL8038,
tom is that the battery works but its volt- this chip generates sine -, triangle -, and
age is low; for example, a 7.2 -volt battery
squarewaves. Unlike the ICL8038, it opergives about 6 volts when partly discharged ates from +5- and
-volt supplies and
and peaks at 7 volts (not 8.4) when fully covers a wide frequency range with low
charged. In that case, it's lost one of its six distortion. You can buy it in small quanti1.2 -volt cells. To restore it, you might try
ties directly from Maxim as well as other
charging with heavy current (maybe 1 to 2 mail -order suppliers such as Digi -Key.
amps) for a few seconds. This is easy to do
with a lab -type power supply, where you
can watch the voltage to see if you're get- Don't Forget
ting results. Caution: Some batteries contain fuses that will blow if you charge with The Nanotarad
more than 1 amp.
Further to your item on "What's a 5M6
Neither of these techniques makes the
resistor?" in the April column, the
battery as good as new, but you can get a European notation for a capacitor of 0.0027
few more weeks of operation out of what p.F is 2n7 and for a 4.7-pF electrolytic, 47
would otherwise be a piece of toxic waste.
(4u7). -N. L. L., Patras, Greece

5

AThanks. For those who tuned in late,
we were explaining that "4.7 kilohms"
is abbreviated "4k7" on European schematic
diagrams; likewise 4.7 megohms would
be "4M7" and 4.7 ohms (4.7) is often
written 4R7.
The capacitance units used in America
are microfarads (p,F) and picofarads (pF,
formerly F), where 1 F = 1,000,000 pF.
In between is the nanofarad (nF), seldom used in America but widely used
elsewhere; 1 nF = 1000 pF = 0.001 uF.
And as you note, 2.7 nF is written 2n7
on European schematics.
As one who has studied the Greek language, I balk at writing "u" for "µ"; everybody knows that µ (mu) is the Greek letter
M. But if we're using m for "milli" we need
a different abbreviation for "micro," and if µ
is not on the keyboard, we have to type "u."

Wrong Answer

To

Scanner Question?
The letter from T. R. B. in your March
column was interesting, as was the
answer. He needed to build a 16-volt, 900 mA power supply for a scanner whose original power supply had failed.
What you overlooked was the cause of the
original power- transformer failure. Most small
power transformers are designed to burn out
(rather than heat up and start a fire) when
overloaded.
I suspect that both his original power
supply and the one he built were overloaded
by some fault in the scanner, such as a leaky
capacitor. He should measure the current
drain when the voltage starts dropping.
Chances are that it will be more than the
900 -mA rating of the original unit-Bob
O'Brien, Los Angeles, CA

A You're right, of course; thanks for
your comments.

Ferrite

Rod and RF

Transformers
Where can I find a 24- inch -long ferrite
rod to make an AM radio antenna? Also,
where can I buy RF and IF transformers ?
G. K, New York, NY

-

AThese and other hard -to -find radio
parts are available from Ocean State
Electronics, P.O. Box 1458, Westerley,
RI 02891; 401 -596 -3080, www.oselec
tronics.com. However, their longest ferrite rod measures 7174 inches. I've actually never seen a 24 -inch rod and don't
know if they were ever made; you might
try a wire loop antenna instead.

Grafftech Transmitter
am looking for a schematic of an FMbroadcast-band transmitter called Grafftech
FM 3000, which dates from the mid- 1970s.
It appears to have been built from a kit.
. M. (ismullin@sprint.ca), Toronto, Canada

-

Internet search didn't
turn up any information on Grafftech,
so we're publishing your e-mail address
in the hope that a reader can help. If this
was a pirate -radio transmitter, designed
to be used illegally, the maker may have
operated in secrecy.
AAn extensive

Loop Antennas
Thank you for answering, in your
11 February column, my question about loop
antennas for direction finding. However,
I'm actually looking for something more.
I'm familiar with the ARRL Handbook,
but need a design for a medium -wave or
long-wave direction finding antenna, not a
VHF one. The loops that I'm interested in
were used on planes such as Pan American
Clippers. They operated between 200 kHz
and 500 kHz. -V. K (vklein @micro.com),
Kansas City, MO
AAnother reader, Ken Robbins, W1KNI,
wrote in to say that some information
about such antennas can be found in The
Low and Medium Frequency Radio Scrap
Book, by Ken Cornell, W2IMB, published in the 1970s. You might want to
track this book down. The best way is to
get your public library to look for it via
interlibrary loan.

We're publishing your e-mail address
so that any other readers who have
information can write to you directly.

And

C++ For

Microcontrollers
QCan you suggest a good microcontroller
that takes C or C++ and a project to build
that will teach me the basics?M.S.O.,

22 Jamaica Plain, MA

www.gemsback.com for information and files
relating to Poptronics and our former maga-

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

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 permitted only in rec.radio.swap and misc.
industry. electronics. marketplace.

QI

C

HOW TO GET INFORMATION ABOUT ELECTRONICS
On the Internet: See our Web site at

Many electronic component manufacturers have Web pages; see the directory
at www.hifex.com /chipdir/, or try addresses 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.icmaster.com, which
is now free of charge although it formerly
required a subscription. Extensive information about how to repair consumer electronic devices and computers can be
found at www.repair faq.org

Books: Several good introductory electronics books are available at RadioShack,
including one on building power supplies.
An excellent general electronics textbook is The Art of Electronics, by Paul
Horowitz and Winfield Hill, available from
the 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 The ARRL Handbook
for Radio Amateurs, comprising over 1000
pages of theory, radio circuits, and ready-tobuild 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

AC compilers are available for

a wide
range of microcontrollers; the maker
of each chip can tell you what's available
for it. C ++ is used only on the largest
microcontroller systems.
One book that gives you the details of
microcontroller programming in C is C
Programming for Embedded Systems, by
Kirk Zurell, published by R &D Books,
Lawrence, KS 66046 (available through
any bookstore). The book, priced at
$29.95, comes with a working copy of
the Byte Craft C compiler for the
Motorola MC68705J1A. That's a real
bargain.
Nevertheless, a word to the wise:

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 computers 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: Replacement transistors, ICs, and other semiconductors, 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 substitute 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 organizations: 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.

Don't skip assembly language, or you
won't have a good mental picture of how
a

microcontroller works.

Philips Scope
Manual Found
just noticed the inquiry in the June
2000 column from a reader in Miami
needing a manual for a Philips PM3305
oscilloscope. The Test and Measurement
Division of Philips was acquired by Fluke a
few years ago. Manuals for the PM3305, a
good model number by the way, are still
available from Fluke. Your reader can call
QI

888-99 -FLUKE (888- 993 -5853) for more

LETTERS

information. -Colin Pkstow, Fluke Corporation.

(continued from page 16)

AThanks! The mailing address is Fluke
Corporation, PO Box 9090, Everett,
WA 98206 USA; in Europe, PO Box
1186, Eindhoven, The Netherlands.

[Chalk that one up to an overworked editor on deadline whose `fat fingers" were
aimingfor the "D" key but landed on the "A"
key instead. As the old saying goes, "close"
only counts in horseshoes, hand grenades,
and nuclear weapons! Editor.]

LED

Flasher

Progress Report
The LED flasher described in Fig. 9 of our
July column successfully flashed a red LED
for ten weeks using a single N cell (smaller
than an AA cell). Has anyone been able to
improve on it yet? Please write and let me
know your results.

Transformer Safety Note
In last month's column, we said that you
can always use a transformer on a lower
voltage than it was designed for. That's
true as long as it's not also working at a
substantially lower frequency. You can
generally swap 50- and 60-Hz transformers without any trouble, but if you
apply 50- or 60 -Hz power to a 400-Hz
transformer (common in military- surplus
equipment), it will saturate and conduct
heavily. That's one reason that you should
always do your testing with a light bulb in
series with the primary.
If a transformer is labeled "120 volts"
but conducts far too heavily on 120 volts,
60 Hz, it's probably a 400 -Hz transformer. Either that or it's shorted.

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 information (we'll shorten your letter for publication);
(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 qba@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

-

radio-frequency) receivers of this vintage, the filament voltage was changed in
order to control the volume of the
receiver. That also decreased the gain at
the same time.
Best of luck restoring your radio.
L. PIPPEL
via e-mail

You Mean You Don't Have One?
Less Than Useful Source Code
I like your new magazine. As for
I would like to point out significant things to make, I would like to suggest
errors in the programs published in the four projects: a 220 -volt inverter; a
article "LCDs for PCs" by Michael buzzer that will foil those very loud sub Chan in the March issue of Poptronics. woofers; a simple fuel cell; and since all
In spite of the statements in the light and matter are vibrations, a replica remarks, the Basic code in Listing 1 tor as seen on Star Trek.
does not turn off the LEDs. Much AL PURCELL
more significantly, the code in Listing Cleveland, OH
2 contains (twice) GOSUB 600, although
there is no line 600. Moreover, both
[Those first three projects sound way too
listings are in an archaic format, either difficult to do. However, I'm surprised that
GW Basic or BasicA, rather than the you don't have a replication unit; I thought
QBasic format used with all recent everyone has them. The manufacturer sent
Windows systems; line numbers are me a unit on 30 -day approval. The price was
not required (nor recommended), and $700, so I replicated a $1000 bill and sent it
procedures are defined in separate to them-keeping the original, of course.
named subroutines or functions. The The only oddity I noticed was when they sent
QBasic format makes the listings much me my change, all three $100 bills had the
easier to read and would help avoid the exact same serial numbers...
errors that occurred.
For those who don't recognize the story
By the way, I searched your Web site I'm referencing, read the collection of "Venus
and could find no source for the code for Equilateral" short stories written by George
either of the Chan articles there.
O. Smith back in the 1940s. The trial story
ED GRENS
that takes place in a Buffalo, NY courtroom
via e-mail
is particularly priceless!Editor.]

[We have e- mailed the author for clarification and have yet to receive a response. If
any reader has a solution to this, we'd love to
print it.
The reason that you couldn't find the code
on our FTP site is because it's not posted
there; it's printed in the article. If you go to
the author's Web site listed in the article,
you'll find a page with the exact same information, errors and
admittedly not very
helpful.-Editor.]

all-

Looking For Articles On...
I would love to see an article on
modems that covers things like how it
verifies dial tones and busy signals and
responds to sent tones. Also, many of us
hobbyists educate ourselves by using magazines as textbooks. "Basic Circuitry" is a
great idea. Please don't make it too simple, but do progress into more complicated functions.
RANDY HEISSERMAN
Boulder, CO

Fixing Lester Crosley
Lester Haugsdal asked about repairing his 1920 Crosley radio ( "Letters,"
August 2000 Poptronics). The triode receiving tube in the radio is more than
likely an "OlA." This is a 5 -volt DC filament tube drawing 250 mA. I would
suggest that Lester find a 20 -ohm wire wound potentiometer that is rated at 5
watts or more to place in the filament
line. In the old "regen" and "tri' (tuned-

Haves and Needs
l have a Conar Oscilloscope model
225 for which I would like the schematics and any other information. Any help

much appreciated.
FRANK CLAY
5746 Springfield Ave.
Bokeelia, FL 33922 -3401
is

fcclay@netzero.net
941- 283 -1533

P
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USE THE FREE INFORMATION CARD FOR FAST RESPONSE

false grounds. The high -end model provides event recording, true RMS, and

Circuit Analyser

harmonics measurements, among other
features. There are other SureTest analyzers as well: two Harmonic Circuit
Analyzers and a 220VAC model. The
more advanced models verify isolated
grounds and dedicated circuits, in addition to measuring line- voltage drop,
neutral -to-ground voltage, ground impedance, and the estimated load on the branch.
Left unidentified, excess voltage drop
can lead to improper, erratic, or nonoperating equipment; poor efficiency
and wasted energy; and a heat buildup at
the connection/splice
possible fire
hazard. Such a drop can be caused by
high -resistance connections at wiring junctions or outlet terminals, possibly from
poor splicing, corroded connections, or
inadequate seating of wire in receptacles
or switches.
These circuit analyzers can isolate
such connection mistakes by testing
receptacles in sequence along the branch
circuit. In addition, the SureTest analyzers help find problem areas, which may
require further investigation of some
receptacles and/or of the branch circuit.
Shorts, which cause the equipment on
the circuit to be hot, are another area
that can be tested with these analyzers.
While other circuit testers identify this
dangerous condition from the site of the
receptacle itself, the SureTest circuit analyzers can identify a false ground from as
far away as 15 feet.
The SureTest circuit analyzers range
in price from $195 for the model 61-151
up to $675 for the high -end model.
IDEAL INDUSTRIES, INC.

-a

WIRING INDICATIONS
NORMAL

O

MO GROUND

Q

000
Q

POLARITY REVERSED
NO ROT

NO NEUTRAL or
HOT GROUND REVERSED

4,ala1V4

Becker Place

Sycamore, IL 60178
CIRCLE 60 ON FREE INFORMATION CARD

800 -435-0705 or 815 -895-5181
www.idealindustries.com

THE SURET EST FAMILY OF CIRCUIT
analyzers are the first handheld circuit
analyzers capable of applying a full 15amp load without causing interruption
to equipment on the circuit. Very versatile
instruments, SureTest analyzers identify
and locate a wide range of problems common to electrical circuits quickly, easily,
and accurately -loose power connec24 fions, bad splices or receptacles, loose

ground connections, and high- resistance
grounds. They also verify proper wiring
and test GFCI receptacles, line voltage,
and voltage drop.
The four analyzers in the SureTest
family are Models 61 -150, 61 -151, 61152, and 61 -156. The basic unit measures line voltage and voltage drop.
Model 61 -151, which is pictured here,
also measures ground impedance and

Ergonomic Anti -Static Drivers
PROVIDING BOTH "LARGER" MINIature sizes and greater reach, the new
styles of the POLLICIS Series Anti -Static
Ergonomic Drivers are specifically designed

for use in computer and instrument applications-both in the shop and in the
field. Made with an anti -static polymer

X

Miniature and unobtrusive (3 x 2.2
0.75 inches), EM Aware monitors fea-

ture high sensitivity and wide adjustment range, local and remote threshold
setting, audio and visual indication of
ESD events, and an event -hold indicator. These versatile monitors permit
both connectivity to virtually any data acquisition and facility- monitoring system and stand -alone operation as well,
and they work with either built -in or
remote antennae.

and produces clear audio performance.
Operating at 10dBV, the CO -2RR
also provides 15 dB of "headroom" at 20
Hz. The CO -2RR1 low-frequency response
level is ruler flat to 10 Hz and extends
well below 1 Hz. Housed in a heavy gauge steel enclosure with a six-hole
mounting base, the easy-to-mount stereo
unit measures 2.60 X 2X 1.45 inches. Its
input and output connectors consist of
four high-quality gold-plated RCA/IHF jails.
The ISO -MAX Model CO -2RR
transformer lists for $169.95

JENSEN TRANSFORMERS
7135 Hayvenhurst Ave.
Van Nuys, CA 91406
818- 374 -5857
wwwJensen- transformers. corn
CIRCLE

61 ON

FREE INFORMATION CARD

mixture of conductive
additives and insulative thermoplastic
base resins, the Extended Reach handles
are non -humidity dependent and nonmigratory. The material suppresses the
initial charge, insulates against moderate
to high leakage currents, and minimizes
electrostatic charging from movement
The driver blades are manufactured
from hardened, high- tensile -strength,
alloy steel and are securely molded into
the ergonomic handle. The POLLICIS
Series sets include a five -piece slotted
set, a five -piece Phillips -type set, and a
six-piece small Torx set, among others.
The POLLICIS Series Anti-Static
Ergonomic drivers range in price from
$3.75 to $11.75, individually, and sets
range from $16.75 to $32.50.
MOODY TOOLS INC.
42-60 Crompton Ave.
E. Greenwich, RI 02818
800 -TOOL INC or 401 -885-0911

that contains

a

www.moodytools.com

Electrostatic- Discharge Monitors
PROVIDING DETECTION AND ACCU
rate measurements of Electrostatic Discharge
(ESD) events in semiconductor, flat -

panel, disk drive, and electronics assembly environments, EM Aware is a series
of in- process ESD event monitors. They
are also useful for home -office professionals who want to monitor ESD or
check for possible ESD sources of computer problems. EM Aware is said to be
the first of its kind to offer real -time
information about harmful electrostatic
discharges, reducing ESD losses and helping to diagnose problems with ESD-protective devices.

CIRCLE 62 ON FREE INFORMATION CARD

Prices for EM Aware range from
$540 for the basic model (CTC032) to
$931 for Model CTC034.
CREDENCE TECHNOLOGIES, INC.
3601 -A Caldwell Dr.
Soquel, CA 95073
831 -459 -7488
www.credencetech.com

Fast 8 -hit Microprocessor
THE AB181E -20, A Z180- COMPATIble microprocessor, uses a unique one cycle architecture and a powerful instruction set that allows manufacturers to use
their previous code development while
increasing their ability to create new
designs. Any clone device that uses the
Z80 instruction set can be upgraded as
well-not just Z180 devices. The
AB181E -20 is 98% code compatible

with all but four of the original Z180
instructions.
At minimum, the AB181E-20 gives a

iiiiiiiiiiiiiiikiiiiiiiiiiiiii

Audio -Interconnect Transformer

THE LATEST ADDITION TO THE
ISO -MAX line of isolators, the Model
CO -2RR is a plug- and-play device that
eliminates annoying hum and buzz in
audio systems. Simultaneously, it preserves the signal's audio spectrum.
Aimed at professional as well as consumer applications, including home theater and high- end-stereo, this audio interconnect solution eliminates any
ground loops in unbalanced interfaces

11111111i1111111111111111111/r
CIRCLE 64 ON FREE INFORMATION CARD

five-fold improvement over the Z180
microprocessor, in terms of the number
of internal clock cycles and their execution times. These times are based on an
internal clock frequency of 20MHz. The
AB181E -20 uses a PLL to generate the
internal clock, which runs at four times
the external crystal frequency.
The AB181E -20 Microprocessor sells
for $12.65 (U.S) in single quantities.

AB SEMICON
62 Victoria Way
Burgess Hill, West Sussex RH15 9LR

England
CIRCLE 63 ON FREE INFORMATION CARD

www.ab-semicom.com
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Irving M. Oott!lob
Oscillator Circuits and Projects.

Test Procedures for Basic
Electronics.

TEST
PROCEDURES
for Bask Electronics

#61111.

#61063. -- $19.95

- $24.95

Many useful tests and measurements

A Textbook and project book for those

are covered. They are reinforced by the

who want to know more about oscillator

appropriate basic principles. Examples

circuits. You can build and enjoy the

of test and measurement setups are

informative and entertaining projects
detailed

given to make concepts more practical.

7 3/8 x

9/1/4'; 356 pp, paperback.

in

this book. Complete informa-

tion is presented in an easy -to- follow
manner. 7 3/8 x 9 1/4", 249 pp,

PROMPT

paperback.

['Build

Your Own Home Lab.

#61108

Troubleshooting and Repair

- $29.95

Guide to

Shows you how to assemble an efficient

N. #61146.

- $34.95

Repairing and troubleshooting a TV is

working home lab, and how to make it

very simple and economical with help

pay its own way. Includes projects for

from the information in this book. It is

creating your own test instruments too.

the most complete and up -to -date

7 3/8 x 9 1/4 ", 249 pp, paperback.

N

repair book available, with tips on how
to handle the newest circuits.

8 1/2 x 11", 263 pp, paperback.

Howard W. Sans & company

CMrIMa VCR
WMIMNIMUIs and

Ni

nw.,l.l W. tam, 6lomp.vy

Repair.

Complete Camcorder

Computer Monitor
Troubleshooting and Repair

Complete VCR Troubleshooting and

#61102. -- $34.95

Computer Monitor Troubleshooting
and Repair.

This book can save you the money and

need complex tools or test equipment to

hassle of computer monitor repair by

repair them. This book contains sound

showing you how to fix it yourself.

troubleshooting procedures that guide

Tools, test instruments, how to find and

you through every task. 8 1/2 x 11",

solve problems are all detailed.

184 pp, paperback.

8 1/2 x 11", 308 pp, paperback.

Jose

Complete Camcorder
Troubleshooting and Repair

#61181.

- $34.95

Easy -to- build, useful circuits from Carr's

workbench to you. They will spark new

about the upkeep and repair of video

ideas in your day -to -day use of circuits

camcorders. Start by examining cam-

and help solve frustrating problems.

corder troubleshooting procedures, then

256 pp, paperback.

move into more advanced repair

Contad Jim Surface.

techniques. 8 1/2 x 11", 208 pp,
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Easy-To-Build, Useful Circuits
From Cares Toolbendi to Yours?

- $29.95

Learn everything you need to know

Carr'

Circuit Toolkit

Joe Carr's Circuit Toolkit.

Troubleshooting and Repair.

#61105.

#61100. -- $34.95

Though VCRs are complex, you don't

the form below and send it to us. Please allow 4

-

6 weeks for

Claggk Inc.

standard delivery.

PO Box 12162
Name:

Hauppauge, NY 11788

Address:

Tel: 631- 592-6721
Fax: 631

Zip:
I

Telephone:

N

-592 -6723

email: claggk@gemsback.com

have enclosed my check for $:

Signature:
Please charge my credit card for $:

SORRY No

Number:

orders accepted

outside of USA & Canada

No. of Books Ordered

SHIPPING CHARGES IN USA.

Card Type:

Mastercard, Visa or Discover only

Expiration Date:

CANADA ADD
1

2

$5.00

Book

Books

each add'1 book

$

Total price of books

$

5.00

Shipping (see chart)

s

8.00

Subtotal

s

3.00

Sales Tax (NYS only

$

Note: The delivery address and the address at which

2 Day UPS

$10.00 extra

the credit card is registered must be the same.

Next Day UPS

$20.00 extra
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All payments must be in U.S. funds!

CLO4

NEW LITERATURE

IP Routing Protocols
by Uyless Black

Prentice Hall
One Lake St.
Upper Saddle River,

NJ 07458

thought -provoking, easy -to-build circuitsuseful for finding solutions to perplexing
design problems. Basic circuit theory is
presented in a readable text with helpful
illustrations.

800-282 -0693

munication between devices connected
to a computer. This newly updated edition explains the basics of installing and
using SCSI, plus how to work with SCSI
IDs, LUNs, and much more. There is
also new and expanded coverage of SCSI
and device drivers.
Clear drawings, diagrams, troubleshooting tips and tricks, and a comprehensive
index all make this an indispensable reference. For the first time, a CD -ROM
with SCSI diagnostic tools and utilities
and ASPI programming examples, as
well as the complete searchable text, is
bundled with the book.
3

www.phptrcom

Joe Carr'

$48.99
According to the author, "The IP routing protocols are the sextant of the
Internet. The chief use of the IP routing
protocols is the same as the sextant: to
discover routes, except these routes are
through an Internet terrain."

Circuit Toolkit
Easy-To-Build, Useful Circuits
From Carr's Toolbench to Yours!

Computer Communications

UT!

OTOCOL

RIP, OSPf, BGP. PNNI &
CO ROUTING PROTOCOLS

This complete guide examines the
basics of how to build and manage networks with these routing protocols: RIP,
OSPF, BGP, PNNI, and CISCO. Aimed
at network professionals, this comprehensive book begins with a thorough
tutorial on the fundamentals of route
discovery, architecture, and operations.
It proceeds to in -depth coverage of such
subjects as interior gateway protocols,

connecting internal networks to the
Internet, and enterprise networking.
Joe Carr's Circuit Toolkit
J. Carr
Prompt Publications
Sam's Technical Publishing
5436 W 78th St.
Indianapolis, IN 46268
800-428 -7267
by Joseph

www.samswebsite.com

$29.95
Former Popular Electronics columnist
Joe Can has compiled a collection of

Circuit can be designed using simple
division on a hand -held calculator.
Designing active filters is usually very
math intensive, but here Can used the
"nominal value" method instead. Among
the circuits are RF and wideband amplifiers, RF hybrids and combiners, waveform generators, and active and notch filters.
The Book of SCSI, god Edition
Gary Field, Peter Ridge, et al
No Starch Press
555 De Haro St., Ste. 250
San Francisco, CA 94107

Tools Catalog
from B&B Electronics Manufacturing Co.
707 Dayton Road
P.O. Box 1040
Ottawa, IL 61350
815-433 -5100
www.bb -elec.com

Free

e811 eleçtránis
Compute,
Communication
tools

by

800 -420-7240
www.nostarch.com

-232
-422
-085
Wireless
Fiber Optics
Usa
R5
RS
RS

$49.95
SCSI (pronounced scuzzy, short for
small computer system interface) is a
hardware interface that allows fast corn-

Designed for computer professionals
and anyone else interested in tinkering
with computers, this catalog features
solutions to computer connection problems. New products include over 400
adapters to connect a CAN (Controller
Area Net -work) bus to fiber-optic cable,
converters that allow USB ports on new
PCs to be used for legacy serial and parallel applications, and an optically isolated USB hub. There's a new section of
Fail Safe and Redundancy products,
including a Rogue Node Isolator that can 27

automatically transfer data to a back -up
line if needed.
In addition to computer products,
there is technical information and books
as well. Each product is accompanied by a
color photo and full product description.

INCLUDES

INDNWNIt

Suitable for the beginner, this book contains 12 digital electronics projects to
build with the minimum of equipment.
The projects range from instrumentation to home security, and there are
some projects that are included just for
fun. Except for one project, they are all
battery powered, and all of them are
completely safe for the beginner.
Each project has a circuit diagram, a
drawing of the perfboard layout, and full construction details with instructions for testing
the circuit at each stage. Each description
ends with a list of the components required,
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BUILD,

OU CAN

PIC

MICROCONTROLLER
PROJECT BOOK

ECG Master Replacement Guide
from Philips ECG
1001 Snapps Ferry Road
Greeneville, TN 37744
800-526 -9354

www.ecgproducts.com

Free

Featuring over 6000 additional cross references and 81 new devices, including
new product families, the 19th edition of
this guide is a comprehensive source of
replacement information. It has more
than 306,000 crosses to U.S., Asian, and
European part numbers. Expanded
selector guides simplify choosing the
best ECG replacement type for numbers
that are not crossed, and there is a complete alphabetical index.

projects, this book answers the question:
What can you do with PIC microcontrollers? Practically anything-from creating "photovore" robots that hunt light
for their solar cells to making toasters
announce "Your toast is ready!" These
easy -to -use, low -cost, computers -in -achip let designers and hobbyists add intelligence and responsiveness to any electronic product or project-even faster
than comparable Basic Stamps.
Hands -on directions are supplied for
putting Microchip's RISC -based chips
with up to 8k of memory-to work.
Starting with simple projects and experiments, this book progresses gradually into
sophisticated programming techniques. The
author John Iovine, our "Amazing Science"
columnist, guides enthusiasts into such
projects as synthesizing human speech,
controlling DC and stepper motors,
adding sensing abilities to robots, and
building in decision- making neural and
"fuzzy logic" functions.

-

all

of which are widely available.

C

Programming for Embedded

Systems
by Kirk Zurell
R&D Books
6600 Silacci Way
Gilroy, CA 95020
800 - 500-6875 or 408 -848-8294
www.rdbooks.com

$29.95
The majority of today's embedded systems
rely on 8 -bit microprocessors. Commonly
used in autos and consumer products, 8 -bit
microcontrollers are increasingly used in
the newest controller applications, such as
USB peripherals and Net -enabled appliances. This book is ideal for the C programmers who want to transfer their skill
to the embedded environment.

Digital Electronic Projects for
New products indude power MOSFETs,

TRIACs, resettable fuses, dual Schottky
barrier rectifiers, and diodes. Each section provides technical information and
drawings of the parts. The updated
Philips ECG Instant Cross program
(ET- 2604W2.2) is also available on disk,
with the semiconductor and relay database in one program.

PIC

Microcontroller Project Book

by John lovine

McGraw -Hill
2 Penn Plaza
New York, NY 10121
800- 2MCGRAW
www.books.mcgraw- hill.com

$29.95
Bound to spur the imagination and inspire
28 plans for using PICs in new products and

Beginners (PCP112)
by Owen Bishop

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

$14.99 (includes S &H)

DIGITAL
ELECTRONICS
PROJECTS
Owen Bishop

The author explains the architecture
common to most 8 -bit microcontrollers,
introduces embedded-specific design
regimens, and demonstrates the advantages of programming in C. He also
guides readers through the development
of a sample project, complete with
source code, for a consumer product.
The included CD -ROM contains a
working C6805 Code Development
System tailored for the Motorola
MC68705J1A microcontroller, additional software, and test programs.
P

"WATCH" TV WITH
THIS FM/TV

AUDIO RADIO
RECEIVER
Keep up with your favorite television programs
even ifyou can't watch the screen!
ANTHONY J. CARISTI

Do you, or perhaps someone you

know, long to listen to a favorite
TV program when you can't be near
a TV set? Maybe you might like the
satisfaction of constructing your very
own FM radio instead and listening
to your favorite radio station. If so,
the FM /TV Audio Receiver presented here is just the project that
you're looking for, whether for yourself or as a unique gift. This miniature, portable FM receiver fits into a

pocket and can receive either the
standard FM broadcast band
(88 -108 MHz) or the sound carrier
from TV channels 2 through 6
(59.75-87.75 MHz).
This two-chip, superheterodyne FM
receiver uses a unique method of
receiving frequency -modulated broadcast signals: an intermediate frequency
(IF) of only 70 kHz. That frequency is

low enough to allow fixed -bandwidth -IF tuning using active -RC filters. Although that is interesting to a
radio -design expert, it means no
radio- frequency expertise is needed
for the rest of us. What's more,
there's no alignment to worry about
for this project, and it's easy to
build. The receiver is designed to
drive a built -in loudspeaker; a headphone jack may be installed as an
option. A common 9 -volt transistor radio battery powers the circuit.
There is a fine -tuning control for accurate tuning to your favorite station
as well; and an externally-adjustable
volume control may be included as
another option.
All of the difficult design parameters of the circuit are taken care
of by a suitable printed- circuit lay-

out. By following the easy construction details, you can build a properly operating TV-sound or FM receiver in just a couple of evenings.
How R WYodcs. The FM/N Audio Receiver
is built around a TDA7000 FM- receiver
chip (A block diagram of this chip is
illustrated in Fig. 1.) Included in it

are a mixer, local oscillator, IF amplifier, limiter, quadrature -FM demodulator, and muting control. All those
subsystems tied together on a sin-

gle slab of silicon makes the TDA7000 a veritable "radio on a chip."
As mentioned previously, the use
of a 70 -kHz intermediate frequency
instead of the more common 10.7
MHz is unique to the FM /TV Audio
Receiver. The advantage of using
such a low frequency is in eliminating the need for inductors and /or
ceramic filters. Instead, the IF amplifier consists of on -chip op -amps that
are configured as active fitters using
internal resistors and external capacitors for bandpass tuning.
Circuit Description. Since it is difficult to describe the various functions of the FM /TV Audio Receiver
without referring to the actual circuit, let's "get our hands dirty" and
dig right into the schematic diagram. Follow along with Fig. 2 during the following description.
The RF signal from a short wire
antenna is coupled to pin 13 of IC1
through an LC network composed
of C4, C5, and L1. This broadly
tuned, antenna-bandpass filter circuit
feeds the incoming signals directly
into ICI's internal mixer.

ANTENNA

broadcast FM band. Table
illustrates the frequencies in question.
1

13

12

The tuning components for the
antenna and local- oscillator tank
circuits -L1, L2, C4, C5, and D2will have different values for a standard FM receiver as opposed to a

11

IF FILTER

LIMITER
FM

DEMODULATOR

receiver. The component
in the
Parts List. Choose only those parts
specified in Table 2 for the frequency band of the receiver that you
want to build.
TV- station

part numbers are specified

MIXER

MUTE
CONTROL

1

LOCAL
OSCILLATOR

2

AUDIO
OUT

5

OSC.
TANK

Construction. The FM /TV Audio Receiver is constructed on a small
double -sided printed- circuit board
measuring about Ph by 21/4 inches.
Printed -circuit construction of this project is mandatory since it operates
with very high gain in the VHF band.
One side of the circuit board consists of a solid- copper ground plane
in which the ungrounded component lead holes are manually cleared
of copper. The opposite side of the
board contains the printed circuitry, as in Fig. 3. If you do not wish to

r.

Fig. 1. The TDA7000 "radio-on -a- chip" from Philips is the heart of the FM/TV Audio Receiver.
Everything needed for a radio receiver- except audio amplification-has been integrated into this
18 -pin chip.

The frequency of the local oscillator determines which radio station will be received. Inductor L2, in
conjunction with varactor diode D2,
forms a parallel -resonant circuit that
sets the frequency of the on -chip
local oscillator. Potentiometer R3
adjusts this frequency to fine -tune
the desired RF signal.
To prevent distortion that would
normally occur with a wide -band FMtransmission signal and a receiver IF
of only 70 kHz, the received signal
deviation is compressed to ± 15 kHz.
This compression is accomplished by
a built -in phase -locked loop that
shifts the local- oscillator frequency
in reverse proportion to the normal
received - signal deviation, as produced
by the frequency modulation of the
transmitted carrier signal.
A quadrature FM demodulator is
used to convert the frequency modulated IF signal to audio. The
monaural audio output appears at
pin 2 of IC1; and it is sent to IO2, a
low -power audio -amplifier chip
that has sufficient power to drive a
loudspeaker. Potentiometer R7 sets
the volume level of SPKR1.
Power to operate the circuit is provided by a common 9 -volt transistorradio battery. Current draw is about 15
milliamps, which allows about 25 hours
of use from a new alkaline battery.

not in one single band. The circuit is
designed so that it may be constructed to receive the sound carrier
of TV channels 2 through 4, channels 4 through 6, or the standard

IC1

TDA7000N

C12

30

K

.011.1F

C9
µF

.022µF
C13
µF

R2 ,

4.7K

.01

C16

R3
100K

i
1N5232B
D1

C18
100µF

C

V

D2'

.01g

Ai +
R6
100

C21

100µF

TUNE
R4

IC2

22K

LM386N-1

1
.1µF
C22

C19

R7

.1).1F

50K
VOLUME

S1

C20
47µF

5

C10
.002µF

C15
.0033µF

C14
150pF

C11

.1

V

liming Components. The FM/TV Audio
Receiver is capable of receiving frequencies from 59.75 to 108 MHz, just

4

3

¡

4

+

.n

POWER

It
O

0--1:( SPKR1
80

R8

B1

1052

I

9 i7

*SEE TABLE 2

Fig. 2. If you replace a few select components, the FM/TV Audio Receiver can pick up FM radio or
TV audio.

1t
TABLE

1

FREQUENCIES OF TV AND FM
BROADCAST STATIONS
TV Channel 2

TV Channel 3

TV Channel 4
TV Channel 5
TV Channel 6
FM broadcast

MHz
MHz
MHz
MHz
MHz
88-108 MHz

59.75
65.75
71.75
81.75
87.75

fabricate your own board, you
may obtain one from the source
given in the Parts List.
Although only one foil pattern is
shown, the FM /TV Audio Receiver
uses a double -sided board. The corn ponent side is simply a ground plane
of unetched copper that covers
the entire board. After etching the
solder side of the board and drilling
the component holes, you will need
to clear the ground -plane copper
away from the holes to prevent any
accidental shorts to ground. One
way to accomplish that is with a
sharp 'h- or 344,-inch drill bit. By holding the drill bit in your hand and
spinning it against each hole, a circular ring free of copper around
each hole results. Be careful not to
remove too much PC -board material or you' enlarge the holes too much.
Do not clear copper from those
holes in which the component
leads connect to ground; we'll use
the leads to make connections
between both sides of the board.
Using Fig. 4 as a guide, leave copper around the following pads:
'

Il

R1 that connect to
each other only
The C13 lead next to C12
The R4 lead nearest the board
edge
R7's rightmost lead
R8's rightmost lead
C23's rightmost lead

C10 and

If you feel ambitious, you can
include the negative leads of C18,
C21, B1, SPKR1, pin to of IC1, and
pins 2 and 4 of IC2. Those additional leads were not connected to the
ground plane in the author's prototype, but making the additional connections shouldn't cause too many
problems other than added construction work.
After the ground -plane side of

the board has been prepared,
gently clean both surfaces of the
printed- circuit board with steel
wool and detergent to remove any
possible oxidation or dirt. This procedure will provide a clean metal
surface that is conducive to good
solder joints. Rinse the board in cold
water and dry thoroughly.
Use the parts- placement diagram
in Fig. 4 as a guide when installing
components. The first components
that should be soldered in place
are L1, L2, and D2. Those items are
surface-mount components that
are to be soldered on the solder
side of the board. Figure 5 illustrates
the terminal connections of D2.
Note that only two of the three terminais are used.
The best way to install a surfacemounted component is to gently "tin"
the copper pads on the board. Use
solder braid to remove all of the excess
solder, leaving a shiny, silver surface.
Do not use excessive heat. Place the
component in position directly over
the pads and apply solder to one pad
and terminal only. Inspect the position
of the component. If it is correct, solder
the remaining connection.
Insert all of the remaining corn ponents. If you want to use an external volume control, don't install R7
at this time. Pay strict attention to
all polarized components such as

the semiconductor and electrolytic
capacitors. Any such part placed
backwards in the circuit will render
the receiver inoperative, and it
may get damaged itself or damage other components when power
is applied. Double-check before
soldering those parts in place.
Note that to conserve "real estate"
space on the board, the design
places many parts vertically. However,
component height should be considered to assure proper fit of the
final assembly into the desired enclosure. Since this is a high-frequency
circuit, the lead length of all corn-

2 -1/4- INCHES

Fig. 3. The PC board for the FM/TV Audio
Receiver is a double-sided board that any hobbyist can build; the component side is a solid

ground plane.

ponents must be as short as practical. Be absolutely sure that no
component wires touches the
ground plane unless it is connected
to ground on the opposite side of
the board. Refer to Fig. 2 if in doubt.
When you install a grounded component, solder that component's
grounded lead to the ground plane
on the component side of the
board after soldering it in place.
See the list of components men-

tioned above.
A piece of flexible insulated wire
about 20 inches long may be used
as a temporary antenna for test. The
final length will be determined later.
Solder this temporary antenna wire
in place as indicated in Fig. 4.
When you are finished soldering
the parts in place, check the connections of all ungrounded corn ponents to be sure that there are
no inadvertent short circuits to
ground. If in doubt, use an ohmmeter. Carefully examine all of the solder joints; are they shiny and
smooth? Check for short circuits
between closely spaced copper
conductors. Correct any problems
now before proceeding.
When you are satisfied with your
work, set the board aside.

TABLE

2

TUNING COMPONENTS FOR TV SOUND AND
STANDARD FM BROADCAST RECEPTION

Frequency Band

L1

L2

C4

Standard FM
TV channels 2, 3, 4
TV channels 4, 5, 6

0.1 µH

0.083 µH
0.12 µH
0.083 µH

68 pF

0.12 µH
0.1 µH

100 pF
100 pF

C5
47 pF
68 pF
68 pF

D2
22 pF

33 pF
33 pF
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Drill or cut out holes in the enclosure for those parts, taking note of the

R

location of the printed circuit board
and its components. One more hole,
to be used for the antenna wire, must
be drilled in the enclosure. This hole
should be located near the antenna
connection of the board as illustrated
in Fig. 4.
If you wish, you may secure a
small telescoping antenna to the
side of the cabinet. The length of
the antenna is not critical. For a '/-

Fig. 4. Follow this parts-placement diagram when building the FM/TV Audio Receiver.
clear away the ground -plane copper from the holes of any leads that are not grounded.

Cabinet Assembly. The small size of
the board permits installation in a
small enclosure that also houses the
9 -volt battery, tuning potentiometer, loudspeaker, and on /off switch.
The Parts List provides one such
enclosure that has a built -in battery
compartment; but any suitable
plastic cabinet, obtained from parts
suppliers such as RadioShack, may
also be used.
The Parts List also suggests a miniature speaker that is capable of producing good quality audio when
installed as directed. The audio-power
amplifier used in the FM /TV Audio
Receiver is capable of driving any
8 -ohm speaker. You are certainly
free to use a larger speaker-and
larger enclosure to house it
you
so choose.
Choose a suitable location for
the speaker. Drill a series of '/6 -inch
diameter holes in a square pattern
to form a grille in the front of the
cabinet. Perfboard makes a nice
template for that task. Construct a
spacer from a piece of '/6 -inchthick printed- circuit material, plastic, or aluminum to match the size
and shape shown in Fig. 6. Glue the
spacer to the inside of the cabinet

-if
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You

should

with epoxy or other suitable adhesive; the result is an air gap between
the speaker and grille. Once the adhesive has cured, the speaker may be
glued in place in a similar manner.
Pick a spot for S1 R3, and R7 (if
you want to use a panel- mounted
volume control). The Parts List specifies a multi -turn tuning potentiometer for best resolution and performance. This unit is composed of two
parts: the potentiometer itself and
a shaft adapter that lets you attach a
knob. An ordinary single -turn unit
may be used if desired. Although
the multi-turn potentiometer gives
greater tuning resolution, it does
not allow the attachment of a tuning dial. You can draw a simple dial
for the single-turn potentiometer,
but you'll sacrifice resolution for
,

convenience.
NO

CONNECTION
CATHODE

ANODE

Fig. 5. Varactor diode D2, although a two-lead
device, is housed in a three -lead package that
makes it look like a surface -mount transistor.

wavelength antenna at the operating frequencies of the FM /TV
Audio Receiver, you will need one
that's about two to four feet, but
the receiver will work with a shorter
antenna.
When the cabinet has been
properly assembled and wired in
accordance with the schematic
diagram, connect the battery clip
to the circuit. Be sure to observe
polarity of the battery clip wires. If
in doubt, use a DC voltmeter and
battery to verify polarity of the
leads. Just because the batteryclip leads are red and black doesn't
mean that the particular one you
have is wired correctly!
Make the final connections to R3
and SPKR1 in accordance with Fig.
4. Be sure to wire R3 so that clockwise rotation causes the voltage at
its wiper to decrease. This voltage
drop will provide increasing received
frequencies with clockwise rotation.
Before connecting B1 to the battery clip, check all wiring thorough-

to be sure that it is 100% correct.
is far easier to correct any problems at this time rather than later if
you find that your receiver does not
ly
It

work.
Testing. Before applying power to
the circuit, use an ohmmeter to
measure the resistance across C21
to verify that there is no short circuit
to ground on the power -supply line.
Normal indication is 20,000 ohms or
more. Turn Si off and clip a fresh

alkaline 9 -volt battery onto the
connector. Set the volume control
halfway.
Turn the power on. Slowly rotate
R3 until you hear audio. Note that
IC1 has an automatic muting circuit; no sound will be heard until
the circuit is tuned to a station. If
you have chosen to build an FM-
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Fig. 6. This spacer will keep the speaker from
touching the cabinet's grille.

band receiver, many radio stations
will be heard. If you have built a TV
receiver, only 2 stations, spaced far
apart, may be picked up. Additionally,
when the receiver is tuned past the
video- or picture-carrier of a TV station, a hum or buzz will be heard.
When the audio from a station is
located, adjust the volume control
as desired.

Once the identification of the

received stations has been made,
you will be able to determine the
frequency range of your receiver
by adjusting R3 over its entire range
and noting what radio stations are
heard. There are no other adjustments. The components specified
should
in the Parts List and Table
automatically tune your receiver to
the desired frequency band.
At this time, you can experiment
to determine the optimum antenna length. Generally, in strong signal areas, a short piece of wire will
suffice. In remote areas, a longer
antenna will provide better results.
If the receiver is working as
described, the unit is ready for use.
Otherwise, refer to the following hints
to locate and correct any faults in
the circuit.
1

Troubleshooting. If the loudspeaker
is silent, set R7 halfway between its
minimum and maximum rotation.
Use a digital or analog voltmeter

PARTS LIST FOR THE F M/TV AUDIO RECEIVER
C7, C15- 0.0033 -pF, 50 -WVDC,
SEMICONDUCTORS
IC1-TDA7000N, FM receiver,
polyester
integrated circuit (Philips)
C10-0.0022 -RF, 50 -WVDC polyester
IC2- LM386N -1 audio amplifier,
Cli, C23 -O.022 -pF, 50-WVDC,
integrated circuit
metal -film
D1- 1N5232B 5.6-volt Zener diode
C12, C13, C16-0.01 -µF, 50 -WVDC,
D2 -22 -pf or 33 -pF varactor diode
ceramic-disc
(see Table 2)
C18,C21- 100-sF, 16 -WVDC,
electrolytic
RESISTORS
C20-47 -pF, 16-WVDC, electrolytic
(All resistors are /< -watt, 5% units unless
otherwise noted.)
ADDITIONAL PARTS AND MATERIALS

R1-22,000-ohm

R2-4700-ohm
R3- 100,000-ohm potentiometer
(Mouser 594-43P103 or similar-see
text)
R4-22,000 -ohm
R5- 10,000-ohm
R6-100-ohm
R7- 50,000-ohm potentiometer, printed circuit or panel mount (see text)
R8 -10 -ohm
CAPACITORS

C1- 220 -pF, 50 -WVDC polyester
C2, C8-330 -pf, 50 -WVDC polyester
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C3, C9, C17, C19, C22- 0.1 -0,
ceramic -disc
C4 -68 -pF or 100 -pF, NPO ceramic -disc
(see Table 2)
C5 -47 -pF or 68 -pF, NPO ceramic -disc
(see Table 2)
C6, C14- 150 -pF, ceramic -disc

B1-9-volt alkaline transistor-radio battery
L1 -0.1 -µH or 0.12 -µH inductor
(see Table 2)

L2- 0.083 -1LH or 0.12 -11H inductor
(see Table 2)

S1- Single -pole, single -throw toggle or
slide switch
-ohm loudspeaker
SPKR1
Enclosure (Mouser 616-71980 or similar), adapter for R3 (Mouser 594-612
or similar -see text), 9-volt battery
clip, tuning knob, optional earphone
jack, wire hardware, etc.

-8

Note: The following parts are available
from A. Caristi, 69 White Pond Rd.,
Waldwick, NJ 07463: Etched and
drilled PC board, $15.75; ICI,
$12.50; IC2, $3.00. Please add $5.00
postage/handling. NJ residents add
6% sales tax.

and check the voltage across B1
when the receiver is turned on; it
should deliver at least eight volts to
the circuit. Measure the current
draw; normal indication is about 15
milliamps at low volume levels.
Try adjusting the tuning control
over its entire range. The muting circuit of the receiver keeps the loudspeaker silent unless a radio station
is tuned in.
Check all electrolytic capacitors,
diodes, and ICs to be sure that they
are properly oriented in the circuit.
Check all other components for
proper value. Verify that all of the
specified grounded components
are properly soldered to the top
side (ground plane) of the board.
Placing a finger on pin 3 of IC2
should result in some buzz or hum in
the speaker. If none is present, check
C20 and the speaker connections.

replacing IC2.
the loudspeaker circuit is operational, measure the voltage at pin
2 of ICI. Normal indication is about
2 volts DC. Measure the voltage at
pins 5, 13, and 14 of IC1. Normal
indication is about 8 volts DC.
Measure the voltage at pin 16 of
IC 1. Normal indication is zero volts.
If incorrect voltages are encountered, disconnect power and visually inspect the wiring for opens,
shorts, and bad solder connections.
Check all components for proper
values, especially L1 and L2.
A non -operational local oscillator can also cause an inoperative
receiver. Thoroughly check L2, C17,
R5, Dl, and D2. Measure the voltage at the wiper of R3 to be sure
that it varies when the tuning control is rotated.
With the FM /TV Audio Receiver
at your side, you'll never miss another
soap opera or episode of Friends
again!
P
Try

If

"That was the only way
I could get it to scroll!"

Looking Ahead to
DTV:

Part 2

How digital television combines compressed
video and audio signals and delivers them to a
digital-ready television near you. Second of two parts.
GEOPHREY MCCOMIS

Last month, we looked at the

mechanics of how digital television works, including how video (in
a single high-definition format or

several standard -definition channels) is compressed, squeezed, and
otherwise mashed down to fit within a 6 -MHz bandwidth. We also saw
how the same techniques are able
to supply home-theater -quality surround sound in a 5.1 format (four surround channels plus a center channel and subwoofer) with Dolby noise
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111

010

J11

reduction to boot.
Now that we have the two major
components of television (video and
audio) digitized and compressed, let's
see how we put them together. Be
sure to have last month's issue handy;
there will be occasional references
to some of the charts and figures
that were published in the first part
of the article. To avoid confusion over
which figure number belongs to which
section, we're going to continue on
with the numbering scheme as if
this is one large book -length article.
Now that we have all of the disclaimers out of the way, let's plunge
into this month's subjects. We'll start
with...
The Service -Multiplex and Transport

Subsystem. When you look back to
Fig 1, the transport subsystem's primary function is obvious: it combines the elements from multiple

programs with ancillary and control
data to form a single transport
stream. As with video, DTV transport streams conform to standards
defined under MPEG -2 and constrained for DTV.

A very general summary of the
transport subsystem might stop at
that, but there are far more interesting issues that lurk just beneath
the obvious.
Consider the synchronization of
a program's audio and video. In
analog -television systems, audio
and video information is sent simultaneously and in real time -both
are sent, received, and presented
concurrently. A DTV program's audio
and video are interspersed with
other data, so even though the overall bit rate is constant, any one elementary stream appears in bursts in
a fraction of the time required to
decode and display it. Additionally,

MPEG compression often results in

frames being reordered for transmission, so there is no inherent synchronism between audio and video
information.
For DTV, the secret to synchronism lies between the source and
transport- encoding processes (Fig.
8). Elementary audio and video
data are first grouped into Packetized
Elementary Stream (PES) packets.
PES packets are variable- lengthdata structures that tag audio and
video frames with packet-start codes
and various other header elements.
Among the PES header elements
are two "time stamps:" the Presentation
Time Stamp (PTS) and Decode Time
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OTHER
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The Presentation Time
Stamp indicates exactly when a
given packet's contents should be
presented. The Decode Time Stamp
is included whenever frame reordering occurs; it notifies the decoder
that the DTS- stamped packet will
be required prior to its presentation
time (usually in order to decode
intervening B frames).
All of the timing for source encoding and decoding is based on a 27MHz master clock. Both PTS and DTS
values are snapshots of a 33 -bit
counter driven by a 90 -kHz divided down version of the master clock
(Fig. 8). Thus, they provide accurate
placement information within the
overall context of a large window
of time.
One step up from the PES level is
the adaptation layer as shown in
Figs. 8 and 9. Adaptation headers
are variable in length- mandatory
for audio and video and optional
for other data. They exist primarily
to facilitate the synchronization of
program elements.
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Chief among the adaptation
header elements is the Program Clock Reference (PCR). The PCR is
comprised of two parts: the PCR

Where would television be without
commercials? Commercials are prominent examples of local program-

ming. However, local program
insertion might adversely affect the
PCR and its representation at the
receiver. Imagine, for example, that
you have just enjoyed six minutes
and twenty -seven seconds of your
favorite TV drama; the current PCR
and time stamp values will indicate
"6:27:xxxxx." Then the local network
affiliate cuts to five minutes of commercials. What happens to the time
values? Must the PCR be yanked
back to 0:00 at the start of each
commercial, only to jump back to
6:28 when the program resumes?
How might this affect decoder synchron¢ation across brands of receivers?
The adaptation header's splice countdown field embodies one attempt

to provide respectable and consistent answers to those questions.

Fig. 8. Construction of DTV's transport streams is a fairly complex affair, involving multiple programs. All
of the timing for the transport subsystem is based on a 27 -MHz master clock. A 9 -bit counter provides a
high resolution snapshot of the time elapsed from packet to packet, while a phase -locked 90-kHz clock rate
drives a 33 -bit counter to place each packet within a large window of time.

Stamp (DTS).

And Now For a Word From Our Sponsor.

base (taken from the same 33 -bit
counter used to generate time
stamps) and the PCR extension (a
sampling of a nine -bit counter driven directly by the master clock).
The master clock is also needed

at the receiver to decode the
incoming signal. The decoder generates a local representation of the
master clock at the receiver, aligning it with the PCR embedded in
the incoming bit stream. In this way,
it establishes its own program clock,
which becomes the reference for
the presentation and decode times
indicated by the incoming time
stamps. That's how audio and video
are synchronized.
The adaptation layer also provides indicators for random access
and local program- insertion points.
Recall that once an MPEG decoder
has acquired a given program stream,
it must be initialized with an frame.
Thus, within a particular bit stream,
the start of an frame is a valid random entry point with respect to the
video decoder. Such random entry
points are flagged by the state of a
special field in the adaptation header. This allows for faster redisplay when
switching channels or programs.
I

I

During a normal program, it indicates
the number of packets remaining
before the occurrence of a splice
point. During inserted programming,
it reflects the anticipated time before
resumption of the featured program.
The discontinuity indicator is another
important adaptation -header field. It
gives the decoder advance warning

that the

PCR is about to change
(before the start of a new program,

for instance).
While it is still up to the receiver to
track a potentially shifting time base,
the adaptation layer provides the
additional support required to maintain reliable performance across the
full spectrum of program insertion/
change scenarios.
The link level is the final stage in
the assembly of a transport packet.
Link headers are fixed in length at
188 BYTES
(FIXED LENGTH)

PAYLOAD

I
LINK

HEADER

\

ADAPTATION
HEADER

Fig. 9. Transport packets are the common currency of the transport subsystem. Most of the
subsystem's per -program operations relate to
the assembly of transport packets. System -level
multiplexing amounts to shuffling them together,
like cards.
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Fig. 10. De- multiplexing the system-transport stream is like a treasure hunt: several pointers must
be followed to get to any single program's transport packets.

four bytes. As indicated in Fig. 9,
the primary functions facilitated at
the link level are packet synchronization and identification, error
detection, and conditional- access
notification.
The first eight bits of every packet are the link header's sync byte.
Each sync byte carries the same
value for all MPEG -2 bit streams. This
allows ready detection and constant
verification of the location of transport packet boundaries.
The Packet -Identification (PID)
field occupies 13 bits in the center
of the link header. Within a given
system multiplex, packets that belong

to any particular data stream carry
a unique PID value. At the receiver,
packets are ultimately sorted out
according to their PIDs.
Two separate link- header fields
provide error -handling utilities: the
four -bit continuity counter and the
one -bit transport-packet-error indicator. The latter is simply a flag that
may be set by the modulator or
demodulator to indicate that a
given packet is known to be in error
and should not be used.
The continuity counter confirms
the delivery of successive packets
of each payload-bearing PID. As
the program stream is assembled
within each set of packets for a particular PID, it cycles from zero through
15. So, for example, if one packet
of PIDs carries a continuity -counter
value of 7 and the next packet
received for the same PID carries a

9, the decoder will recognize that data has been lost and
should take steps to control the

value of

damage.
The DTV standard does not specify a particular method of encrypting data for conditional access (as
with pay -per -view or premium services), but it does provide the means

for program providers to do so. Link
headers must be sent without encryption, but the balance of a transport
packet could easily carry encrypted data. For this reason, the link
header's transport- scrambling control identifies packets bearing scrambled payloads.
Transport packets are the common currency of the transport subsystem. They are fixed in length at
188 bytes and are easily multiplexed. Multiplexing at the program
level is simply a matter of alternating a program's audio -, video-, and
ancillary-transport packets. Together,

they constitute a program stream.
Multiplexing at the system level is
more complex. Here, transport packets from multiple program streams
must be interwoven. Still, transport
packets will remain intact and will
merely be placed end-to-end with
packets of other programs' various
elements. In that patchwork of program packets, each packet's PID
identifies the program and element
to which it belongs.
PID number zero is reserved for a
special class of transport packets
those containing the program-

-

association table for the system level transport stream. The program
association table is like a guidebook to the system stream. It identifies the stream's programs and the
PID numbers that contain each program's program -map table. Each
program -map table in turn identifies
the PID numbers belonging to its
associated program elements.
Figure 10 illustrates the process of
unraveling the system -level transport stream to get at a particular
program. First, packets whose PID is
zero are gathered and interpreted
to find the PID of the program map
for the desired program. Those
packets are then gathered and interpreted to find the PID numbers of
TRANSPORT PACKETS
FROM TRANSPORT
SUBSYSTEM

REMOVE
PACKET-SYNC.

RANDOMIZE
DATA

FORWARD ERROR
CORRECTION

CALCULATE/APPEND
REED -SOLOMON
ERROR CORRECTION

INTERLEAVE
DATA

TRELLIS
ENCODE

ADD F ELD &
SEGMENT SYNC.

INSERT PILOT
& VSB MODULATE

RF

UPCONVERT

RF ENVELOPE TO
POWER AMPLIFIER
& ANTENNA

Fig. 11. Error correction is the central facet of
DTV's terrestrial -transmission system.
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Fig. 12. The randomizer's XOR gates invert the information bits whenever a bit from the sequence
generator is a one. In the receiver, the same sequence is xoR -ed with the randomized data, reversing the process.

the selected program's elementary
streams, which in the end are separated for decoding, while the
remainder of the system transport
packets are ignored.
Program selection may be enhanced by the presence of a mas-

used to convey three or four bits at
a time. While 8VSB uses robust -coding techniques to move 19.28 Mbps
across a potentially noisy channel,
16VSB trades resilience for data -carrying capacity, delivering 38.57 Mbps.

ter-program guide. This is one ex -ample

on the 8VSB mode.

of an ancillary data type. While ancillary data may ultimately include
anything from stock quotes to software, a unique PID (number 8189)
has been reserved for it due to the
program guide's essential role.

Figure 11 summarizes the progression of information through the ter-

The RF/Transmission Subsystem.
DTV's transport stream is already a
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complex entrée of digital information; serving it up over the open air
is yet another challenge. This is the
province of the RF /transmission subsystem. It reprocesses the contents
of transport packets to blast them
across the miles of noisy air, while
maximizing the likelihood that they
will emerge intact at their multiple
destinations.
The ATSC standard actually describes two transmission modes: 8VSB
for terrestrial broadcast (open air)
and 16VSB for use in cable and other
delivery systems in which high signal -to -noise ratios are easily maintained. VSB stands for vestigial -sideband modulation, in which either 8
or 16 discrete -amplitude levels are

The

balance of this article will focus

restrial transmission subsystem.

transport packets are gathered and stripped of their sync bytes.
These are unnecessary in transmission since the RF subsystem creates
data frames of its own, and the
positions of data from successive
transport packets are clearly defined.
Packet sync will be restored in the
receiver, at the output of the RF stage.
Next, incoming data are randomized. Randomization gives each bit
an equal chance of being a zero or
a one, which optimizes the bit stream
for the rest of the RF subsystem.
Figure 12 shows how that is achieved.
The start of every data frame triggers the start of an 8 -bit pseudorandom sequence, which is XORed
(ExcLusrvE-0aed) with the incoming data
bytes. The sequence appears to be
random, but it actually emerges
from a mathematical function that
always yields the same result. Since
the XORs invert the data bits any
time a bit from the sequence genFirst,

is a one, the output data also
appear to be random. In the receiver, the same sequence is XORed with
the recovered randomized data,
magically revealing the original.

erator

Fixing Mistakes. Forward -Error Correction (FEC) refers to the addition
of special error -correction data on
the part of the sender in a one -way
digital- communication system. A large
part of the transmission subsystem is
devoted to FEC. Without it, ATSC
reception would falter due to interfering signals, multipath distortion,
and adverse atmospheric conditions.
DTV employs three stages of FEC:
Reed -Solomon coding, data interleaving, and trellis coding.
It's difficult to imagine how effective DTV's three -part FEC ensemble
is. During evaluation while the system was in development, it was
found that the threshold for the visibility of errors occurs at a signal -tonoise ratio (S /N) of 14.9 dB. From an
analog perspective, this is astounding. It means that roughly one sixth
of the signal voltage seen by the
receiving system must be noise
before any negative effects are
observable.
Unfortunately, error correction can
only forestall the inevitable. The slope
of 8VSB -error probability as a function of S/N is so sharp that the sys-

tem can't function as the S/N
approaches 14 dB. This is the "brick wall effect" often associated with
DTV reception: you get either a
perfect picture or no picture at all.
Reed -Solomon (RS) coding is no
stranger to consumer electronics,
since it's at the heart of the Compact
Disc format. Though its mathematical underpinnings are inaccessible
to most mortals, think of it as a sort
of multi -dimensional parity. For every
randomized packet (187 bytes), 20
RS parity bytes are calculated and
tacked on. The parity bytes allow
the reconstruction of up to ten corrupted bytes within a packet, even
if some of the parity bytes are
damaged. They are therefore very
effective in the correction of random -bit errors.
To achieve partial immunity to
longer -burst errors, the data are
also interleaved. Interleaving refers
to the systematic scrambling of bytes
from adjacent packets. Figure 13

the state diagrams that demonstrate their formation and decoding. Take a peek at Figs. 14 and
15 -the diagrams look like trellises.
They are considered convolutional,
because at any point in time the
output code word depends not
only on the present input data, but
also on the state of the encoder
a function of past input data.
Examine Fig. 14 more closely,
and it's easy to see how trellis coding works. The encoder has four
states, labeled "A" through "D." It
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Fig. 13. From the receiver's viewpoint, interleaving causes burst errors to look like random bit

errors.

provides an example of a simplified
interleaver and shows how interleaving can distribute the effects of
burst errors over a broad range of
non -adjacent bytes. However where
the interleaver of Fig. 13 is comprised of only four stages with a
maximum delay of 12 bytes, DTV's
interleaver has 52 stages with a
maximum delay of 204 bytes. The
interleaving sequence is initialized at
the start of every data field, resulting in the mixing of bytes over a
range of 52 packets. When the
data are "de- interleaved" in the
receiver, burst errors are dispersed,
affecting small portions of several
packets rather than a large part of
any one packet. This dispersion
allows the use of RS parity to correct much larger errors than would
otherwise be possible.
After interleaving, the data directly
associated with any one packet
are scrambled. When we look ahead
to the structure of a VSB data frame,
we see that interleaved data and
RS parity bytes will be grouped into

segments. One segment contains
the data equivalent to 207 interleaved bytes, which is precisely the
amount of data contained in one
packet, plus its associated parity.
In the next and final stage of

each interleaved byte (8 bits)
will be converted to 12 channel bits.
Channel bits are the product of
channel coding. The NATO alphabet-often heard in old war movies
provides a good example of channel coding. In a broken or noisy
radio transmission, the sequence
"Alpha- Bravo-Charlie" has a better
chance of being correctly understood -han simply "a -b -c," which
could come out sounding like "a -ee." Digital channel coding usually
involves adapting a unit of data to
a longer code word to enhance its
intelligibility in a potentially noisy FEC,

-
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TRANSISTION FROM STATE B OR D:
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IF CURRENT
INFORMATION BIT =

1

LOWER BRANCH
IF CURRENT
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C

Trellis Coding. Trellis codes belong
to a family of channel codes that
are called "convolutional." They are

Fig. 14. At any moment, the trellis encoder exists
at one offour states. As each information bit is
received, the encoder outputs two channel bits
and moves to the next state. The transition table
and trellis diagram demonstrate the eight possibilities associated with the encoding of any

named after the appearance of

information bit.

transmission system.
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source bit of and a transition to
state "C." Again, this vector and its
single -error alternative are traced.
Skipping ahead to the fourth pair
of received-channel bits, you will
see something interesting. The current state is "B," and the received
channel bits are 11. Although 11 is
not a valid channel code from state
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in error. This possibility is
also considered. The next two channel bits are 10, suggesting a valid
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"B," the decoder is not bothered
by this. It simply traces the two possible vectors from state "B" and

Fig. 15. Viterbi decoding is probabilistic. Each pair of received channel bits leads to a new vector
in the trellis. The decoder compares all possible vectors with those suggested by the received data,
and, over time, selects the path associated with the least number of errors (the most probable).

starts out at "A." As each bit enters
the encoder, two channel bits

emerge, and the encoder advances
up or down to the next state -the
example of Fig. 14 is a 6 -rate code.
The most common method of
unraveling trellis -encoded data has
been named Viterbi decoding after
its originator, Andrew Viterbi. For an
example of how it works, consider
Fig. 15. The initial state is assumed
to be "A." The decoder receives
the first pair of channel bits: 00.
Check the transition table of Fig.

notes the number of requisite bit
errors. The one -error vector would
more likely be the intended path
than the two-error vector, but the
errors encountered at this point are
carried through the next several nodes,
and many possible paths are evaluated. As the decoding progresses, improbable paths are closed
out and the path of least error emerges
as the most likely. Viterbi decoding
is probabilistic. It evaluates channel
data and recommends the most
probable source data.
There's an extra twist hidden in
the trellis encoder. 8VSB uses a 'k-

14, and you will see that 00 is a
valid channel code from state "A."
It is associated with a source bit of
0 and a transition back to state
"A." That vector is traced in the
decoder's memory with an indication to verify that no bit errors were
received if the vector was the
actual path intended in the original

transmission.
The only other valid channel code

from state "A" is 10. If 00 had been
falsely detected in place of 10,

then one bit would have been
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Fig. 16. DTV's trellis encoding approach is ingeniously wed to its 8VSB symbol mapping. Only half
of the source bits are actually trellis encoded. The other bits determine the sign of the signal created by the symbol mapper (they are assigned the greatest bit weight), so they are least likely to be
misinterpreted at the receiver.
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Fig. 17. ATSC transmissions have a framing structure reminiscent of analog video formats. Two
fields, each comprised of 313 segments, make up a frame.

rate trellis code, yet its overall coding rate is
That's because only
half of the source bits are trellis
coded. As you can see in Fig. 16, at
the threshold of the encoder, interleaved bytes pass through yet
another interleaver. Unlike the primary interleaver, the second is merely a "traffic cop," directing the incoming bytes to one of 12 trellis stages.
Each byte is split as it's fed to one
of the 12 stages, and only its even
bits (0,2,4,6) are trellis coded.
The odd bits pass through a pre coder, which performs a simple
operation. Starting with an output of
zero, it generates a transition when
its input is a one and holds its output state when its input is a zero.
This treatment is easily undone at
the receiver, and it produces a single bit for every bit processed.

The combination of a precoder
and trellis coder forms a complete
trellis stage. Each of the trellis stages
generate three bits for every input
rate.
pair, making up the overall
The de- interleaver multiplexes the
outputs of the 12 trellis stages into a
single three -bit-wide data bus, com-

pleting the encoding process.

When you consider the symbol
mapper, the elegance of the
approach becomes clear. The symbol mapper represents a trio of bits
as one of eight discrete DC levels
(a symbol), which will ultimately

correspond to carrier -amplitude
levels. From the chart on the symbol mapper in Fig. 16, note that the
precoded bit determines the sign
of the modulating DC level. It is
unlikely that the receiver will confuse a positive for a negative level

(or vice versa), except in the case
of +1, and -1, at which point the
two trellis-encoded bits are maximally differentiated (00 versus 11).
Furthermore, instances of the same
trellis -coded bits occurring on oppo-

of the polarity divide are
always four levels apart ( +1 and -7,
+3 and -5, +5 and -3, +7 and -1). This
highly efficient approach makes it
possible to reap the benefits of trellis encoding, while only encoding
half of the source data.
After symbol mapping is done,
field- and segment-synchronization
signals are added to the train of
8VSB channel symbols. They are binary for easy identification; and they
toggle between high and low states,
which correspond to 8VSB levels of
+5 and -5. Fig. 17 details the positions of the sync signals in the overall framing structure.
Segment sync consists of the
four-symbol pattern 1001. It is the only
non -random repeating pattern in the
transmission, occurring at regular 77.3
-microsecond intervals so it stands
out clearly.
Field sync occupies a complete
segment and occurs once in every
313 segments. Most of it consists of
several repeating pseudo- random
patterns, spanning 700 symbols. Of
the remaining 128 symbols, 24 indicate the VSB mode of the transmissite sides

sion (currently either 8VSB or 16VSB).
The balance is reserved, serving no

defined purpose.
The combination of 8VSB channel symbols and sync patterns will
be used to modulate the RF carrier,
but not until a slight adjustment is
made.
Pumping It Out. Any transmission
system is most efficient if it fully utilizes all of its available bandwidth.
DTV has been designed to use all of
its 6 -MHz channel bandwidth nearly all of the time. It is therefore said
to be noise -like; when observing an
ATSC channel over time, one finds

an equal distribution of energy
from upper to lower band edge
the defining characteristic of white

-

noise.
DTV uses an amplitude- modulation format that takes advantage
of a technique called carrier suppression. This eliminates AM's char
(Continued on page 67)
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Getttn Iylsíáe an NCO
TOM NAPIER

Learn about numerically-controlled oscillators by building one.

0

ne of the things that makes
electronics fun is discovering
the odd chips that have been developed to solve specific problems. first
heard of numerically -controlled oscillator (NCO) chips some ten years ago.
If hadn't, some of my designs, such
as the VME bit synchronizer that
described in "Sifting Signals from
Noise" (Electronics Now, April 1999),
would not have been possible.
Here, I'm going to explain how NCOs
work and how you can learn about
them by building one from a handful of TTL parts.
I

I

I

What Do NCOs Do? NCOs are very
handy to have in your electronic
"bag of tricks" once you understand their capabilities. For example, you can generate very pure
and very accurate sinewaves anywhere from sub -audio frequencies
to around 30 MHz with only a crystal oscillator, an NCO chip, a fast
digital -to- analog converter (DAC),
and a low -pass filter. The output
can readily be phase- or frequency- modulated.
The frequency synthesizer in signal generators and in virtually every
TV set and FM radio uses a voltage controlled oscillator (VCO). Dividing

output down and then comparing it with a low- frequency reference sets its frequency. Any phase
error between the divided frequency and the reference changes the
voltage, which drives the oscillator.
You change the output frequency
by changing the division ratio. Unfortunately, the extent of the change
is usually limited to about two-toone by the varactor diode that
tunes the LC oscillator. Since the
rate at which the output frequency
can change is limited by the bandits

Ull
width of the loop filter, a VCO can
take tens of milliseconds to settle to
a new frequency. Although that
doesn't sound like much time, it
does have an effect.
name implies, uses a
wide binary number to specify its output
frequency. Consequently, an NCO's
frequency can be set very accurately
over a very wide range. Because the
NCO is an open-loop device, its output
frequency changes almost instantaneously. This makes the NCO ideal for
generating FM- and frequency- shift-key
The NCO, as its

(FSK)-modulated signals. Without NCOs,

spread- spectrum transmitters and
receivers would not be possible. As I'll
explain, tt's also easy to phase modulate the NCO's output.

The NCO is particularly easy to
tune to a specific frequency since
its output frequency is a linear function of the tuning number that you

apply. Some NCO chips even accept
a binary-coded -decimal (BCD) input

and can be driven directly from
front -panel thumb -wheel switches.
The accuracy and stability of the
output frequency is as good as that
of the crystal oscillator that drives
the NCO, and the output sinewave
is free of harmonics. (It does contain
traces of non -harmonically related
"spurious" frequencies, which can be
a nuisance in some applications.)
How Does An NCO Work? The NCO
is

based on a simple principle.

If
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Fig. I. A typical NCO chip contains circuits for phase- or frequency- modulation in addition to the
basic phase accumulator and sine converter.

you keep adding the same number to a fixed -length binary register,
the rate at which the register wraps
around is a linear function of the
number you add. Of course, it is also
a function of how many times a
second you add it.
Suppose you had a 16 -bit register and an adder. Since any carries
into the 17th bit are lost, any sum
higher than 65,535 takes you back
to the start. Because it takes 65,536
counts to loop around once, let's
add a number to the register 65,536
times a second. If that number is 1,
then every second you will have
added it 65,536 times and the register will have wrapped around

once. If you could connect a 16 -bit
digital -to- analog converter to the
register, you would see an output
voltage that would make 65,536
steps from zero to full -scale and
then back to zero. It would repeat
that ramp once per second.
Now add 2 every time. The ramp
will go up in steps of Iwo and repeat
twice per second. If you added 1000
every time, the ramp would make
65 or 66 big steps. The wrap-around
rate would now be kHz even though
the register wouldn't pass through
the same steps each time. As you
use bigger numbers, the shape of
the ramp becomes more irregular,
but its repetition rate is still exactly
proportional to the number you add,
if that number is less than about
half the register size.
A ragged ramp might not look
like a very useful output, but that's
because we are not finished with it
yet. Most NCO chips contain a sine conversion section. This treats binary numbers as the phase of a
1
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sinewave and converts them into
numbers that correspond to samples of a sinewave. When you put
in a linear ramp, you get out numbers that, when converted to analog form, make a perfect sinewave.
A complete NCO system consists of
the digital NCO chip and a 12 -bit
DAC. The DAC generates a sinusoidal analog output from the numbers supplied by the NCO.
Of course, the sine output still has
little steps in it. Since these occur at
the NCO clock rate, they contain
frequencies that are usually much
higher than the desired output frequency. Filtering them out leaves a
pure sinewave at exactly the specified frequency.
What's Inside An NCO Chip? A typical NCO chip is shown in Fig. 1. The
register and adder are generally at
least 32 bits wide; the registers of
some chips go as high as 48 bits.
The longer the register, the finer the
frequency resolution. Only the top
14 or so register bits are connected
to the sine look -up circuit. Additionally,
not more than 12 bits are available
to be connected to the DAC,
mainly because fast DACs don't
have more than 12 input bits.
The basic parts of the NCO are
the frequency-control register, the
adder register (often called the phase
accumulator) and the sine converter.
However, practical chips often contain other functions. For example, they
might have two multiplexed frequency- control registers, allowing rapid
FSK modulation by switching between
them. Alternately, two frequencycontrol registers can be added
together before being used. That

allows one number to set the center frequency and a second number to apply frequency modulation. There is no discontinuity in the
output sinewave when the frequency of an NCO changes. The new
frequency starts at the phase and
amplitude where the old one left
off.
A number can also be added to
the ramp from the phase accumulator before it is sine converted. This
number changes the phase of the
output signal, making it easy to apply
phase modulation to the output. In
an important special case, only the
two most significant bits of the ramp
are changed. This applies quadratic phase -shift modulation (QPSK) to
the signal. QPSK is widely used for
transmitting digital data, since two
bits can be sent with each change
of the carrier phase. Placing a multiplier chip between the NCO and
the DAC allows the output to be

amplitude modulated. Combining
amplitude and phase modulation
generates the QAM signals used in
modems to transmit data down
telephone lines.
What sets the output frequency?
The output frequency of the NCO
depends on three things:
the accumulator width
the update rate
the size of the added number
The NCO's designer fixes the first,
the clock that drives the NCO sets
the second, and the user controls
the third. A useful relationship between
them is the frequency generated by
one unit in the control number. This
frequency is the resolution with which
the output frequency can be set; it
may be a tiny fraction of a Hz. The
unit frequency is given by:

clock frequency /2register width
If the clock frequency is 20 MHz
and the register has 32 bits, the unit

frequency is 20,000,000/4,294,967,296,
or 0.0046566 Hz. With those constants, you can set any frequency
you want from less than Hz to over
5 MHz with an accuracy of better
1

than 0.005 Hz.
If you wanted an output of 12,345
Hz, you would divide 12,345 by
0.0046566 and get a frequency set-
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The EPROM is only needed if you want to experiment with a sinewave output.
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squarewave.

ting number of 2,651,068. In this
case, the error in setting the output
frequency is under 0.5 parts per million, probably much less than the
error in the crystal frequency.
The practical upper frequency
limit of an NCO is about 25% of the
clock frequency. With careful filter
design, that can be pushed to
about 40 %. What limits the clock
frequency is how fast the chip can
add wide numbers and how fast a
DAC you can afford. Commercial
NCO chips use tricks such as
pipelining the addition to achieve
clock rates in the 80 -MHz region.
With a fast enough DAC, they can
generate sinewave outputs up to
30 MHz. Very expensive gallium arsenide NCO chips run about ten
times faster.
Why Filter? The filter on the output
of the DAC is important because, by
virtue of the steps generated by the
DAC from each sample, the DAC

output contains "image frequencies." The most bothersome of these
equal to the clock frequency minus
the desired output frequency. The
output also contains further images
at these two frequencies summed
with multiples of the clock frequency,
48 but they are less important.
is

the output frequency to a smaller
fraction of the clock frequency.

2700

101

REF

A sharp cut-off filter will generate
horrible spikes in the output waveform. It may be better to use a filter
with a gentler roll -off and a better
step response, although this limits

you want an output of 10 MHz
and your clock is 50 MHz, then
there is an image frequency in the
If

output at (50-10) or 40 MHz. The
output filter must reduce the amplitude of that unwanted frequency
to an insignificant level. This is not
too hard, but as you increase the
output frequency, the image frequency gets lower. At an output of
20 MHz, the image is at 30 MHz. You
would need a rather sharp filter to
get rid of it and still pass 20 MHz.
People often ask me, "Doesn't
the filter need to be tuned to the
output frequency?" The answer is
"In theory, no. Its job is to filter out
frequencies above half the clock
rate, and that is fixed." In practice,
if the clock rate is much higher
than the highest output frequency
you will ever use, it would pay to
use a filter that cuts off just above
your highest output frequency. This
will give you a cleaner output with
a simpler filter.
Choosing the filter is the one
area of NCO design where you run
into compromises. In general, sharp
cut-off filters ring when you feed
steps into them. This may not matter
unless you phase modulate. Binaryphase modulation can cause full scale steps in the sinewave output.

Making Tunable Squarewaves. Oddly
enough, a major use of NCOs is to
generate accurate tunable square waves. The filtered sinewave is fed
to a zero -biased comparator chip
to make a jitter -free squarewave
whose frequency can be set over
many decades. In effect, the sine
conversion and the filter interpolate between the fixed -time intervals set by the NCO clock. That
makes a far more versatile and
compact clock for a data- recovery system than the usual VCO and
adjustable- divider circuits.
The problem with NCO chips is

that not many companies make
them, and you can't always get
the combination of functions that
you want. They also are not cheap
they range from about $15 to $150
each. Thus, users tend to look for
alternative solutions. For example, it

-

is

quite easy to implement the phase-

accumulator part of an NCO in a
programmable logic chip; the sine conversion part takes up space. That's

what prompted me to find another
way to interpolate the time intervals.
Doing Without Sine Conversion.
Some years ago,
was using an
NCO whose sine table was in an
external PROM. This was a nuisance, so looked for a way around
it. The NCO's output was the raw
ramp samples, but it could be
switched to generate a ramp -up/
ramp-down waveform. Suppose
fed that NCO output to the DAC?
Provided that the sample rate is
greater than four times the output
frequency, there will always be a
line between two adjacent DAC
output levels that crosses zero at
the same point in each cycle.
As it happened, was rather familI

I

I

I

iar with linear-interpolation fitters. Putting

one of them on the DAC output
generated a waveform whose zero
crossings were exactly where the
squarewave transitions should be.
tacked on a comparator chip and
got squarewaves without using either
I
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Fig. 4. Use this filter to get a sinewave output from the EPROM.

a sine convertor or a sharp
filter.

cut-off

This circuit gives perfect results
up to 25% of the clock frequency.

The squarewave doesn't become
too jittery to be useful until you

increase the output frequency
beyond 35% of the clock, which is
about where the conventional circuit also fails. The interpolation filter
uses only two capacitors and two
inductors, none of which is very critical. This circuit has another advantage: it can be easily built from TTL
parts and standard inductors.
are four
ways to experiment with NCOs. You
can buy an NCO chip and figure
out how to drive it. If you have the
tools, you can program an FPGA to
emulate an NCO in hardware. You
can even program a microcontroller to emulate a slow NCO in
software.
However, while no one would
want to use so much board space
in a commercial design, the cheapest and easiest way to get started is
to build an NCO from TTL parts.
Figure 2 shows the digital section of
a basic 16 -bit NCO made from registers and adders. The EPROM and
its output register (IC10 and IC11)
are optional.
A Do- It-Yourself NCO. There

The 74LS283 four -bit adder chips
(IC1, IC3, and IC4) and the 74LS374
8 -bit registers (IC2 and IC5) form

the basic phase accumulator. This
is one application where the pinout
of the 74LS374 is more convenient
than the straight-across pinout of
the 74LS574. All chips have 0.1 -11F
capacitors between their 5 -volt
lines and ground pins.
used 8 -bit DIP switches (S1 and
S2) with 10k pull -up resistors (R10
and R11) for the frequency input.
You might want to use a more sophisticated input such as register chips
linked to a computer's parallel port.
Commercial NCO chips often use
a computer -compatible byte -wide
input to load the frequency setting
register a byte at a time.
The ramp from the accumulator
is converted to a ramp -up /rampdown waveform by two 74L586
EXCLUSIVE -OR chips (IC7 and IC8).
reclocked their output with a further 74LS374 (IC9) for two reasons.
One is that the DAC output has
smaller glitches when all of the
input bits change synchronously.
The other is that by disabling the
outputs of the LS374, you can connect other sources, such as a sine
generator, to the DAC. You don't
need to use LS parts; HC or HCT
series chips will work as well and
I

I

otherwise noted.)
R1, R2- 3300 -ohm
R3-1500 -ohm
R4 -6800 -ohm
R5- 270 -ohm
R6 -2200-ohm
R7 -100 -ohm
R8, R9- 10,000 -ohm, 10 -pin, single inline package
CAPACITORS

Cl, C2, C7, C8- 0.1 -RF, ceramic -disc

C3- 0.047 -RF, ceramic -disc

C4 -1 -pF (see text)
C5 -68 -pF or 150 -pF, ceramic -disc (see
text)
C6-56-pF or 47 -pF, ceramic -disc (see
text)
-RF, 16 -WVDC, tantalum
C9
electrolytic
C10, C11- 15 -RF, 16 -WVDC, tantalum
electrolytic

-5

ADDITIONAL PARTS AND MATERIALS

11-Jumper block
S 1,

S2-Single -pole,

single- throw,

8- device DIP- switch bank

OCC1-4.9152 -MHz oscillator

(DigiKey CTX108 -ND or similar)
L1 -22 -p.H or 220-RH inductor (see
text)
L2 -68 -0H or 22 -RH inductor (see text)
IC sockets, wire -wrap board, wire -wrap
wire, hardware, etc.

might be easier to find these days.
A 4.9152 -MHz crystal oscillator
(XTAL1) provides the clock. The adders
can run at about three times that 49
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CONVERSION

D

rate, but the DAC output gets
messy if you go much faster. A 5MHz speed is also about as fast as a
sine -pattern look -up EPROM can
run if you chose to add one.
This clock gives a unit frequency
of 75 Hz so you can set any frequency which is a multiple of 75 Hz.
The maximum useful output frequency is around 1.5 MHz. Using more
adders and registers will improve
the resolution by a factor of 16 per
adder chip.
Figure 3 shows the DAC, filter, and
the comparator circuit, which converts the ramp-up /ramp -down samples first into an analog ramp and
then into a squarewave. Adjusting
R4 can equalize the on -off ratio of
the squarewave.
National Semiconductor's DAC0800

I

1

Fig. 5. These diagrams show additions to the basic NCO circuit for frequency-shift keying (A), frequency modulation (B), binary phase -shift keying (C), and phase modulation (D).
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of a DIP socket so that could
unplug it and change things.
This was just as well since found
two problems. One was that the comparator output chattered at low -output frequencies; had to add about
250 mV of hysteresis with R6 and R7.
The other was that the "major-carry"
glitch of the DAC0800 comes just at
the point where you want the comparator to fire. Glitches can't be filtered out, but they can be cancelled. Capacitor C4 in Fig. 3 is
about pF. It consists of two pieces
of wire-wrap wire twisted together
for about an inch. It couples enough
of the digital input into the analog
output to minimize the effect of the
glitch.
I

SINE
CONVERSION

is a cheap ($2.20) 8 -bit DAC chip
that is just fast enough for this application. It does need a negative
supply between -5 volts and -15
volts. wanted to run this board off
a single 5 -volt supply, so added an
ICL7660 inverter chip (IC14) to supply a few milliamps at -5 volts. This
rail also runs the LM311 comparator
I

I

(10 13).

The filter shown here will interpolate linearly between samples that
are 200 nS apart. If you change the
clock frequency, you should change
the inductance (L) and capacitance (C) values in proportion.
Since this circuit is only the start of
an NCO-experimentation system, it
pays to hook it up with wire -wrap
sockets on a board with room for
expansion. wired the filter on top
I

Making Sinewaves. This circuit has a
squarewave output. If you want a
sinewave output; then, as shown in
Fig. 2, you can wire in an EPROM

that has been programmed to convert addresses to sinewave samples.
The necessary code is available as
an Intel hex file from the Poptronics
FTP

site

(www.gernsback.com/pub/

pop/ sinewave pattern. hex).

The sine table is only 1024 bytes
long; which EPROM you use depends
on what you can find and program,
provided it has an access time of
200 nS or better. used a 4 -kB 2732A
I

chip from an old computer board,
but these are difficult to find now.
(Continued on page 67)
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GORDON MCCOMB

with Servomotors

The typical DC motor is inherently an
"open- feedback" system-you give it

juice and it spins. How much the motor
spins is not always known, not even for a
stepper motor, which turns by finite
degrees based on the number of pulses it
gets. Should something impede the
rotation of the motor, it may not turn at
all. There's no easy, built-in way that the
control electronics would know that
something is in the way.
Servomotors, on the other hand, are
designed for "closed- feedback" systems.
The output of the motor is coupled to a
control circuit; as the motor turns, its speed
and/or position are relayed to the control circuit. If the rotation of the motor
is impeded for whatever reason, the
feedback mechanism senses that the output of the motor is not yet in the desired
location. The control circuit continues to
correct the error until the motor finally
reaches its proper point.
Servos come in various shapes and
sizes. Some are smaller than a walnut,
while others are large enough to take up
their own seat in your car. You can find
them in everything from the controls for
computer-operated lathes to copy machines,
model airplanes, and cars. Those last applications are the ones of most interest to the
hobby-robot builders: the same servomotors used with model airplanes and cars can
readily be used with your robot.
These servomotors are designed to
be operated with a radio -controlled link
and so are commonly referred to as
radio- controlled (or R/C) servos. However,
the servomotor itself is not what is
radio -controlled; it merely connects to a
radio receiver on the plane or car. You
can control a servo with your PC or a
microcontroller such as the Basic Stamp.
This month, we'll review what R/C
servos are and how they can be put to
use in a robot. We will limit the discussion to R/C servos. While there are
other types of servomotors, the R/C
type is commonly available and reason-

Fig. 1.
motor

A

typical radio- controlled (R/C) servo

ably affordable. When you see the term
servo in the text that follows, understand
that, for simplicity's sake, it specifically
means an R/C servomotor, even though
there are other types.
How Servos Work
Figure 1 shows a typical standard sized R/C servomotor, which is used
with flyable model airplanes and model
racing cars. The size and mounting of a
standard servo is the same regardless of

the manufacturer, which means that you
have your pick of a variety of makers.
Inside the servo is a motor, a series of
gears to reduce the speed of the motor, a
control board, and a potentiometer. The
motor, potentiometer, and control board
connect together to form a closed-feedback loop. A constant DC voltage (usually between 4.8 and 7.2 volts) powers
both control board and motor. To turn
the motor, the control board sends out a
digital signal. That signal activates the
motor, which, through a series of gears,
turns the potentiometer. The position of

the potentiometer's shaft indicates the
position of the output shaft of the servo.
When the potentiometer has reached
the desired position, the control board
shuts down the motor.
As you can surmise, servomotors are
designed for limited rotation rather than
for continuous rotation like a DC or stepper motor. While it is possible to modify
an R/C servo to rotate continuously, the
primary use of the R/C servo is to achieve
accurate rotational positioning over a
range of 90° or 180 °. While this may not
sound like much, in actuality such control
can be used to steer a robot, move legs up
and down, rotate a sensor to scan the
room, and more. The precise angular rotation of a servo in response to a specific
digital signal has enormous uses in all
fields of robotics.
Positioning the motor shaft of an
R/C servo uses a technique called pulse width modulation (PWM). In that system, the servo responds to the duration
of a steady stream of digital pulses.
Specifically, the control board responds
to a digital signal whose pulses vary from
about one millisecond (one thousandth
of a second, or mS) to about two mS.
Those pulses are sent some 50 times per
second. The exact length of the pulse, in
fractions of a millisecond, determines
the position of the servo. Note that it is
not the number of pulses per second that
controls the servo, but the duration of
the pulses, that matters. The servo
requires about 30 to 60 of those pulses
every second. This is referred to as the

Table

1

Typical Servo Specifications
Servo Type

Length Width

Standard
1.6 in.
0.8 in.
-scale
2.3 in.
1.1 in.
Mini -micro
0.85 in. 0.4 in.
Low profile
1.6 in.
0.8 in.
Small Sail winch 1.8 in.
1.0 in.
Large Sail winch 2.3 in.
1.1 in.

Y<

Height

Weight

1.4 in.

1.3
3.4
0.3
1.6

2.0 in.
0.8 in.
1.0 in.
1.7 in.

2.0 in.

oz
oz
oz
oz
2.9 oz
3.8 oz

Torque
42 oz-ir
130 oz-:n
15 oz-in

60 oz-in.
135 oz-in
195 oz-in

Transit time
0.23 sec /604
0.21 sec /602
0.11 sec /602
0.16 sec /604
0.16 sec/60' (1 sec /3604)
0.22 sec /602 (1.3 sec /3604)
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PULSE
PERIOD

1.5 mS

2.0 mS

A

B

C

Fig. 2. Pulse -width modulation controls the
position of the output shaft of the servo motor

refresh rate; if the refresh rate is too low,
the accuracy and holding power of the
servo is reduced.
At a duration of one mS, the servo is
commanded to turn all the way in one
direction (let's say counterclockwise, as
shown in Fig. 2C). At two mS, the servo
is commanded to turn all the way in the
other direction. Therefore, the 1.5 -mS
length sets the servo to its center (or
neutral) position.
The power delivered to the motor
inside the servo is also proportional to the
difference between where the output shaft
is and where it's supposed to be. If the
servo has only a little way to move to its
new location, then the motor is driven at
a low speed. This ensures that the motor
doesn't "overshoot" its intended position.
But if the servo has a long way to move to
its new location, then the motor's driven
at full speed in order to get it there as fast
as possible. As the output of the servo
approaches its desired new position, the
motor slows. What seems like a complicated process actually happens in a very
short period -the average servo can rotate

ibility. Since you're not likely to use a
radio receiver with the R/C servos in
your robot, you'll need to do some
experimenting to find the best pulse width ranges for the servos you use. This
is just part of what makes robot experimenting so much fun!
Servos also vary by the amount of
rotation they will perform for the 1- to
2 -mS (or whatever) signal. Most standard servos are designed to rotate back
and forth by 90° to 180 °, given the full
range of timing pulses. You'll find the
majority of servos will be able to turn a
full (or very near) 180 °.
Should you attempt to command a
servo beyond its mechanical limits, the
output shaft of the motor will hit an internal stop. This causes the gears of the servo
to grind or chatter. If left this way for
more than a few seconds, the gears of the
motor may be permanently damaged.
Therefore, when experimenting with servomotors, exercise care to avoid pushing
them beyond their natural limits.
While the standard -sized servo is the
one most commonly used in both robotics and radio -controlled models, other
R/C servo types, styles, and sizes exist as
well. Examples include:

-

Quarter -scale (or large-scale) servos
These are about twice the size of standard servos and are significantly more
powerful. Quarter -scale servos are designed for large model airplanes, but
they also make perfect power motors
for a robot.

Mini -micro servos -About half the
size (and smaller!) of standard servos,
mini-micro servos are designed to be
used in tight spaces in a model airplane or car. They aren't as strong as
standard servos, however.

I

(

GROUND

SIGNAL

+V

Fig. 3. The standard pinout of servos is pin 1 for
signal, pin 2 for +V, and pin 3 for ground. In
this configuration, damage will not usually
occur if you accidentally reverse the connector

tract the landing gear of mediumand large -sized model airplanes, you
would use this type of servo. The
design of the landing gear often
requires the servo to guarantee at
least 170° rotation, if not more (i.e.,
up to and exceeding 360° of motion).
Retraction servos tend to have slimmer profiles than the standard variety because of the limited space on
model airplanes.
Typical Servo Specifications

R/C servomotors enjoy some standardization. This sameness applies primarily to standard -sized servos, which
measure approximately 1.6 inches by 0.8
inch by 1.4 inches. For other servo
types, the size varies somewhat between
makers, as these are designed for special-

Sail -winch servos -Designed with maximum strength in mind, these are primarily intended to move the jib and
mainsail sheets on a model sailboat.

ized tasks.
Table 1 outlines typical specifications
for several types of servos, including
dimensions, weight, torque, and transit
time. Of course, except for the size of
standard servos, these specifications can
vary between brand and model. A few of
the terms used in the specs require extra
discussion; let's start with torque. The

Landing -gear -retraction servos -To re-

torque of the motor is the amount of
force it exerts. The standard torque unit

a full 60° in a quarter- to half- second.

The actual length of the pulses varies
between servo brands and sometimes
even between different models by the
same manufacturer. The 1- to 2 -mS range
is typical but is by no means set in stone.
When you are purchasing a servo for a
model airplane or car, you should typically mate it with a radio receiver made
52

by the same company to ensure compat-

Table 2
Connector Pinouts Of Popular Servo Brands
Brand
"New" Airtronics
"Old" Airtronics
Futaba
Hitec
JR

Pin 1 (Left)
Signal
Signal
Signal
Signal
Signal

Pin 2 (Center)
+V
Gnd
+V
+V
+V

Pin 3 (Right)
Gnd
+V
Gnd
Gnd
Gnd

HIMOI1

+V FOR BS11

+6v DC
o

I

ANY I/O
PIN

SERVO

GROUND FOR
+6V DC SERVO
POWER

BASIC
STAMP

CONNECTED
GROUNDS

I-

Ia

GROUND FOR
BSI POWER

+V

Fig. 4. Hookup diagram for connecting a servo
to a Basic Stamp II.

of measure for R/C servos is expressed
in ounce- inches-or the number of
ounces the servo can lift when the
weight is extended one inch from the
shaft of the motor. Servos exhibit very
high torque thanks to their speed- reduction gear trains.
The transit time (also called slew
rate) is the approximate time it takes for
the servo to rotate the shaft X° (usually
specified as 60 °). Small servos turn at
about a quarter of a second per 60 °,
while larger servos tend to be a bit slower. The faster the transit time, the "faster
acting" the servo will be.
You can calculate equivalent RPM by
multiplying the 60° transit time by 6 (to
get full 360° rotation), and then dividing
the result into 60. For example, if a servomotor has a 60° transit time of 0.20
seconds, that's one revolution in 1.2 seconds (0.2 x 6 =1.2), or 50 RPM (60/1.2 =50).
Bear in mind that there are variations
on the standard themes for all R/C servo
classes. For example, standard servos are
available in the more expensive highspeed and high- torque versions. Servo
manufacturers list the specifications for
each model, so you can compare and
make the best choice based on your particular needs.
Many R/C servos are designed for
use in special applications, and these
applications can be adapted to robots.
For example, a servo engineered for a
model sailboat will be water resistant
and therefore useful on a robot that
works in or around water.
While many aspects of servos are
standardized, there is great variety in the
shape and electrical contacts of the connectors used to attach the servo to a
receiver from one manufacturer to another. There are three primary connector
types found on R/C servos: the "J" or
Futaba style, the "A" or Airtronics style,
and the "S" or Hitec/JR style.
The physical shape of the connector

The wiring of
the connectors (called the pinout) is also
critical. Fortunately, all but the "old style" Airtronics servos (and the occasional oddball four-wire servo) use the
same pinout, as shown in Fig. 3. With
very few exceptions, R/C servo connectors use three wires, providing DC
power, ground, and signal (or control).
Table 2 lists the pinouts for several popular brands of servos.
Most servos use color coding to indicate the function of each connection
wire, but the actual colors used for the
wires vary between servo makers. Table
3 lists the most common colors used in
several popular brands.

SOLDER HERE

is just one consideration.

Controlling a Servo
Unlike a DC motor, which runs if
you simply attach battery power to its
leads, a servomotor requires proper
interface electronics in order to rotate
its output shaft. While the need for
interface electronics may somewhat
complicate your use of servos, the electronics are actually rather simple.
Moreover, if you plan to operate your
servos with a PC or microcontroller
(such as the Basic Stamp), all you need
for the job is a few lines of software.
A DC motor typically needs power
transistors, MOSFETs, or relays for
computer control. A servo on the other
hand can be directly coupled to a PC or
microcontroller with no additional electronics. Saving you the hassle, the control board in the servo takes care of all of
the power -handling needs. This is one
of the main benefits of using servos with
computer -controlled robots.
The Basic Stamp II is a popular
microcontroller used to interface with
various robotic parts, including servos.
The Stamp can directly control one or

2 7K

RESISTORS

SOLDER HERE
CONNECTIONS FROM
REMOVED POT

Fig. 5. To modify a servo, you must replace the
internal potentiometer with two 2.7K resistors,
wired as shown here.

more servos. However, the more servos
being controlled, the more processing
time is required to send pulses to each
one (without resorting to some higher level programming, which we'll leave to
the Stamp- specific books).
Figure 4 shows the hookup diagram
for connecting a standard servo to the
Basic Stamp II. Note that the power to
the servo does not come from the Basic
Stamp II or any prototyping board that
it's on. Servos require more current than
the Stamp provides. A pack of four AA
batteries is sufficient to power the servo.
For proper operation, ensure that the
grounds are connected between the
Stamp and the battery pack. Use a 33- to
47 -11F capacitor between +V and ground
of the AA -battery pack to help kill any
noise that may be induced into the electronics when the servo turns on and off.
Software for operating the servo can be
found on the Basic Stamp Web page at
wunw.parallaxinc.com, among other sources.
R/C receivers are designed with a
maximum of eight servos in mind. The

receiver gets a digital pulse train from
the transmitter, beginning with a long
sync pulse, followed by as many as eight
servo pulses. Sending pulses to a series
of servos can consume all the computational time of the typical microcon-

Table 3
Color Coding Of Popular Servo Brands
Servo
Airtronics

Cirrus
Daehwah
Fleet
Futaba
Hitec
JR
KO

Kraft
Sanwa

+V
Red
Red stripe
Brown
Red
Red
Red
Red
Red
Red
Red
Red (4.8 v)
White (2.4 v)
Red stripe

Gnd
Black
Blue
Blue
Brown
Black
Black
Black
Black
Brown
Black
Black
Black
Black (in center)

Signal
White
White
White
Orange
White
White
White
Yellow
Orange
Blue
Orange
Yellow
Black
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troller (Basic Stamp, BasicX, OOPic,
etc.), leaving little or no "spare" time for
other robotic functions. A dedicated
servo controller, available from a number of sources, including Scott Edwards
Electronics and NetMedia, off-loads the
servo control task allowing the micro controller to concentrate on other
things. Dedicated servo controllers can
operate five, eight, or even more servos
autonomously, which reduces the program overhead of the microcontroller or
computer you are using.
The main benefit of dedicated servo
controllers is the ability to control a
great number of servos simultaneously,
even if your computer, microcontroller,
or other circuitry is not multitasking.

Modifying a Servo for Continuous
Rotation
Many brands and models of R/C servos are readily modifiable for continuous rotation like a regular DC motor.
Such modified servos make great drive
motors for your robot. Modified servos
can be easier to use than regular DC
motors since they already have the
power -drive electronics built in; they
come already geared down; and they are
easy to mount on your robot.
Servo modification varies somewhat
between makes and models, but the
basic steps are the same:
Remove the case of the servo to
expose the gear train, motor, and
potentiometer. Remove the four
screws on the back of the servo case
and separate the top and bottom.
File or cut off the nub on the underside of the output gear that prevents
full rotation. This typically means
removing one or more gears, so don't
lose any parts. If necessary, make a
drawing of the gear layout so you can
replace things in their proper location!
Remove the potentiometer and replace
it with two 2.7K, 1% tolerance
( "precision ") resistors, wired as
shown in Fig. 5. That fools the servo
into thinking that it's always in the
"center" position. An even better

approach is to relocate the potentiometer to the outside of the servo
case, so that you can fine -tune adjust-

54

ments to the center position. Alternatively,
you can attach a new 5K or 10K
potentiometer to the circuit board
outside the servo.

On the Web
Dedicated Servo Controllers

FerretTronics
www. ferrettronics. corn

Scott Edwards Electronics
www.seetron.com

Selected Microcontrollers for
Amateur Robotics
Basic Stamp
www.parallaxinc.com
BasicX
www.basicx.com
OOPic
www. oopic. corn

Servos and Amateur Robots
www.robotoid.corn/
www.seattlerobotics.org/guide/servo
hack.html
NetMedia
www.web-hobbies.com

Reassemble the case.
Specific instructions for modifying
servos can be found at www.seattlerobot
ics.orgiguide/servohack.html.

Attaching Servos to Wheels
and Robots
Servos reengineered for full rotation are most often used for robot
locomotion and are outfitted with
wheels. Since servos are best suited for
small- to medium -sized robots (under
about three pounds), the wheels for the
robot should ideally be between two
and five inches in diameter. Larger diameter wheels make the robot travel
faster, but they can weigh more. You
won't want extra -large 7- or 10 -inch
wheels on your robot if each wheel
weighs 1.5 pounds; that's the threepound practical limit right there.
The general approach for attaching
wheels to servos is to use the round
control disc that comes with the servo.
The underside of the disc fits snugly
over the output shaft of the servo. You
can glue or screw the wheel to the front
of the disc. Here are some ideas in that
department:
Large LEGO "balloon" tires have a
recessed hub that exactly fits the control disc included with Hitec and
many other servos. You can simply
glue the disc into the rim of the tire.

Lightweight foam tires, popular with
model airplanes, can be glued or
screwed to the control disc. The tires
are available in a variety of diameters.
If you wish, you can grind down the
hub of the tire so it fits smoothly
against the control disc.
A gear glued or screwed into a control disc can be used as an ersatz
wheel or as a gear that drives a wheel

mounted on another shaft.
In all of those cases, it's important to
maintain access to the screw used to
secure the control disc to the servo.
When you are attaching a wheel or tire,
be sure not to block the screw hole. If
necessary, insert the screw into the control disc first, and then glue or otherwise
attach the tire. Make sure that the hub of
the wheel is large enough to accept the
diameter of your screwdriver, so you can
tighten the screw over the output shaft
of the servo.
Servos should be securely mounted
to the robot so that the motors don't fall
off while the robot is in motion. In my
experience, attaching servos with duct
tape, electrical tape, and hook-and loop
(Velcro) leaves much to be desired
because of sticky residue and the inability to accurately align the motors.
Gluing is a quick and easy way to
mount servos on most any robot -body
material, including heavy cardboard
and plastic. Use only strong glue, such
as two -part epoxy or hot-melt glue. I
prefer hot -melt glue because it doesn't
emit the fumes that epoxy does, and it
sets much faster (about a minute in
normal room temperatures versus a
minimum of five minutes for fast-setting epoxy).
Another option is the servo mounts
included in many R/C radio transmitters and separately available servo sets.
You can also buy them separately from
the better-stocked hobby stores. The
servo mount has space for one, two, or
three servos. The mount has additional mounting holes that you can use to
secure it to the side or bottom of your
robot. Most servo mounts are made of
plastic, so if you need to make additional mounting holes they are easy to
drill.
You'll find more tidbits that are
interesting about using servos with
amateur robots at my Web page at
www. robotoid.com. That's all until next
time.
P
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"Wrecking Nice Beaches" with Voice
Recognition
Voice- recognition

technology has
come a long way from the days where
systems would interpret the phrase
"Recognize Speech" as "Wreck A Nice
Beach." Nowadays, computer -based software (for control and text dictation) as
well as stand -alone hardware is available
at reasonable prices. This month, we're
going to explore the latter with the
VoiceDirect 364 module from Sensory,
Inc. This module (see Fig. 1) is a great
introduction to the world of speech
recognition. While not as sophisticated as
the HM2007 speech -recognition kit that
we looked at back in December 1999
(Popular Electronics) and January 2000
(Poptronics), the module is less expensive
and more flexible. As with the HM2007
kit, the Voice Direct 364 performs speech
recognition independently in a standalone mode or it can function as a slave
under a host processor. The VoiceDirect
364 Speech Recognition kit was recently
reviewed in the "New Gear" column
(Poptronics, June 2000). The sidebar has
updated contact information.
In stand -alone mode, the VD 364 module can recognize up to 15 words or phases
lasting up to 2.5 seconds each. Working as
a slave under a host CPU, the module can
recognize up to 60 words. Communication
between the master CPU and the speech
recognition module takes place over a
three -wire serial interface.
When the module hears a word that it's
been trained to recognize, it outputs a digital signal corresponding to the word recognized. The output line(s) associated with
the word is brought high for one second.
That signal can be used to control external
devices with a minimum of external hardware. The module is designed to be
embedded into electrical switches, appliances, and consumer electronics.
Speech -recognition systems fall into
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1. The VoiceDirect 364 speech -recognition kit has a pre -built board that, with the included additional components, will have you issuing verbal orders to electronic equipment in no time.

Fig.

two processing categories: speakerdependent and speaker- independent.
The person who will use the system
trains a speaker -dependent system to
recognize his or her individual voice.
Speaker -independent systems, on the
other hand, respond to a word regardless of the speaker. The VoiceDirect 364
Module is speaker- dependent. This is
the most common approach employed
in software for personal computers.

systems concerns the style of speech that
they can recognize. There are three distinct styles of speech recognition: isolated, connected, and continuous. The three
styles are defined as follows:

Recognition Styles
Another factor in speech -recognition

Connected -This style allows multiple words. The VoiceDirect 364 is

Isolated-These speech -recognition
systems can only handle words that
are spoken separately. Ideally, each
word will be "isolated" by a moment
of silence before and after it is said.
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Fig. 2. The VoiceDirect 364 evaluation board has taken care of the "fussy" design requirements for
you; just add power and go! (Schematic courtesy Sensory, Inc.)

such a system and can recognize verbalizations up to 2.5 seconds long.
However, there should not be a
pause or period of silence greater
than % second during the verbalization.

Continuous -This is the natural,
conversational speech that we are
used to in everyday life. It is extremely difficult for a speech -recognizer to
sift through speech; the words tend
to merge. For instance, "Hi, how are
you doing ?" sounds like one long

word to
doing."

a

machine: "Hi- how-r -u-

The VoiceDirect 364
The heart of the VoiceDirect 364
module is the 364 speech -recognition
processor. The VoiceDirect 364 processor is available in a 64-pin quad flat -pack
package for anyone that needs or wants
to build a circuit from scratch. Thankfully,
the VoiceDirect 364 module provides
much of the preliminary hardware design work, including an AGC (automatic- gain-control) audio amplifier, ser56 ial EEPROM memory, and clock cir-

cuitry. The module's schematic, from

the Sensory, Inc. documentation, is
shown in Fig. 2. The module contains
extensive socket headers QP1 JP4) making it easy to connect external circuits to
the module.
Table 1 details the various module
pins that we're going to work with,
along with their function.

Getting

Up and Running
We can best explore the capabilities
that the VoiceDirect 364 offers by getting a module up and running. The
VoiceDirect 364 Speech Recognition
Kit costs $49.95 and contains the assembled VoiceDirect 364 module, microphone, speaker, four microswitches, two
resistors, an LED, and a set -up guide.
The schematic for connecting the
external components to the VoiceDirect
364 Module is shown in Fig. 3. The
VoiceDirect 364's printed- circuit board
measures 2 inches on each side. On one
side of the board are the 0.1 -inch header sockets that make it easy to connect to
the circuit. While the components supplied with the basic kit will get it up and

running, I added a few other components to make experimentation easier.
The kit includes LED9, R9, and R10.
The addition of R1 R8 and
LED1 LED8 makes monitoring the
outputs easier.
To experiment with the module, I
placed all the external components on a
solderless breadboard. Figure 4 is a photograph of that basic circuit. The components are connected with 22 -gauge stranded wire. I mounted the microswitches,
resistors, microphone, and LEDs on the
might not be that clear
breadboard

-it

from the photograph.
Caution! The schematics shown in
the VoiceDirect 364 manual detail the
board as seen from the top side. The
header sockets are mounted on the bottom side of the board, making the manual's diagram a mirror image from the
actual device in your hand. In contrast,
Fig. 4 shows the view of the board from
the solder side with the header sockets
facing up as you would actually see
them. Keep this in mind when comparing the Fig. 4 drawing to any of the
manual drawings.

TABLE 1
VoiceDirect 364 Pinouts
Name

Module

JP1

1

JP2
JP3
Preamp in
Mic Bias
AGND
+5V
PWM1

-16

Not used
Not used
Not used

9
1

Description

Pin

-9

DACOUT

JP2
JP2
JP2
JP2
JP2
JP2
JP2

-MHS

JP2

9

RECOG

JP2

10

TRAIN

JP2

11

Out1 -Out7

High /Out8

JP2
JP2

12 -18
19

ERROR
GND
Mode
Reset
LED

JP3
JP3
JP3
JP3
JP3
JP4

Config

JP4

PWMO

3, 5

Microphone Input Connection
Mic Bias (Electret microphone)
Analog Ground -do not connect to digital ground because of noise

4

Vce

6
7

Pulse Width Modulator Output 1, connects to 8 -32 -ohm speaker ( +)
Pulse Width Modulator Output 0, connects to 8 -32 -ohm speaker ( -)
Analog Audio Output- Provides better quality sound than PWM output,
requires amplifier
Stand -Alone Mode: not used (P0.1)
Slave Mode: Master Handshake (MHS)
Recognition -sensitivity selection and recognition activation
Slave Mode: not used
Training sensitivity selection and training activation
Slave Mode: not used
Stand -Alone mode: output lines 1 -7
Stand -Alone mode: output line 8 or higher
Slave Mode: Serial- Interface Data (SID)
Not Used -leave open
Stand -Alone mode Error Signal
Digital Ground, CPU core (pins 1 and 33)
Stand -Alone or Slave

1

2

8

1

-9

10

11,12
13
14
1

What Did You Say?
The VoiceDirect 364 module can
recognize 15 words in stand -alone mode.
When the Voice Direct Module recognizes a word, it bring that output associated with that word high for one second.
However, it has only eight outputs (connector JP2, pins 12 -19). To indicate that
one of words 9 through 15 has been recognized, the VoiceDirect 364 uses an
odd non -binary scheme:

V°,

Talk LED
Slave Mode: not used
CL Mode

between two banks of outputs depending
on the state of output 8. Unfortunately,
that page- switching technique would
need to take into account the fact that
Output 8 is also used for (suprisingly)
Output 8 -as long as Outputs 1 through
7 are not active. For simplicity, I am only
using eight outputs (eight words), so I
do not need to add a decoding circuit;
I'll leave that design exercise up to you.
Speech- Recognition Mode

Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word

1

2
3

4
5

6
7
8

9
10
11

12
13

14
15

Output 1
Output 2
Output 3
Output 4
Output 5
Output 6
Output 7
Output 8
Outputs 8
Outputs 8
Outputs 8
Outputs 8
Outputs 8
Outputs 8
Outputs 8

and 1
and 2
and 3
and 4
and 5
and 6
and 7

In order to access the individual outputs for all 15 words, you would need to
devise a decoding circuit that switches

Selection
The VoiceDirect 364 Module has
three operating modes for recognition.
The first mode, called the SD mode,
forces a user to press a button before
uttering a word for the circuit to recognize. This is a counterintuitive operation
for any speech-recognition function. If a
user is forced to press a button each time
the circuit needs to recognize a word,
why not just control the functions with
buttons in the first place? Okay, so we'll
forget about the SD mode and chalk it
up to an obsolete mode held over from
previous generations of speech- recognition circuits from Sensory.
The operating mode that we shall
use is the continuous-listening (CL)
mode, where the VoiceDirect 364

Module stays in a continuous- listening
loop. The listening loop is controlled by
a target word that puts the module in a
listening mode. This is called the CL
training word. The reason for using a
CL training word is to prevent false
triggering. An example should clear up
any confusion.
Suppose you want to control a few
home lights and appliances with a few
voice commands like "lights on" and
"lights off." You don't want the circuit
listening to your normal conversation
because it might interpret some word in
the conversation as commands. The
solution is to choose a "key" word that,
when the VoiceDirect 364 hears it, puts
it into a listening mode. You must therefore begin any command with the CL
word that you chose. If you chose the
word "computer," the command might
be "Computer...lights on." Simply saying, "lights on" would do nothing.
That control technique was also
demonstrated in the television series
Star Trek: The Next Generation. In the

Enterprise's Holodeck, speaking the
command word "Arch" would allow
access to a control panel for the room.
Choosing a command word is not a
trivial task. You must take into account 57
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the VoiceDirect 364 to say, "Accepted."
A typical training session might go
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Fig. 3. Connecting the VoiceDirect 364 evaluation board to a handful of external components is simple. You can add a set of resistors (R1 R8) and LEDs (LEDI LED8) to monitor the outputs.

your normal, everyday speech patterns.
Nothing is more embarrassing to a
Poptronics reader than chatting with a
friend about their new voice -recognition
system:

"...And if I say the words,
'Computer...lights out,' the system
will...Hey! What happened to the
lights ?"

Don't let that happen to you.
Training The VoiceDirect 364's CL
Mode
When the CL Train pin is pulled to
ground for at least 100 mS, training
begins. Press the momentary contact
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switch marked "CL Train." The
VoiceDirect 364 begins by first prompting the user verbally, "Say Word One."
Say the word that you want the circuit to recognize into the microphone.

The word or phrase may be up to 2.5
seconds long, but may not contain silences
longer than 0.5 second. For example, let's
use the word "computer." After the user
says the word "computer," the Voice Direct 364 will ask that it be repeated a
second time with the phrase, "Repeat."
Repeat the word. If the VoiceDirect 364
is happy with what it heard, it will say,
"Accepted."
Once the CL word has been trained,
we continue training of our command
words. The sequence is the same: Press
the training button, wait for the Voice Direct 364 to say that it's ready, say the
ADDITIONAL PARTS FOR TIE
VOIOEDIRECT 384 KIT

-

LED1 LED8 Light -emitting diode,
any color

R1-R8-330 -ohm, i4-watt, 5% resistors

Press the train button
"SAY WORD FOUR"

"Fan off"
"REPEAT"

"Fan off"
"ACCEPTED"

and so on.
Please notice that when training
words, we are pressing the "train" button and not the "CL train" button. Each
time a word is trained, the module creates a word template. The two templates
for each target word are compared and,
if they are similar enough, are averaged
together and stored into memory.
If the templates are too far apart, an
error is generated and the module asks
you to repeat the word starting with the
initial template.
Before storing any new word templates, the module compares it is compared to the word templates already
stored in memory. If the new template is
too close to an existing template, the
word will not be accepted.
Training Features
The VoiceDirect 364 Module has
automatic gain control over the audio
amplifier to provide optimum signal
strength. It also monitors the background noise in an environment and
gives a warning if the noise level is too
high for recognition. A steady background

Fig. 4. My VoiceDirect kit was set up on a solderless breadboard.

noise (such as a fan) has less impact on
recognition than background noise that
is not steady (like a radio).
The best recognition will obviously
occur in low-noise environments.
Other aspects of the VoiceDirect
364's training features include:

initiate a verbal response like "Spoke
too soon," "Please talk louder,"
"Please talk softer," etc.
Increasing Selectivity
The VoiceDirect 364 module has the
ability to increase its selectivity. The

-

End Training Training can be interrupted or stopped at any time simply
by not pressing the train button for
the next word.

-

Training Training may be
resumed at any time by pressing the train
button. The module automatically
begins training new words at the end of
the words already trained. For instance, if
you trained six words and then stopped,
the module automatically begins training
at word seven when you resume.

Resume

Erasing Templates-You can't erase or
redo individual words and phrases.
However, the entire set of words can be
deleted at any time by pressing the TRAIN
and RECOGNIZE button simultaneously
for at least 100mS. The VoiceDirect 364
will say "Memory Erased."
Recognition Errors-There are two

common errors associated with
speech recognition: rejection and
substitution. Rejection is when the
system fails to recognize a target
word; substitution recognizes a non target word or gets confused between
two target words (the "wreck a nice
beach" situation mentioned at the
beginning of this column). Depending
upon the application, the impact of
those errors will vary.
Other Errors-The VoiceDirect 364
can detect some errors. Errors will

ENVIRONMENTAL
MATCHING TIPS
A sucessful application of the VoiceDirect
364 depends on the proper match between
environnent and hardware. Here are a few

schematic shown in Fig. 4 is configured
for relaxed CL training, relaxed training, and relaxed recognition. Upon
power up or reset, the train and recognize pins control the selectivity.
Bridging a 100,000 -ohm resistor
across the train switch-essentially
pulling the train pin to ground through
the resistor-puts the module in a stricttraining mode. The module becomes harder to train, rejecting more similar-sounding
words. The result is better recognition
for the words accepted.
If we pull the "recognize" pin to
ground with a 100,000 -ohm resistor, it
places the module in strict- recognition
mode. The module recognizes fewer words
and may reject trained words; fewer substitutions are allowed during recognition.
If we replace R10 with a 680,000 ohm resistor, the CL training becomes
harder still, rejecting even more similar sounding words.
In the schematic, both the "train" and
"recognize" pins are left floating (open
circuit), which places the module in the
Relaxed Mode. The CL- training switch
is bridged with a 47,000 -ohm resistor
for relaxed CL Training.

pointers in that regard:

Microphone -The type of microphone
should be the same exact device used for
both training and recognition.

Distance-Keep the microphone the
same distance from your mouth during
training and use.
Stress-The voice changes under stress
or excitement. For instance, if you are creating a voice-controlled joystick to fly your
favorite

military-flight

simulator, your

voice, when engaged in a dogfight yelling
"Fire! F re! Bank left," will be quite different
when s tting at your desk calmly programming your voice into the chip. In that case,
you must try to emulate the stress and excitement you feel playing the game when pro-

gramming the voice commands.

Exertion -Physical stress is another factor. If you are programming exercise equipment, rich as a Stairmaster or a stationary

bicycle to respond to voice, you might
want to record people who are a little out
of breath.

Background Noise-Background noise

-

is always a problem. A steady background
noise -like an air conditioner or a fan
has less impact on speech -recognition
accuracy than a non -steady background

noise (TV or radio).

Fig. 5. You can turn the VoiceDirect 364 outputs
into "push-on, push -off' controls with this simple add -on circuit.

Improving Recognition
Different techniques can improve or
optimize recognition. Number one on
the list is word selection. Avoid homonymswords that sound alike -such as red,
bed, said, dead, etc. To optimize recognition, use dissimilar sounding words.
Replace a word with a synonym or an
approximate synonym. For instance, use
"crimson" or "scarlet" in place of "red."
For "bed," try using "bunk," "mattress,"
"berth," or "cot." For "said," one may use
"spoke," `voiced," or "uttered." For "dead,"
(Continued on page 62) 59
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Play and Record Control Problems
it comes to VCR problems
related to playing or recording a
tape, we can neatly divide the types of
problems into two camps: those that are
not directly related to video quality, and
those that screw up your tapes and
screen royally. This month, we're going
to "divide and conquer" the non-videorelated problems and finish off the survivors next month.
We have a bit of ground to cover
until the battle is won, so let us go (to
quote Shakespeare) "Once more unto
the breach, dear friends, once more!"
When
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Problems With Randomly Switching
Speeds, Tracking Problems, And
Muddy Sound
First, don't ignore the possibility that
you are attempting to play an old, worn,
or defective tape. This is especially true
of rental tapes that have been through
who-knows -what kind of VCR hell. The
control and audio tracks-along the
edges of the tape-are the first to wear.
Weak, muddy sound and erratic tracking
are also common symptoms caused by
old, worn tapes. There have even been
instances of new name -brand tapes that
were cut too wide, though that would be
extremely rare.
To confirm that it is your VCR doing
the dastardly deed, play or record for at
least a minute on a tape known to be in
good condition. Rewind the tape back
about 15 seconds. Eject the tape, open
the cassette's door by releasing the latch,
and inspect for edge crinkling. Any rippling along either edge of the tape is a
symptom of a possible problem. It isn't
only that the tape does not make good
contact with the audio or control head
(depending on which edge is damaged),
but it could also be an indication that the
tape may not be precisely positioned
when moving through the transport.
If there is the same problem on multiple tapes and known good (new) tapes
are also damaged, then it is possible that

the tape path alignment is off or rubber
parts (probably the pinch roller) need
replacing. The tape is wandering up and
down as a result of unequal pull from the
capstan due to a glazed or worn pinch
roller. There could also be other aspects
of tape -path alignment like roller -guide
tilt (which is probably not adjustable),
A/C head tilt, dirt, roller -guide height
problems (don't mess with it), etc.
We'll be covering tape -path alignment in a future "Service Clinic."
It could also be worn feet on the
roller-guide assemblies, which would cause
the guides to be misaligned. Replacement
of those parts may be the only cure.
Other much less likely possibilities include
excessive or varying backtension, a tight
idler clutch, or electronic problems.
For a VCR with very high mileage, it
is also possible that there has been a
ridge worn in the surface of the control
head, preventing consistent contact between

it and the tape. Other related symptoms
include:
Sound does not always appear at full
volume or normal quality for a few
seconds after the VCR starts playing.
It might vary in loudness during play
as well. Slightly changing the back tension may make a big difference in
audio.

If your VCR has autotracking, its
indicator might be flickering as the
logic attempts to solve an impossible
problem.

On a "HiFi" VCR, there will likely
be no high -fidelity sound, as its
tracking is even more critical than
video tracking.
Tape speed may be changing resulting in the sound wavering or even

Losing Lock
There are probably so many ways for a VCR to lose lock on the tape signal, it's sometimes amazing that the system works as reliably as it does. If you've got a lock -loss problem, here are some of the main causes and how to test for them:

Dirt or bits of tape or oxide on control head -Clean and inspect the control head.
Defective control head-Try making a recording. If recording plays normally on another VCR, then the control head is probably OK.
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Tape wandering up and down
this is bad enough, the control track will not be
sensed properly. How is the sound? The sound will fluctuate or miss as the tape wanders.

No firm tape-control -head contact-This could be a mechanical fault such as a stuck
movable -guide post.
No firm capstan -pinch roller contact- Again, this could be mechanical or a mode switch problem. Under certain conditions -possibly at the beginning of a tape when
the take -up tension is greatest -the take -up reel might have enough torque to pull the
tape past the video heads without the capstan controlling the speed as it should.

Servo or control circuitry -The defect could be in the circuit or possibly in the power
supply, especially if the voltage is out of tolerance.

Bad tape-Don't overlook this possibility, especially
control track might have gotten erased or worn off;
another tape.

if it is an old or rental tape. The
it is at the edge of the tape. Try

running (usually) faster than normal.
This might be due to the control
head not reading the control track

VCR Plays, But At Fast Forward
Speed (Or Beyond)
Normally, speed is controlled by

reliably.

phase locking the capstan to the 30 -Hz
control pulses read off the tape through
the stationary audio /control head. On a
VCR with autotracking, the autotracking light might be flickering as well.
Possible causes for loss of lock are
listed in the sidebar.
Inspect the tape path really, really
carefully to determine if there is some
obstruction preventing tape-control head
contact or if there is other mechanical
problems. Try cleaning the tape path
and checking the rubber parts. Check
the power- supply voltages if you can
determine what they should be. If these
procedures do not reveal anything amiss,
you will need a service manual to pursue
electronic faults.

If you look carefully, you should be
able to see the tape wandering slightly,
producing the muddy sound and erratic
tracking. The tape might not be perfectly smooth in passing over the various
guides and rollers. Normally, you will
hardly be able to tell that the tape is
moving at all except by examining the
is that mirror smooth.
reel rotation
First, clean the tape path properly,
especially the capstan and pinch roller,
tape guides, and A/C head. Inspect the
pinch roller for glazing, cracking, etc.
and replace if necessary. Perform a general cleaning and rubber parts replacement (if necessary). We've discussed the
cleaning and rubber -parts- replacement
dance in earlier "Service Clinic" installments; refer to them for details, or go to
my Web site at www.repairfag.org.
Possibly, the control portion of the
A/C head stack is dirty or defective, or
there are problems in the wiring or its
circuitry. Double -check that the tape is
in solid contact with the bottom of the
A/C head stack (where the control track
is located), that the head is clean, and its
connector is clean and seated properly.
Also, look for any broken wires or bad

-it

connections.

Tape Edge Creases And/Or

Randomly Switches Speeds
As always, rule out the possibility
that this is just a bad tape. As I've mentioned before, there have even been
instances of new name -brand tapes that
were cut too wide -though that is
extremely rare. It could have been creased
by someone else's VCR. Try a tape that
you can afford to sacrifice (though it will
still be safely usable) and run it through
the VCR. Sometimes, there will be a
problem only near one end, so you will

"The VCR That Ate My Tape" And Other Horror Shows
Nothing can be more frustrating than having a VCR merrily chew up and spit out a garbled wad of Mylar that used to be one of your prized tapes. Before picking up the poor
VCR and giving it the old "heave -ho" out the second -story window, you might consider
some of the more common causes (as well as possible cures) for that malady:

-If

this happens, i- could be because they are not preWorn feet on the roller guides
cisely vertical. Sometimes there are adjustments for tilt; usually there are none.
Sometimes replacements are readily available (especially if this is a common problem
with your model).

Cassette not seating properly-Press down on the cassette while playing a known
good tape. If it moves, check for obstructions or foreign objects such as toys or grilled cheese sandwiches! A dirty, oily, or just tired belt might not grip well enough for the
mechanism to complete the cassette -load cycle.

-If

this item has worked its way up out of place,
Oil- seal washer on bottom of capstan
carefully push it back down and then clean the capstan shaft.
Various guides too high or too low-This is pretty unlikely unless they have loosened
somehow. Don't adjust them unless you have a service manual or are absolutely sure
that they have changed height.

Backtension misadjusted (usually too great)-The tape should not pass around the
backtension lever at too straight of an angle. If t does, the lever won't bend enough.
In addition, it might simply not seat properly when passing around the subsequent
guidepost or impedance roller (that white plastic wheel that doesn't seem to serve any
purpose). One or more guide posts or roller guides might be binding as well.

need to try it at various sections of tape.
Record a few minutes and then back it
up a bit and inspect for damage by opening the cassette door (press the release
on the side). I've already detailed that
test at the beginning of this column.
Both edges should be perfectly flat and
smooth. If you get similar playback
symptoms with this cassette and/or find
that the tape is being creased along one
or both edges, then it is your VCR doing
the dirty work.
When the bottom of the tape is
creased, the control head may no longer
align with the control track and servo
lock on the sync signal is lost. The audio
may be fluctuating in intensity as well
since the audio track is wandering also,
and the tape may be intermittently
going in and out of correct tracking and/
or changing speeds. Since the tape can
no longer seat stably on the lower drum guide ridge, there could be other problems such as noise bars along the top or
bottom of the picture, jumping, and so on.
The problem could be the guide posts
or other tape path components, but before
you turn every screw you can find and make
it hopelessly worse, replace all of the
rubber parts-including the belts, idler
tire, and pinch roller. While you are at
it, give the machine a good cleaning.
A dirty, worn, hard, dried -out pinch
roller in particular can result in the tape
wandering up and down causing tracking problems and creasing the tape in
the process. This is probably the most
common cause of tape damage-assuming that the VCR itself has not been
abused by removing a jammed cassette
with a pair of Vice -Grips!
With a thorough cleaning of everything before buying the new rubber (which,
by the way, should not be more than a total
of $10 to $15 from a place like MCM
Electronics), you might at least see a ternporary improvement in performance-and
confirmation of the diagnosis.
You really need to determine exactly
where the tape is being creased. Once
you do that, you might be able to determine the cause and visually verify whether
the problem is affected by any of your
adjustments or probing.
I've listed a few other possible causes
and remedies in the sidebar.
Recording Stops At Random Times
On Previously Used Tapes
Symptoms might be that the tape
counter stops moving and/or the VCR
enters its stop mode and shuts down.
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Assuming that this is not a mechanical
problem-bad idler, belt, etc., make sure
that you don't accidentally have an insert
editing mode enabled. Insert editing uses
the previously laid-down control track as
the timing reference. This provides clean
glitch-free transitions between scenes.
Insert editing will not work at all on a new
or bulk -erased tape for the obvious reason
that the control track has never been
recorded or is wiped to oblivion.
If you routinely use your cassettes
repeatedly, there will be varying amounts
of previously recorded material-with
control tracks -on the tapes. At some
point, your recording might start to use
tape beyond the recorded sections and...
presto! No more control track. The poor
VCR is confused and aborts.

proper record button. Most VCRs have
an OTR (One -Time Record) or "quickrecord" feature that starts just like a normal record but stops after a multiple of
(usually) 15 minutes, depending on how
many times you press the button. The
(normally) red button should be used for
unrestricted, untimed recordings.
Some VCRs also have other timed
modes-sort of like the timed -off function of a clock radio. Pressing the "OffT" button adds time to record or play in
15- minute increments and then shuts off
the VCR.

Record (Or Play) Stops After 15
Minutes, 30 Minutes, etc.
Make sure that you are using the

-

Tape Counter Is Erratic
The result can be the inconsistent posi-

tioning of the tape if you use the counter
to locate programs. It might also result
in the VCR aborting its PLAY, REC, FF,
REW, or search modes if it thinks that the
counter is not changing as expected
missing pulses or skipped counts.

AMAZING SCIENCE

WHERE TO GET IT

(continued from page 59)

there's "deceased," "expired," or "late."
A little thought will solve any
homonym dilemma.
Another important consideration is
in matching the environment and equipment where the VoiceDirect 364 will be
used. See the sidebar for some thoughts
on this subject.

Interfacing Circuit
Depending upon the application, the
experimenter could design a variety of
interfacing circuits. Although you might
need a design that only you can create,
we can still provide a generic circuit.
Since the output lines (Outl Out8) only
remain high for one second, some type
of latching circuit would be handy. For
our latch, we will press into service one
half of a CD4013 dual -D flip-flop as
shown in Fig. 5.
The flip -flop turns the transistor on
and off each time a command is given.
For instance, let's connect the OUT1
QP2, pin 12) from the VoiceDirect 364
module to pin 3 of the flip -flop. The first
time that the command associated with

SEE WHAT TAKES SHAPE.

The VoiceDirect 364 Module is available
for $49.95 plus shipping from the following sources:

Images Company
P.

folks!

0

until the command associated with
Word One is given a second time, which
resets the flip -flop and turns off the transistor. In that way, the same command
word may be used to turn on and off
appliances. That action is similar to a
push -on, push -off switch. That way,
other commands can be given without
affecting any existing commands.
You could also use a pair of outputs
to set and reset a flip -flop. Be sure to double- check the pulse polarities needed by
the flip -flop; you might need to use inverters on the outputs.

O. Box 140742

Staten Island, NY 10314
718- 698 -8305
www. imagesco. corn

Jameco Electronics
1355 Shoreway Rd.
Belmont, CA 94002
650 -592 -8097
www. jameco. corn

JDR Electronics
1850 South 10 St.
San Jose, CA 95112
800 -538 -5000
www.jdr. corn

Sensory, Inc.
521 East Weddell Dr.

Sunnyvale, CA 94089
408-744 -9000

www.sensoryinc.com

Word One is given, the flip-flop is set,
turning on the TIP120 transistor that
lights the LED. The LED will remain lit

EXERCISE.

For real -time counters, this might mean
problem deep in the electronics, requiring a service manual. However, if you are
attempting to play a tape that has nothing on it, the real -time counter will not
change. This is normal as there are no
control pulses on the tape.
For non -real-time counters, if the display skips counts or "free runs" (counts
very quickly at certain times), this could
be due to a defective sensor or hysteresis
circuit. If it counts in the wrong direction, a logic problem is indicated as direction is determined by the microcontroller
being aware of what mode the VCR is
in-there is likely no actual direction
sensing on the reel.
That about wraps it up in terms of
this month's "Battle of the Balky VCR."
Next month, we'll get into the causes of
video- related problems. In the meantime, just keep those e-mails coming,
a

Going Further
The VoiceDirect 364 module is a
wonderful introduction to speech recognition. The VoiceDirect 364 module is
also capable of running as a slave under a
host CPU through a three -wire serial communication link. If you would like to
see another article on this module,
please write to me. For a detailed data
book that includes more technical specifications and programming information,
visit Sensory's Web site at www.sensoryinc.com. An Adobe Acrobat (.PDF) file
on this speech processor is available for
download.
P
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Alarming Circuits Ahead!
time around, get ready for some
TThis
alarming fun! We're going to look at
a number of basic burglar-alarm- sensor
circuits that you can put together with a
control system. Hopefully, you'll outsmart the next burglar that might come
your way. A seasoned burglar usually knows
the basics about simple alarm systems and
how to breach them; but if you design
your own system and build it to look and
operate differently from the typical store bought unit, you'll have a very good
chance of sending the burglar on his way
without any loss to you.
6 -15

VOLTS
DC

ALARM
SIGNAL
OUT

A
6 -15

VOLTS
DC

ALARM
SIGNAL
OUT

PARTS LIST FOR
THE PERIMETER LOOPS
(FIG. lA and 1B)
RESISTORS

(All fixed resistors are %-watt, 5% units.)
Rl, R2, R5, R6 -1000 -ohm
R3, R4- 10,000 -ohm
300 -ohm
R7

-3

ADDITIONAL PARTS AND MATERIALS

Cl, C2-0.1 -µF, ceramic-disc capacitor
Ql, Q2- 2N2222 NPN transistor
A savvy burglar probably won't spend
too much time trying to figure out an
unorthodox alarm system, and a dumb
burglar will likely set it off possibly getting caught in the process or at least leaving without taking anything.
Alarm sensors are usually placed at the
perimeter of the area where protection is
needed. How the sensors are selected and
installed will determine the success or failure of an alarm system. In addition, we'll
look at various methods in locating sensors,
placing "red herrings" in just the right
places, and other schemes that can help
confuse a would -be burglar. Hopefully,

-

+6-15 VOLTS
DC
A

R1

INVERTED
OUTPUT

next month we can follow up with some
choices for a control system.

Basic Perimeter Loops
In the simplest of alarm systems,
there are two basic types of sensors: the
normally -open circuit and the normallyclosed circuit. In either case, an alarm
output only occurs when the sensor's
normal circuit condition reverses. The
very basic alarm sensor would be a
switch that is set in either a normally open or normally-dosed condition. Opening
a door or window or any similar movement that would cause it to switch from
its normal set condition could activate
the switch. A single switch properly hidden can be a very effective sensor and
will fool most intruders.
Our first normally- closed sensor circuit, see Fig 1A, is a transistor- buffered
circuit that outputs a high (positive)
voltage in the set condition. As long as
the sensor's element is closed, the transistor's bias is zero; and its collector voltage is at the positive supply level. Opening
the sensor element allows the voltage at
the transistor's base to rise and turn on
the transistor. The transistor's collector
operates like a turned-on switch, taking
the output voltage to near ground level.
That sends out a low-voltage alarm signal to the control unit. Components Rl
and C1 make up a low -pass filter that
helps keep stray RF signals and noise

1K
I

B

Fig. 1. A simple transistor switch can be used as
an alarm circuit. By placing the sensor switch
in the right part of the circuit, you can use a
normally- closed (A) or normally-open (B) switch
with the same circuit.

ALARM
SIGNAL
OUT
(FROM
FIG. 1)

R2

15K

---W

01
2N2222

Fig. 2. If you need to invert the output signal
from Fig. 1, an additional transistor stage will
do the trick.

PARTS LIST FOR
THE OUTPUT INVERTER
(FIG. 2)
Q l-2N2222 NPN transistor
R1 -1000-ohm, VI-watt, 5% resistor
R2- 10,000- ohm, /< -watt, 5% resistor
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+6 -15 VOLTS
DC

+6 -15 VOLTS
DC

R2

4.7K
R3
10K

14

$

R4

1

ICI -a
1/4 CD4011

4.7K
R3

4.7K

R5
10K

2

14

ICI -a
1/2 CD4002

3

NORMALLY -

1

4

HIGH OUTPUT

R6
10K

ALARM
SIGNAL
OUTPUT

4/NR7
10K
14
3

Fig. 3. More than one sensor switch can be handled by this CMOS-based alarm circuit.

PARTS LIST FOR
THE NAND -GATE ALARM

7

PC

S4

1/4 CD4011

1/2 CD4002

.01

C4

C2

.01

1- CD4011

9110

quad 2 -input NAND gate,
integrated circuit
R1 -R4- 10,000 -ohm, 'A-watt, 5%

12

11

TO DUPLICATE
CIRCUIT
(SEE TEXT)

resistor

C2- 0.01 -p.F, ceramic -disc

ICI-b

13

C3

.01

CI,

-

LOW OUTPUT

IC2 -a

(FIG. 3)
IC

NORMALLY

S

Fig. 4. With a 4 -input NOR gate, there can be up to eight sensors to trigger the alarm.

capacitor
PARTS LIST FOR

from causing a false -alarm output. The
sensor element may be made up of any
number of normally closed circuits wired
in series, as long as the total series resistance is less than a hundred ohms.
The other type of sensor, see Fig. 1B,
is a normally open circuit. The transistorbuffered sensor input circuit is very similar to Fig. 1A. The normal alarm output
signal is also positive and only goes low
when the input sensor changes state from
open to closed. Any number of normally
open sensors may be used and wired in
parallel. All it takes is one sensor closing
to send out the low alarm signal.
One of the easiest ways to confuse a
burglar is to intermix the two types of
alarm sensors. Mixing them up makes it
more difficult to determine which sensors to jump and which to cut to disable
the system. Throwing in a few false sensors increases the frustration factor,
probably causing the burglar to make a
mistake- setting off the alarm in the
process of trying to bypass it.
Flip It Around
The circuit in Fig. 2 inverts the alarmoutput signal from a high to low or a low
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to high, allowing the sensors to operate
with about any type of alarm- control
system. Some control systems require a

TO
ALARM
INPUT

+6-15 VOLTS

THE NoR -GATE ALARM

DC

(FIG. 4)

R4

D4

2.2K

1N914

SEMICONDUCTORS

IC I-CD4002 dual 4 -input Non gate,

integrated circuit
quad 2 -input
integrated circuit

IC2-CD4011

NAND

gate,

RESISTORS

(All resistors are % -watt, 5% units.)
R1 -R4 1700 -ohm
R5- R8- 10,000 -ohm
CAPACITORS

CI -C4

0.01 -p.F, ceramic -disc

high -input signal to trigger the alarm;
others operate with a low-input signal. If
a normally high-output signal is fed to
the input of the inverter circuit, the output will be low; and a low input produces
a high output. These circuits may seem
extremely elementary-and they are
but a good alarm system is made up of
many simple circuits. --

-

Fig. 5. You don't need sophisticated transistoror IC-based circuits for a reliable alarm. This
simple diode -steering circuit will do the job just

as well.

PARTS LIST FOR
THE DIODE -LOGIC ALARM

(FIG. 5)

Pass It Along
The next two circuits show several
ways that CMOS ICs can be used as
interfacing devices for various alarm
sensors. The circuit in Fig. 3 is a two-

D1-D4 -1N914 silicon signal diode
R1 -R4-2200 -ohm, V -watt, 5% resistor

R5- 10,000 -ohm,

V -watt,

5% resistor

DC

TO NORMALLY OPEN CIRCUIT
INPUT

OUTPUT

NORMALLY -LOW
OUTPUT

+6-15 VOLTS
R4

2.2K

R2

10K

PIVOT

R3
10K

2N3904

LJ LJ

Q1

1

PHOTOTRANSISTOR'
OPAQUE
BLOCK

2

L

J
3

Fig. 7. Mechanical devices such as reed switches can be replaced by solid-state Hall- effect
sensors.

R1

1K

STRING
TRIP
WIRE

PARTS LIST FOR

THE HALL -EFFECT ALARM
(FIG. 7)

*(SEE TEXT)

Fig. 6. An updated trip-wire circuit uses an
infrared switch to detect if the wire was broken.

PARTS LIST FOR
THE TRIP -WIRE ALARM
(FIG. 6)
RESISTORS

(All resistors are 'A-watt, 5% units.)

R1-1000-ohm
R2, R3- 10,000 -ohm
R4 -2200 -ohm
ADDITIONAL PARTS AND MATERIALS

Q I-Slotted-optical sensor switch
(Mouser 512 -H21 A2 or similar)

Q2- 2N3904 NPN transistor
LED 1 -(part of Q1)
Trip string, opaque material, etc.

sensor input circuit designed for normally closed sensors and has a low non alarm output. Both inputs to ICI -a are
held high through the two sensors and
10K resistors. With both inputs high,
the gate's output is low. If either or both
input sensors open, the gate's output will
switch from low to high, giving out a
positive alarm signal. Resistors RI and
R2 guarantee that the inputs go low
when either sensor is opened; a NAND
gate's output will only go high if one or
more of its inputs go low. Simple low pass filters, consisting of C 1 , C2, R3,
and R4, keep RF and high -level noises
from producing a false -alarm output.
The IC package has a total of four gates
in it, so you can use the remaining three
gates for sensor interfacing by duplicating the Fig. 3 circuit.
Our next entry (Fig. 4) turns a dual
4 -input NOR gate into an eight- input,
normally closed, sensor-interfacing circuit. All inputs of a NOR gate must be

IC1 -HAL 115UA -C Hall- effect sensor,
integrated circuit (Digi -Key HAL115UAC -ND or similar)
R1 -4700 -ohm, % -watt, 5% resistor

Permanent magnet
COPPER RING CUT
FROM COPPER PIPE

low to produce a high output. If just one
input gate goes high, the output will
switch low. A single gate of IC2 is used
to combine the outputs of ICI -a and
IC1 -b into a single alarm output. If either
input of IC2 -a goes low, its output will
switch high-producing a positive alarm output signal.

COPPER WIRE OR ROD

Fig. 8. A simple form of tilt sensor can be made
from a ring of copper tubing and a piece of copper rod or wire suspendedfrom a pivot point. If
the system is tilted far enough, the rod touches
the ring, completing the circuit.

PARTS LIST FOR
THE TILT SENSOR

"Intelligent" Diodes
The sensor-interface circuit shown
in Fig. 5 allows any number of normally
closed input sensors to be connected
together to produce a positive alarm
output if any one of the sensor circuits
open. The voltage at the anode of each
diode is at ground level when the sensors
are in their normally closed condition.
When any one of the sensors open, the
voltage climbs to the supply level and
passes the positive signal through the
isolation diode to the output.
Who Goes There?
Now that we've looked at several
methods of interfacing sensors to the
alarm's control system, it is time to look
over a few different types of sensors.
Our first sensor, see Fig. 6, is a solid state replacement for the old trip -wire
type of sensor that operated when an
intruder actually broke a fine wire positioned around the protected area. The
wire loop operated just like any of the
normally- closed input sensors used in
our previous interface circuits. When
the wire breaks, the sensor circuit opens
and the alarm goes off.

(FIG. 8)

Copper ring, copper wire or rod

Our electronic version uses an infrared
interrupter switch, which is actually an
IR-emitter LED and a phototransistor
mounted together in a single package.
The one used in the circuit is a Mouser
512-H2 1A2, but just about any similar IR
interrupter switch will work.
An opaque object is placed in the slot
between the IR- emitting diode and the
phototransistor to block the light path. A
string or wire is tied to the opaque object
and to a fixed object across from and in
front of the protected area. All an intruder
has to do is to catch on the trip cord, pull
the opaque object from between the solid state pair, and watch the fun begin. Cats,
dogs, and other animals have been known
to set these types of alarms off more often
than an actual burglar or trespasser, so be
prepared for some false alarms.

Magnetic Personalities
Our next entry, see Fig. 7, replaces
the common magnetically- operated reed-
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NORMALLY+6 -15 VOLTS

R2
1K

LOW OUTPUT

R1

10K

Q1

LEDI
512 -LED55B
(MOUSER)

BLACK
35MM
FILM
CASE

PHOTOTRANSISTOR
9. An infrared version of the tilt sensor uses
a phototransistor and an IR LED that is suspended so that it can swing to and fro like a
chandelier.

Fig.

PARTS UST POR
THE IR TILT ALARM

(FIGS. 9 and 10)
R 1 -1000- ohm, '4-watt, 5% resistor
R2- 10000 -ohm, % -watt, 5% resistor
LED
Infrared light -emitting. diode
(Mouser 512-LED55B or similar) ,.

1Ql-Infrared-sensing phototransistor

(Mouser 512-BPW37 or similar)
35 -mm film tare (black), fine wire for
LED leads, etc.

switch sensor with a solid -state CMOS
Hall- effect sensor. These interesting
and useful Hall- effect ICs are available
from Digi -Key (part number HAL115UAC-ND) for less than a buck in single
quantities. The Hall- effect's output is
high when a magnet is in close proximity but when the magnet is moved away
from the device, the output changes to a
low state. The sensor's output can tie
directly to the alarm's control circuitry
or go through one of the interface circuits. This combination could be used to
detect when an intruder opens a door or
window. The Hall- effect IC is very small
and can be mounted in the door or window facing, and the magnet can be
mounted inside the door or window.
These components should be carefully
installed where they cannot be seen or
easily discovered by an intruder. Proper
installation is the key to a successful
66 alarm system.

512 -BPW37

one, including how they are built and
used.
Looks like this is a good place to
wind down. At our next meeting, we'll
continue with another sensor or two and
then get into the control- system circuitry. Good -bye and good circuitry until
next time.
P

(MOUSER)

Fig. 10. The scheniatic diagram of the infrared
tilt sensor is simplicity personified.

Lots of Shaking
A simple tilt- or movement -alarm
sensor is shown in Fig. 8. This sensor has a
normally open output and can connect
to one of the interface circuits designed
for normally open circuits. This type of
mechanical tilt switch has been around
for many years and can still be found in
some equipment One place that I believe
it is still being used is in pinball machines.
A few years ago, it was used in an auto-

mobile to detect motion if someone
tried to move the car without first deactivating the alarm.
This type of sensor could be mounted on anything that opens with a forward
or backward motion, such as a door, a
desk drawer, or anything else that can be
moved horizontally.
An electronic version of the tilt
alarm is shown in Fig. 9. An IR LED is
supported in an opaque 35 -mm film
case. A pivot arrangement with fine wire
leading out the top connects to the circuitry in Fig. 10. An IR phototransistor
is mounted in the bottom of the film
case with its leads coming out the bottom. With the spacing between the two
solid -state devices being so close, just
about any IR pair will work with the Fig.
10 circuit.
With the two devices properly
aligned, the voltage at the collector of
Q1 will be at its lowest value. As the
container is tipped, the voltage should
begin to increase and rise to the positive
supply level. If the IR -light beam is too
broad, a small section of shrink tubing
can be placed around either the emitter
or detector. Actually, for the best possible sensitivity, shrink tubing can be
placed around each device.
The drawing in Fig. 9 is just to get
you going. Like many of the sensors that
we've been looking at, they can be built
in your own unique style. That way, only
you will know the secrets behind each

THE COLLECTED WORKS OF
MOHAMMED ULLYSES FIPS
#166-By Hugo Gernsback.
Here is a collection of 21 April
Fools Articles, reprinted from
the pages of the magazines
they appeared in, as a 74page, 814 x 11 -inch book. The

stories were written between
1933 and 1964. Some of the
devices actually exist today.
Others are just around the corner. All are fun and
almost possible. Stories include the Cordless
Radio Iron, The Visi-Talkie, Electronic Razor, 30Day LP Record, Teleyeglasses and even Electronic Brain Servicing. Get your copy today. Ask
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DTV: PART 2
(continued from page 43)

acteristic power spike at the carrier
frequency, leaving all the available
transmitter power for the information-rich sidebands. In vestigial -sideband formats, one of the sidebands
is also suppressed. Since the sidebands are mirror images, one of
them is superfluous. In DTV's case,
only the upper sideband and a slight

vestige of the lower sideband are
actually transmitted.
Carrier suppression makes the
receiver's job a little trickier, since it
must essentially regenerate the
missing carrier in order to recover
the information from the side band(s). This would be especially
difficult in DTV's case, since its use
of channel spectrum is basically flat,
looking like noise.
To help the receiver identify the
carrier, a small "pilot" is added to
the transmission at the carrier frequency. In other words, a little bit of
the carrier is preserved for the benefit of the receiver. Before the combined channel symbols and sync

GETTING INSIDE AN NCO
(continued from page 50)

this way

called pilot insertion.
Although the modulator performs
carrier suppression, the added DC
content of the modulating signal
preserves the carrier as part of the
modulated information. While sufficient to aid the receiver, the power
level of the pilot signal is slight,
remaining 11.3 dB below the average data -signal power.
With the pilot level in place, the
8VSB signal is modulated on an
is

intermediate -frequency carrier, then
upconverted to the transmitter's
specified operating frequency.
Statistical analysis of DTV's 8VSB
mode has shown that 99.9% of the
time, the peak transmitter power is
within 6.3 dB of the average power.
From a practical standpoint, the
average- to peak -power relationship allows an ATSC transmitter to
achieve the same coverage as an
NTSC transmitter at the same freMore Information About
NCO Generators

-

can use a 4 -kB CMOS chip
the 27C32 (Digi -Key NM27 C32BQ200ND) or the cheaper and faster 8k
You

are sent to the modulator, a DC
level that corresponds to exactly
1.25 8VSB level divisions positively
biases them. All of the 8VSB and sync
levels are raised by that amount.
Adjusting the modulating signal in

part-the 27C64

(Digi-Key NM27C64Q150-ND). The latter part has 28 pins;
its unused address pins should be

tied to ground.
Since the EPROM generates glitches
every time the address inputs change,
it needs an output latch (IC11) to
get good results. Jumper J1 allows
quick swapping from ramp to sine
outputs. Wire pin of IC9 to ground
if you don't use a sine converter.
For best results, you should change
1

the filter to the one shown in Fig. 4.
Modulating The Output. Figure 5
shows how different types of modulation can be applied to the
basic NCO. Adding frequency shift modulation is simple; just add
a second frequency source (more
DIP switches, for instance) and a

quency with an average power level
12 dB lower than NTSC's peak sync
power (where the bulk of NTSC's signal power is concentrated).
Additional Resources. So now you
know a thing or two about DN.
Nevertheless, if you plan to remain
a videophile or hope to become a
guru, you'll probably want to know
more.
The Internet is a great resource
for information on DTV. You might
start with a visit to the ATSC's Web
site: www.atsc.org. There you can
freely download the DN standard
and an excellent companion reference, Guide to the Use of the ATSC
Digital Television Standard. Another
great Web site is the National Association of Broadcasters (NAB): ww..nab.
org. They maintain links to a variety
of broadcast-related information resources, including a page dedicated
to DN off their "Current Issues" page.
As the countdown to 2006 continues, it will be fascinating to watch
the changes in television broadcasting unfold. May your vantage
P
point be an enlightened one.

chips. Driving the multiplexer with
a binary signal switches the out-

you have set.
Quadratic-phase modulation is also
easy. All it takes is two more EXCLUSIVE-OR gates between the adder
and the existing EXCLUSIVE -OR bank.
The EPROM can also be programmed
to generate QPSK modulation from
a signal applied to its address inputs.
If you want to experiment with continuous-frequency modulation, you
need to digitize the analog signal
and add it to the DIP -switch input.
You can generate narrow -band FM
without adders by using the bottom
bits of the frequency -control number as the modulation input and
the top bits as the carrier -setting
number. Putting adders between
the ramp output and the EXCLUSIVEOR gates implements continuousphase modulation.
With a little experimentation, you
will soon learn the value of these
unique devices and will be ready
to use an NCO chip in your own

put between the two frequencies

designs.

"Digital = requency Synthesis," Circuit Cellar
Ink, October 1998 (www.circuitcellar.com).

This article discusses how to generate
accurate, modulated audio -frequency signals with a cheap microcontroller.
"Making Waves with NCOs," Circuit Cellar
Ink, December 1997-January 1998. A signal-genarator construction project using a
Harris (now Intersil) NCO chip to generate
both sinewave and squarewave output
from 1 Hz to 10 MHz.
"Push Numerically- Controlled Oscillators
Beyond Their Limits," EDN, September 12,
1997 (www.ednmag.com). An introduction
to NCOs and some ideas for extending
their frequency range. This article includes
more dstail on generating a squarewave
without a sine conversion.

bank
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of two -way

multiplexer
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ELECTRONIC TECHNOLOGY TODAY INC.
P.O. Box 240

Massapequa Park, NY 11762

INVENT1Y

MAT SALE

3

FREE GIFT
over $15
With any order

last)
(while supplies

ALL CANADIAN CHECKS MUST CLEAR THROUGH AN AMERICAN BANK

BPfr1....100 Radio Redmis
BP37

....50

Projlikf

1TWs ami Triacs

R

1P48 ....Electronic Projects for Beginners

$800

BP304

$3 99

17

$2.99

BP320

Electronic Projects for Your

Projects tor Radio Amateurs and SAILS

S5.1$

Practical Electronic liming

$811)

$599

PC

RP56

....Electronic Security

Devices

$3.99

BP321

so1SDICA fr

O.

BP$4

....Semiconductor Technology Bements of Beci Book 3

$5 99

BP322

Circuit Source Book

56.99

BP74

.... Bectronic Music

83.99

BP329

Electronic Music Learning Projects

....Power Supply Projects
....Practical Computer Experk nuts

$3.99

BP332

A

Beginners Guide

$2 99

BP333

A

Beginners Guide to CMOS Digital

....low to Use

$599

BP334

Magic Electronic Projects

82.99

BP355

A

BP76

BP78

BP93

OP

Projects

Amps

...160131Inelllatts

2

loin. Digital

S6

ICS

SB

99

$8.

ICS

58.88

Guide to the World`s Radio Stations

$7.99

BP103

...Mufti- Circuit Board Projects

82.99

BP359

An

BP112

...A

$5.99

BP367

Electronic Projects for the Garden

$8

BP114

...The Art

$3.99

BP370

The Superhet Radio Handbook

N.

BP115

...The Pre-Computer

82 89

BP371

Electronic Projects for Experimenters

BP124

...Easy

$3.99

BP374

Practical Fibre -Optic Projects

86

$2.99

BP378

45 Simple Bectronic Terminal Block Projects

88 88

7 -80

Workshop Manual
of Programming the 19M 1X81
Book

Add-On Projects

for the Spectrum,

1X81 & ACE

8P148 ...Computer Terminology Explained

Introduction to light in Bectronics

N.

BP154

...An Introduction

to MSX Basic

83 99

BP379

30 Simple

BP156

...An Introduction

to

$399

BP384

Practical Electronic Model Railways Projects

$8

BP187

...A

$7 99

BP391

Fault- Finding Electronic Projects

58.99

BP180

...More

$3.99

BP392

Electronic Project Building for Beginners

$699

BP194

$3.99

BP393

Practical Oscillator

S8 99

11P232

.. Modern OPTO Device Projects
...A Concise Introduction to MS -DOS

83 99

BP394

An

BP245

...Digital Audio Projects

$3 99

BP396

Electronic Hobbyists Data Book

BP248

..Jest

83 99

BP401

Transistor Data Tables

BP256

...An Intro to loudspeakers

$3.99

BP411

A

9P284

...A

83 99

BP413

Practical Remote Control Projects

.=7,66

BP267

$5 99

PCP107

Digital logic Gates and Flip -Flops

$10.88

9P272

...tow to Use Oscilloscopes and Other Test
.. interfacing PCS and Compatibles

$5 99

PCP112

Digital Electronics Projects for Beginners

$10.81

BP290

...An Intro to

$5 99

PCP114

Advanced MIDI Users Guide

$10.81

$6.99

ETT1

Wireless & Electrical Cyclopedia

.14.80

QL

Machine Code

Prac Ref Guide to Word Pro Amstrad PCW82561PCW8512
Advanced Bectronic Security Projects

Equipment Construction
and Enclosure Design

Concise Advanced User's Guide to MS-DOS
Equipment

Amateur Communications Satellites

BP287 ...Loudspeakers for Musicians
BP2

...Practise Becu'arc Fitters

$6

No. of

Price

Copies

Terminal Block Projects

Introduction to

PIC

Cost

S6.;

Microcontrollrs

S7.99

$7.88

47,66

.*8B

Practical Intro to Surface Mount Devices

PRICES DO NOT INCLUDE SHIPPING & HANDLING.

ORDER FORM
Book No. Title

IC

Name
Address
City

i

All SALES ARE FINAL,

State

NO RETURNS

Zip

If you wish to use a Credit Card:

OMasterCard

Visa

Expire Date

Card No.

1

Signature
Allow 6 -8 weeks for order to be fulfilled.
ATM
80.01 to 55.00 ...82.00 820.01 to 830.00 ..85.00
85.01 to 810.00 ..83.00 830.01 to 840.00 ..86.00
$10.01 to 820.00 .84.00 840.01 to 850.00 ..87.011
850.01 and above

68

no

-

30%

.n

Subtotal
Sm .Iwp.p dart free taws)
Local NY Stat.

Sas

Tax
TOTAL COST S

Please return this order form to:
ELECTRONIC TECHNOLOGY TODAY, INC.
P.O. Box 240
Massapequa Park, NY 11762 -0240

H you wish to place your credit-card order by phone, call 516/592 -8722. Automated order Ming system functions 24 hours
orders accepted outside of U.S.A. and Canada, New York State Residents must add applicable labs tax. Offer expires 12/81/00.

Telephone Orders:

8orry,

88.50

....-t s

a day. Have

your credlt-card reads
ET11
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Poptronîcs °

Wireless Video Remote Video Micro Cameras
Cansera/iteoeiver Paolume
41840.0

1-rransiüy C'era 1-kceiter
2-Patui a.ban 2-Merwppiee
1-R2 Cable

yeêY

Wireless Transmitter / Resolver
Transmit Video /Audio from:
Surveillance Camera
Digital Video Disc
Laser Disc Player
Satellite Receiver
Wireless Cable
AN Receiver
Camcorder
Stereo Audio
CD Player

&.

color &

WR -2400

Wireless
Receiver

MB- 1250HRP - $149.95
Hi Res Pinhole Color Camera

Garomorms
Our popular pinhole

1-Aleaseis/ Rraciet

MINN

Wireless

camera now comes
with built -in video
transmitter. Connects
to 9V battery and
will operate up to
6 hours!
370 lines of resolution

$129.95

MB -1250P - $99.95
Low -Res Pinhole Color Cam

MB- 1250HRV -$199.95
High -Res Vari- Focal 4 -8mm
Color Camera

MB- 1150CX - $299.95
High Res C -Mount
Color Camera
470 TV Lines

MB -750U - $89.95
BAN CCD Camera

NAT-9 Color $289.95
NAT-5 B/W $249.95

i

MB -750P - $89.95
Pinhole B/W CCD Camera

MB -750UX - $119.95
C -Mount BNV CCD

Cable TV
VCR

Back of
Transmitter
8 Receiver is
Identical.

WT -2400

Wireless
Transmitter

WOR
2.4GH

$129.95

Bullet Cameras

ITH OUR

Canera

MB -850UX - $209.95
High Res C -Mount
B/W Camera
570 TV Lines
Auto Iris Capabilities

ROVERS

Remote Video Server

5.6" Monitor

LP-850W
B/W Camera
400 Resolution
Length: 1.8"
Diameter: 1.4"
Built -in infrared

Illuminators.
Camera can
see in the dark

$169.95

WP-300C
Color Camera
400 Resolution
Length: 2.6"
Diameter: .785"

Weatherproof
$229.95

www.polarisusa.com

5.6" Color TFT LCD Monitor
with Carrying Case

NETVID -6x6M SERVER...WORKS 3 WAYS!
1.

Over standard phone line ! ISDN / DSL

/ Ti / LAN

2. Internet using Internet Explorer or Netscape Navigator.
3. PC - LAN/Network. PC remote software allows user to dial

directly into NETVID -6x6M Server from any location!
Includes Software S Modem. Cameras are Not Included.

aCp

Video Catalog

Polaris Industries 470 Armour Dr. Atlanta GA 30324FAX 404.8 2.1038 Tech: 404.872.0722
CIRCLE 300 ON FREE INFORMATION CARD

Rechargeable Battery

Audio Capabilities

Handy Carrying Case

Brightness/Contrast/
Color Controls
Shoulder Strap $429.95
Waist Belt

8007523571

69

E ARN
MOR E

KENWOOD
Analog Oscilloscopes

MONEY:
Be an FCC
LICENSED
ELECTRONIC TEÇKNICIAN!

F
R

Model
PCS -4125

Price
$399.00

E
E
PCS -4125 Features:

Act Now.
Receive a Free B &K 536
Digital Mullimotor
5229.00 Value

with
PCS-4125 Purchase

CALL FOR YOUR FREE
Digital Multimeters
Frequency Counters
Power Supplies

_

Earn up to
$60 an hour
and more!

20MHz,2ch
High Withstand Voltage to 400V
Relay attenuator
Wide bandwidth & fast sweep
One touch X -Y switching
VERT mode / FIX triggering

CATALOG

Learn at home in spare time.
No previous experience needed!

No costly school. No

commuting to class. The
Original Home-Study course prepares you for the
"FCC Commercial Radiotelephone License." This valuable license is your professional "ticket" to thousands of
exciting jobs in Communications, Radar, Radio -TV,
Microwave, Maritime, Avionics and more...even start
your own business! You don't need a college degree
to qualify, but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low cost!
GUARANTEED PASS -You get your FCC License or
money refunded. Send for FREE facts now.

Call 1-800-932-4268

Ext. 210

Fax 1- 415- 332 -1901
Email: fcc @commandproductions.com

Visit our Website: www.LicenseTraining.com
r

COMMAND PRODUCTIONS
FCC LICENSE TRAINING - Dept. 210
P.O. Box 2824 San Francisco, CA 94126-2824

Please rush FREE details immediately!
Name

Address
City
State

INT'L PHONE:

800-638 -2020

(240)568 -3940

Mai! This Coupon Today!
70

Do Thieves Want

L
CIRCLE 231 ON FREE INFORMATION CARD

FAX:

20723 -1990
800- 545 -0058

INT'L FAX:

[240)568 -3948

WEB: WWW.PRODINTL.COM

Your Computer?

This Year 1.2 Million Desktop Computers Will Be Stolen.

Protect Your Computer with

PC

Doberman Security.

Thousands of PCs are equipped with security cards in North
America and Europe. PC Doberman is the most comprehensive
computer security available. Providing both anti -theft and access
control in one package.

Motion Detection
Motion Sensitivity Control
Unauthorized Access Alarm
Time Lock Access Control
Anti Password Hacking Alarm
Minimum Password Length Feature
Access Control and Disable Mechanism
Warning or Continuous Motion Alarms at 85 dB
A Log to keep track of when your PC is used.
A Real Time Clock
This commercial ISA bus card is easy to install under Windows
3.1, 95 or 98 and DOS. A dozen Windows setup and dialog boxes
let you configure the security to suit your needs.
PC Doberman protects your computer at $99.95
Mention this add and save $30.00 for only $69.95
For a kit of all parts, PCB, Windows software and build instructions save $40.00. A great deal at $59.95
Shipping and handling charges of $6.00 applies on all orders within continental United States and Canada. Elsewhere $11.00.
Canadians add GST /HST. Ontario residents add PST. All funds in
US dollars. Checks or Money Orders accepted.

Microdev
Zip

www.prodint:l.com

BREWER'S COURT LAUREL, MARYLAND

PHONE:

E -MAIL: SALES @PRODINTL.COM

1I.411111S/11

Function Generators
Oscilloscopes
Signal Generators

PRODUCTS
INTERNATIONAL

9893

800 -638-2020

363 Dale Crescent, Waterloo, ON, Canada,
N2J 3Y6, Tel: 519-746 -6819 Fax: 519 -746 -7292
sales @microdev.com
http: / /www.microdev.com

www. web -tronics. corn

New to our DMM line-up end possibly (probably) the best DMM value
ctides: Analog fiat Graph! Auto-Ranging!
anging Dota Hold! Temperature Probe! Frequency Test! ContinuityY Test! AND MORE.'
8s a FtoS! "tree
readifi o
checking
Measurer.
Auto Ranging, For easy, precise range settins
{
DC Volts: up to 1000V
Range Hold Control: allows for manual selection of your test
AC Volts: up to 750V
rane
AMPS:
up to 20 Amps (AC & DC)
3 -3/1 Digit LCD Display: Reads up to 3260. Easy to read display.
STOCK?
Function Dial: Easy to use to select measurement type or turn unit Resistance: up to 30M ohm
Continuity Check: vath audible signal
off
(signal sounds if resistance is less than 20
4 Jack Plug -ins: Safety design with different capacities for different
ohms. Display reads actual resistance).
functions.
Frequency: (IKHz to 300KHz) displays
Diode, Continuity Check Push -Button: For toggling between
both digital and bar graph reading
Specifications
diode check and continuity check.
Transistor hie Test: Display shows
Accurac
Low Battery Indicator: Advises you when its time to change
approximate hie value based on test
Vdc
±1.0% reading
y
battery.
condition
IOuA base current and Vice of Vac
of
±I8% reading
Extra Long 44" Test Leads: Helps get to hard to reach places
approx. 3V.
Adc,
±1.2% reading
Screw -On Alligator Clips: Convert one or both probe bps to
Temperature Test: Measures from 0° to Aac
18% reading
alligator clips.

#0519903

(probe supplied!)
Fuse -Protected Circuitry
Diode Test: Tests diodes are shorted or
Built -In Stand: Makes one hand operation easier
Shock Absorbing Rubber Carrying Case: with convenient probe open
storage clips and hanging tab Helps protect the DMM from damage if Input Impedance: 10Mohm (VdcNac).
over 100Mohm on 300 mVdc range
ccidentall
ed
1832°

F

dro

RF Field

Frequency Range:

I

StrengthAnalyzer)
I

Band FM (WFM), AM and Single
Side Band (SSB) Modulated Signal
May Be Measured
PLL Tuning System for Precise

ONLY

s

LO

Y

Includes

New

)

CCD B &W Board Cameras
ASIC CCD Area Image Sensor

c

i

Weatherproof,

21

VMBLTJC19BW COLOR! Weatherproof,

549.00

1

Color Versions Only 32mm x 32mm
Available in Standard Lens or Pinhole
Lens
All Include Pre -Wired Cable Harness for Video & Power
12V Regulated Power Supply Required (120mA typical
power consumption)
0.1 LUX Rating (B/W), 1 LUX (color)
CCD Area Image Sensor for Long Camera Life
Back Light Compensation Circuit
Built-In Electronic Auto Iris Lens
VMCW-H11A 32mmx32mmx3Omm, Color CCD with standard lens, prewired cabling 12V DC Power 5139.. / 1129.. 5 or more
VMCW-H12A 32mmx32mmxl9mm, Color CCD with pinhole lens, pre-wired
cabling, 12V DC Power Input 1139w/s129..5 or more
VMPS -718A 25mmx25mmx3Omm, B/W CCD with standard lens, prewired cabling, I 2V DC Power Input 159.4 /549 .5 or more
VMPS-250A 25mmx2Smmxl5mm, B/W CCD with pinhole lens, pre-wired
559.°0 / '49 00 5 or more
VCC -3232 32mmx32mmx3Omm, CMOS COLOR, std lens, see web for
\specs579.w /572..5 or more

any qty.
179.00

_-ll;

any qty.

'

limited warranty from C.S.I.

Comes with QFP Nozzle (0.68" x 0.68 ")

10

Location Memory

Mode
Decibel Measurement
Cap and Ind. Measurement
Temperature Mode (C /FI

the)

detailed specifications at
www.web-tronics.com in

See more

CCD camera setcion.

Auto Power OFF /"Keep ON" Mode
Fused 20A Input with
Warning Beeper
Back Light

Data Hold /Run Mode
Safety Design UL1244 & VDE -041

Protective Holster
Silicon Test Leads

CIRCUIT SPECIALISTS, INC.

Now
ONLY

429
Red,'

Logic Test

Dual Channel
Dual Troce

#OSC -1030

Vert Trigger
I Year C.S.I. Warranty!

Manufactured for CSI by a leading
O.E.M. manufacturer. See our
\website for detailed specifications!

accuracy and stable line regulation make the 3000
series the perfect choice for lab and educational use.
Line Regulation: WO'
O' + ma
I

LED Accuracy: Voltage ±1% +2 digits

Current ±I.5% +2 digits
Wave Line Noise: <Imvrms
Dimensions: 291 mm x 158mm x 136mm (CSI3003

i69

-

$89

)

CSI3003: 0- 30v/0 -3amp
Digital R/O Bench PS,
x I 0 -445mv Load

More
Details on
our

PROTEK 506

LOW AS

High stability digital read -out bench power supply

featuring constant voltage and current outputs.
Short -circuit protection and current limiting
protection is provided. Highly accurate LED

I

Web Site
I

Industries Best Price!
See web for specs

3000 Series Digital R/O Bench Power Supply
i-Low Cost Single Output o-3 Amp

1

Continuity/Diode Test

30MHz! ONLY $299!

Includes One

Transmitter & One Receiver with
Power Supplies $ 09.00
CSIHTR2400TX Extra
Transmitter /Each Receiver will
Monitor up to 4 Transmitters $89.00

Pulse Signal for Logic
& Audible Test

001F?t O'Scope Offer ONLY

#S R -979
For technicians,service /repair depots and assembly rework.We also stock a selection of nozzles
for QFP, SOP & PLCC devices (see our website
for selection details). Hot Air temperature variable from 100 °C to 400 °C (212 °F to 754 °F)
power consumption: 275w max.Auto cooling feature cools system after shut off to extend service life of heating elements and handle.One year

ow On Sale

Our Most Sophisticated DMM We Sold Over 700 Last Year!
with RS -232 Interface & Software, 3 -3/4 Digit, 4000 Count,Auto- Ranging
with Analog Bargraph
K Type Temperature Probe Included

Min, Max,Avg and Relative

Hot Air SMD Rework

ONLY

2.4 GHz AN Sender/Receiver S ste
frder

r

Station WOW! ONLY $489
Similar Systems Cost 100s More!

COLOR CCD Mini Board Cameras
Low Power Consumption
1 Lux Illumination
etailed Spec
Internal Synchronization
12Volts
on the Web
400 TV Lines
Built-In Electronic Auto Iris for Auto Light Compensation
VM3010PA 33mmx33mmxl8mm, Pinhole lens 599.40 any qty.
VM3011 -A 45mmx4Ommx24mm, Standard lens, single board 589.4 any
\I83010 -A 33mmx33mmx32mm, Standard lens 599.many qty.

CSIHTR2400

if MR-27

Details at www.web-tronics.com

cabling, 12V DC Power Input

7mm(D)x88mm(L) '139.. any q

Wireless FM transmission of video
(color or BIW) and sound (stereo or
mono) up to 150 meters (line of
sight)
Directional Antenna Design
optimizes performance
Use with remote cameras or any
input (satellite TV, cable etc.) where
wireless transmission is desired.View
on aTV set.
Performance through walls varies
depending on construction methods
etc.
Each set includes a plug -in power
supply for the transmitter & receiver.
K7 segment LED displays channel (1 -4)
on receiver & transmitter.

'.

ü1

any'sity,

25mm

etailed Specs

mm(D)x58.smm(L)

handle
CE Approved
Coating iron bottom cover
For IDE interface
For I" high 3 5" HOD
Not compatible with our RH 10 & RH20
Compadble with our RHI7-IDE model.

Al1 895
V

Mini CCDs (B/W & Color)

Bullet CCD CamerasB& W and Co /or

VMBLT1020 B &W, 21 mm(D)x55mm(L)

is

Sensational NEW Design for Small
Observation Cameras. Smaller and Bette
Ultra Miniature Design
Black & White Versions Only 25mm x

Smart Rugged Metal Housing
Detailed Specs
Low Power Consumption
n the Web
12 Volt
CCD Area Image Sensor for Long Camera Life
Built-In Electronic Auto Iris for Auto Light Compensation
No Blooming, No Burning
0.1 Min Lux Illumination (BIM), 1 Lux Min Lux Illumination (color)

True RMS Mode
10MHz Frequency Counter
Time Mode with Alarm.
Clock. and Stop Watch
Dual Display

\

Business
Since 1971

I

\

BS material of outer frame. High efficiency
cooling fan

¡tie

on the Web
Extremely Low Power Consumption
0.5 Lux Min Illumination
Built-In Electronic Auto Iris for Auto Light Compensation
VM1030PA-B 30mmx3Ommx25mm, Pinhole lens, I2V 539.00 any qty.
VM1030A 30mmx3Ommx26mm, Standard lens, I2V 539.00 any ty.
VM1035A 42mmx42mmx2Smm, Standard lens, 2V with back light.
compensation $49.00 any qty.
VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEDs, 12V 549.00 any qty.
VM1036A 32mmx32mmx25mm, Standard lens, 12V, reverse mirror image
feature 549.00 any qty.

no,++

Auto door on the outer frame

the dash

es o Se

p°l

J

emovable Hard Drive Rack with
Auto Door And Cooling Fan
ONLY

J

.

Search En S
Works
t! Y In
ll
That Reo
dded Conston

Eo

#3201

B &W

Models are Available. See www.web- honics.com under "hard

Dont forget
IJOVI$e

ani .OH'

`drive and accessories" for more details and pictures.

this site

LED Backlight LCD (192x192 dots
Built-in Frequency Counter
Hand -Held and Battery Operated
All Functions are Menu Selected
RS232C for PC Interface and

VMBLT1020W

ditis
digits
digits
digits
digits
digits
digits

to bookmark

J1589

$1 A,95

""tH

+5
+8
+5
+5
reading
+5
+_1.5%
+3.0% reading +5
±1.0% reading +6

Requires two AAA
batteries sold separately

'

ONLY

Use this product to protect
sensitive hard drive data, take your
-10C -IDE
hard drive between work and
home or even set up different users with their own hard drives that
they physically insets every time they use a PC. Other models available
from C.S.I. include RH l O series and RH2O series, which are
interchangeable within the same interface design (IDE or SCSI). Other

Worldwide patent pulling funco

Frequency Measurement and

`Printer

Frequency
Temperature.

It includes an electronic keylock
for safe removal and insertion
Made of ABS 707 fireproof plastic.

Atisio

t

Resistance:

Removable Hard Drive Rack

We Sold Over 14,000 in 1998!
This product can be used with any
3 -1/2 IDE hard drive up to I" high.

-D

CTRL

OOKHz to

2.060MHz

95

ñ.;._

www.web- tronicsecorn

For IDE /Ultra DMA Hard Drives

ONLY

NOW IN

(2GHz

r

www. web -tronics. corn

High Performance Auto Ranging DMM

\

220 S. Country Club Dr., Mesa, AZ 85210
CIRCLE 233 ON FREE INFORMATION CARD

Regulation
$99.00

5/$89.00

800 -528 -1417/480 -464-2485/FAX: 480 -464 -5824

71

spyout/et. corn

MOUSER'
L

E

Countersurveillance - Electronic Devices
Purchase your video cameras from
one of the largest importers in the U.S.
NEW Waterproof Bullet Cameras Spy Pinhole
Cameras starting at $79OÓ Wireless Video
Voice Changer 3 Hour Micro Recorder Shotgun

C

E

T

R

O

N

I

C

S

tú COMPANY

A

Electronic components online

Mic Locksmithing Bug & Phone Tap Detectors
Phone Call Register UV Pens & Powder
Realtime Telephone Recording Systems:
12 Hour $12500, 15 Hour $149°°

GPS Vehicle Tracking System (nationwide)
And much more

www.spyoutlet.com
Printed Catalog send $500

800 -346 -6873
sales @mouser.com

SPY OUTLET

www.mouser.com

2468 Niagara Falls Blvd., Tonawanda NY 14150
(716) 695 -8660 fax (716) 695 -7380

CIRCLE 220 ON FREE INFORMATION CARD

Roger's Systems Specialist

w

w

OPEN
Mon. -Fri.
9am- 5:30pm

24895 Avenue Rockefeller
Valencia, California 91355

OPEN
SATURDAY
9am -1 pm

"i

We Have Great Connections
Computer
Communications
Network Audio Video

w

.

r

o

g

RACKS

e

r

s

y

s

s

111111

t

e

s.

m

48 PORT PATCH PANEL

RACK -3B (3 foot, black).. $9900
RACK -7B (7 foot, black)... $9900
RACK -7A (7 foot, alum.). $12100

o

m

BELKIN

$7900
# PP -48P -5

c

$1 475

48 PORT CAT.5
PATCH PANEL 568 A &B

HINGED
BRACKETS

FREE MOUSE
PS /2 or USB
HB1 (1.75-inch)

$1200

HB2 (3.5-inch)
HB3 (5.25-inch)

$i800
$2100

with any $20
and up web order

Toll Free 800 -366 -0579

-

# DS- 401 -1284

i

4 Computer to
Printer AutoSwitch
Bi- Directional
Printer Sharing

Fax 661- 295 -8777

CIRCLE 308 ON FREE INFORMATION CARD

IEEE 1284

Doppler Direction Finder

Elf

Track down jammers and hidden transmitters with ease! This is the
famous WA2EBY DF'er featured in April 99 DST. Shows direct bearing to
transmitter on compass style LED display, easy to hook up to any FM receiver. The
transmitter - the object of your DF'ing - need not be FM, it can be AM, FM or CW.
Easily connects to receivers speaker jack and antenna, unit runs on 12 VDC. We
even include 4 handy home- brew 'mag mount' antennas and cable for quick set
up and operation! Whips can be cut and optimized for any frequency from 1301000 MHz. Track down that jammer, win that fox hunt, zero in on that downed
Cessna - this is an easy to build, reliable kit that compares most favorably to commercial units costing upwards of $1000.00! This is a neat kit!!
DDF-1, Doppler Direction Finder Kit

Wireless

RF

$149.95

Data Link Modules

RF link boards are perfect for any wireless control application; alarms, data

transmission, electronic monitoring...you name it. Very stable SAW resonator
transmitter, crystal controlled receiver - no frequency dritt! Range up to 600
feet, license free 433 MHz band. Encoder /decoder units have 12 bit Hottek
HT-12 series chips allowing multiple units all individually addressable, see
web site for full details. Super small size - that's a quarter in the picture! Run
on 3 -12 VDC. Fully wired and tested, ready to go and easy to use!
RX-433 Data Receiver

$16.95 TX -433 Data Transmitter

$14.95

RXD-433 Receiver/Decoder

$21.95 TXE -433 Transmitter/Encoder

$19.95

11m-+.v
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AM Radio
Transmitter

Top quality Japanese Class 'A'
CCD array, over 440 line line resolution, not the off-spec
arrays that are found on many other cameras. Don't be
fooled by the cheap CMOS single chip cameras which have
1/2 the resolution, 1/4 the light sensitivity and draw over
twice the current! The black & white models are also super
IR (Infra -Red) sensitive. Add our invisible to the eye, IR -1

illuminator kit to see in the dark! Color camera has Auto
gain, white balance, Back Light Compensation and DSPI
Available with Wide-angle (802) or super slim Pin -hole style
lens. Run on 9 VDC, standard

1

volt p -p video. Use our

transmitters for wireless transmission to TV set, or add our
IB -1 Interface board kit for super easy direct wire hook -up to
any Video monitor, VCR or TV with AN input. Fully assembled, with pre -wired connector.
CCDWA-2, B &W CCD Camera, wide -angle lens

$69.95

CCDPH-2, B &W CCD Camera, slim fit pin -hole lens $69.95
CCDCC -1, Color CCD Camera, wide -angle lens
$129.95
IR -1, IR Illuminator Kit for B&W cameras
$24.95

....

IB -1, Interface Board Kit

C

Operates in standard AM broadcast band. Pro version, AM -25, is synthesized for stable, no-drift frequency and is setable for high power
output where regulations allow, typical range of -2
miles. Entry-level AM -1 is tunable, runs FCC maximum
100 mW, range 1/4 mile. Both accept line -level inputs
1

from tape decks, CD players or mike mixers, run on 12
volts DC. Pro AM -25 includes AC power adapter,
matching case and bottom loaded wire antenna. Entrylevel AM -1 has an available matching case and knob
set that dresses up the unit. Great sound, easy to build
- you can be on the air in an evening!
AM -25, Professional AM Transmitter Kit
$129.95
AM -1, Entry level AM Radio Transmitter Kit... $29.95
CAM, Matching Case Set for AM -1

$14.95

Mini Radio

Professional synthesized FM Stereo station in easy to use, handsome
cabinet. Most radio stations require a who e equipment rack to hold all
the features we've packed into the FM -100. Set freq with Up/Down
buttons, big LED display. Input low pass fifer gives great sound (no
more squeals or swishing from cheap CD inputs!) Limiters for max
'punch' in audio - without over mod, LED meters to easily set audio
levels, built -in mixer with mike, line level inputs. Churches, drive -ins,
schools, colleges find the FM -100 the answer to their transmitting
needs, you will too. Great features, great price! Kit includes cabinet,
whip antenna, 120 VAC supply. We also offer a high power export
version of the FM-100 fully assembled with one watt of RF power, for
miles of program coverage. The export version can only be shipped if
accompanied by a signed statement that the unit will be exported.
FM -100, Pro FM Stereo Transmitter Kit

$249.95

FM- 100WT, Fully Wired High Power FM-100

$399.95

FM Stereo Radio

Transmitters

No drift, microprocessor synthesized! Great audio
quality, connect to CD player, tape deck or mike
mixer and you're on -the -air. Strapable for high or low power! Runs on
12 VDC or 120 VAC. Kit includes snazzy case, whip antenna, 120 VAC
power adapter - easy one evening assembly.
FM -25, Synthesized Stereo Transmitter Kit

Receivers

HFRC -1, WWV 10 MHz (crystal controlled) Kit
FR -1, FM Broadcast Band 88-108 MHz Kit

$34.95

FR -10, 10 Meter FM Ham Band Kit

$34.95

$24.95

FR -146, 2 Meter FM Ham Band Kit

$34.95

$29.95

FR -220, 220 M;,lz FM Ham Band Kit

$34.95

$27.95

Matching Case Set (specify for which kit)

$14.95

radio....

PIC -Pro Pic Chip Programmer
Easy to use programmer for the PIC16C84, 16F84, 16F83 microcontrollers by Microchip. All software
- editor, assembler, run and program - as well as free updates available on Ramsey download site!
This is the popular unit designed by Michael Covington and featured in Electronics Now, September
1998. Connects to your parallel port and includes the great looking matching case, knob set and AC
power supply. Start programming those really neat microcontrollers now...order your PICPRO today!

$59.95

$34.95

RF

$9.95

Power Booster

Add muscle to your signal, boost power up to 1 watt
over a freq range of 100 KHz to over 1000 MHz! Use
as a lab amp for signal generators, plus many foreign users employ the
LPA -1 to boost the power of their FM transmitters, providing radio service through an entire town. Runs on 12 VDC. For a neat finished look,
add the nice matching case set. Outdoor unit attaches right at the
antenna for best signal - receiving or transmitting, weatherproof, too!
LPA -1, Power Booster Amplifier Kit
$39.95
$14.95
CLPA, Matching Case Set for LPA -1 Kit
LPA -1WT, Fully Wired LPA -1 with Case
$99.95
FMBA -1, Outdoor Mast Mount Version of LPA -1
$59.95

FM

Station Antennas

For maximum performance, a good antenna is needed.
Choose our very popular dipole kit or the Comet, a factory
made 5/8 wave colinear model with 3.4 dB gain. Both
work great with any FM receiver or transmitter.
TM-100, FM Antenna Kit

$39.95

FMA -200, Vertical Antenna

RAMSEY ELECTRONICS, INC.

Order Toll -free: 800 -446 -2295

793 Canning Parkway Victor, NY 14564

Sorry. no tech info. or order status at 800 number

See our complete catalog and order
on -line with our secure server at:

For Technical Info. Order Status
Call Factory direct: 716 - 924 -4560

$34.95
$14.95

FMAC, 12 Volt DC Wall Plug Adapter

FR -6, 6 Meter FM Ham Band

SR -1, Shortwave 4.11 MHz Band Kit

$129.95

Lower cost alternative to our high performance transmitters. Great value, easily tunable, fun to build. Manual
goes into great detail about antennas, range and FCC
rules. Handy for sending music thru house and yard,
ideal for school projects too - you'll be amazed at the
exceptional audio quality! Runs on 9V battery or 5 to
15 VDC. Add matching case and whip antenna set for nice 'pro' look.

$14.95

Kit

$1995.00

CFM, Matching Case and Antenna Set

$29.95

PIC-1, PICPRO PIC Chip Programmer Kit

i

FM -10A, Tunable FM Stereo Transmitter Kit

AR -1, Airband 108-136 MHz Kit

SCA -1

tured RF signal generator!
Covers 100 KHz to
c
999.99999 MHz in 10 Hz
steps. Tons of features;
calibrated AM and FM
modulation, 90 front panel
memories, built-in RS -232
interface, +10 to -130
dBm output and more!
Fast and easy to use, its
big bright vacuum florescent display can be ead from anywhere on the
bench and the handy 'smart-knob' has great analog feel and is intelligently enabled when entering or changing parameters in any field -a
real time saver! All functions can be continuously varied without the
need for a shift or second function key. In short, this is the generator
you'll want on your bench, you won't find a harder working RF signal
generator - and you'll save almost $3,000 over competitive units!

Transmitter

Imagine the fun of tuning into aircraft a hundred miles away, the local police/fire department, ham operators, or how
about Radio Moscow or the BBC in London? Now imagine doing this on a little radio you built yourself - in just an
evening! These popular little receivers are the nuts for catching all the action on the local ham, aircraft, standard FM
broadcast radio, shortwave or WWV National Time Standard radio bands. Pick the receiver of your choice, each easy
to build, sensitive receiver has plenty of crystal clear audio to drive any speaker or earphone. Easy one evening
assembly, run on 9 volt battery, all have squelch except for shortwave and FM broadcast receiver which has subcarrier output for hook -up to our SCA adapter. The SCA -1 will tune in commercial -free music and other 'hidden' special
services when connected to FM receiver. Add our snazzy matching case and knob set for that smart finished look!

SCA Subcarrier Adapter kit for FM

A super price on a full fear?
pe
.

Super Pro FM
Stereo

Eyeadir

We call them the 'Cubes'.... Perfect video transmission from a transmitter you can hide under a quarter and only as thick as a stack of
four pennies - that's a nickel in the picture! Transmits color or B &W
with fantastic quality - almost like a direct wired connection to any
TV tuned to cable channel 59. Crystal controlled for no frequency
drift with performance that equals models that cost hundreds more! Basic 20 mW model transmits up to 300' while
the high power 100 mW unit goes up to 1/4 m'le. Their very light weight and size make them ideal for balloon and
ocket launches, R/C models, robots - you name it! Units run on 9 volts and hook -up to most any CCD camera or
standard video source. In fact, all of our cameras have been tested to mate perfectly with our Cubes and work great.
Fully assembled - just hook -up power and you're on the air! One customer even put one on his dog!
C- 2001, High Power VideoTransmitte ...$179.95
C -2000, Basic Video Transmitter
$89.95

Cameras

GHz RF Signal Generator

RSG -10008 RF Signal Generator

World's Smallest TV Transmitters

CCD Video

1

www.ramseyelectronics.com
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$114.95

DIJCOVER
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ORDERING INFO: Satisfaction Guaranteed. Examine for 10 days, if
not pleased, return in original form for refund. Add $6.95 for shipping, handling and insurance. Orders under $20, add $3.00. NY residents add 7% sales tax. Sorry, no CODs. Foreign orders, add 20%
for surface mail or use credit card and specify shipping method.
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Your Source for All
Your Electronic Needs

1

Jensen original tool kits, test instruments,
diagnostic software, specialty tools,
wire /cable /connectors,
technical manuals & much more!
Satisfaction Guaranteed
Lifetime Guarantee on
Jensen brand hand tools
Free Same Day Shipping
Free Technical Support
24 hour / 7 day FaxBack "' Service
100%

JENSEN

tyirril
Ask about our new
line of Jensen brand

handheld meters
like the JTM -93 shown.

7815

S.

Moen00

th Street,

:r9

800-426-1194
re
8UQ 'ób -9óó'
E -Mail: jensen @stanleyworks.com
Secure Online Ordering: www.jensentools.com

TiePieScope HS801

Tel:
Te1

PORTABLE MOST

MEMBRANE

SWITCHES
50 MHz ARBITRARY WAVEFORM GENERATOR

-

100 MHz STORAGE OSCILLOSCOPE 50 MHz SPECTRUM ANALYZER 6 DISPLAY MULTIMETER 200 DAYS TRANSIENT RECORDER-
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The HS801: the first 100 Mega
samples per second measuring
instrument that consists of a

MOST íMultimeter,

zp
eSs

Stock Layouts!
Eliminate tooling costs...
* *From 2

Oscil-

Optional Stainless Steel
Tactile "Clickdomes ".

loscope, Spectrum analyzer and
Transient recorder) and an AWG

(Arbitrary Waveform Generator). This new MOST portable
and compact measuring instrument can solve almost every
measurement problem. Wth the

Industry * Hobbyist
Production * Prototyping

integrated AWG

Popular tactile types are available as

you can
generate every signal you want.

complete

kits, with bezel, connector
&

user defined toolbar with
which over 50 instrument settings quick and easy can be accessed is offered
by the versatile software. An intelligent auto
setup allows the inexperienced user to perform
measurements immediately. Through the use of
a setting file, the user has the possibility to save
an instrument setup and recall it at a later
moment. The setup time of the instrument is
hereby reduced to a minimum.

to 128 keys **

overlay!

A

Analyzing signals is done with an 8 bit resolution
and a maximum sampling speed of 100 MHz.
The input range is 0.1 Volt 'ull scale to 80 Volt full
scale. The record length is 32K/256K samples.
The AWG has a 10 bit resolution and a sample
speed of 25 MHz

Convince yourself and download the demo software
from our web page: www.tiepie.nl. When you have
questions and / or remarks, contact us via email:
support@tiepìe.nl. The HS801 is delivered with a user
manual, two probe's, Windows and DOS software.
US dealer:

Feedback Incorporated: Tel 800 -526-8783;
Fax 919-644 -6470; www.fbk.com

Outsite US:
TiePie engineering P.O. BOX 290, 8600 AG SNEEK,
The Netherlands
Tel: +31 515 415 416 Fax: +31 515 418 819
Web: www.tiepie.nl

4 key

DTK-4 kit $14.67

12 key

DTK -12 kit $24.43

many more layouts...

Sil- Walker
(805) 491 -0654
FAX (805) 491 -2212
P.O. Box 3220
Camarillo, CA 93011 -3220
silwkr@vcnet.com

www.vcnetcom/silwkr/
MASTERCARDNISA
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electronics
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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. Make
contact Toll Free: 1-888-314-2620 or

f,

www.bigbangelectronics.com.

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.

ioneer

Dennon

MB Quart

Philips

foir

Pioneer

Dennon

mow

MB Quart

Ph

MP3 Player records up to

Pronto Intelligent/Universal
Remote controls unlimited
number of components

80 hours of music

Rewritable CD Rom
HandsFree
PC Camera

Cell Phone Holder /Charger
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Future Horizons Advanced Technology

DIGITAL STORAGE

OSCILLOSCOPES

Po Box 125 Marquette. MI 49855

tf'

Traffic Light Buster
This device will turn traffic
lights green in many cities by
the touch of a button.
Emergency vehicles use this to pass
through traffic lights quickly. Can be
dash mounted or handheld.

v..0

TLBU Plans- $15.00
TLBZ Ready to Use -$250.00

6
RnM,r

r+a,.,.

Ambient Power Module
Low cost circuit
provides up to 9 watts
of electrical power
from free -energy in the air. Can
replace batteries in many devices.

I,
I1;

Low cost modules convert PCs into
sophisticated virtual instruments including:
Digital Storage Oscilloscope, DVM, Spectrum
Analyzer, Frequency Meter and Data Logger.
Speeds to 100 msps. Resolutions to 16 bits.
From $99 to $799.
ATC produces and sells our
mss
,
,
,'°
O -Scope products and also
.

PWRM Plans-$20.00
PWRZ Ready to use -$97.00

Ionocraft
Proven electrical
phenomemn
produces anti
gravity levitation of small craft.
Solid State, no moving parts, easily
scaled up. Larger craft can exceed
lifting efficiency of modern
helicopters. Uses HIDZ pwr supply.
IONO plans- $20.00

.
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sells pico technology virtual

w

instruments and data

'

loggers including the new
.y revolutionary educational
L - product-- DrDAQ --

-

Serial port problems? Check out SERIAL,
our protocol analyzer program for $99.
DFA -5 low cost differential amplifier makes
low voltage measurements easier. $129.
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ATC now offers TPI's
test instruments and
HiRel's HH -972, a

combination standalone oscilloscope
and component curve
tracer for only $259.

. ,.
t

HIDZ Power supply-$225.00

Lightsaber
Produces brilliant
blade of glowing
humming light 36"
long by the flick of
a switch. Virtually
identical to those
seen in the movies
but this one is REAL. Completely
safe.(available in red,green,blue)

LIGH Plans-$20.00
LIGZ 24" Lightsaber- $140.00
LIGZ -36 36" Lightsaber -$160.00

Cordless Phone Extender
Learn to extend your cordless
phone range to 50 miles.
Place calls all around town.
Great alternative to cell phones.

CPHE Plans-520.00

Electronic Mind Control
Control minds
with this simple
technology.
Others will do anything you program
them to. Get that raise you always
wanted or reprogram your mind.

MIND Plans-S15.00
MINZ Ready to use -5124.00

Please add $5.00 Shipping/Handling, Overseas $11.00
0116)249 -5197 24 hr order only line (996)249 -1525 Fax
b} \ isa, \It',:>,mcc.1)isc,('lrl: \Iu,('ash
Send S3 fur catalog
1
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Start A Career With High Wages,
Excellent Benefits and Job Security!!
With UCANDO's extraordinary maintenance training programs you
can quickly and easily enter a high paying field as a maintenance
technician for a very small investment of time and money.
RC-M ONLY $165 RC -M is a 15 hour training
course on relay ladder logic systems. Includes a 5part video and workbook. Great Value!

PLC-M ONLY $198 PLC -M is
a 32 hour training course on
PLC systems. Includes (2) 4 -part video's and
workbook. This training is valuable.
ONLY $209 HYD-M is a 32 hour course
on Fluid Dynamics. Includes (2) 4 -part video's
HYD4101

and workbook. This Module is a must.

Call or Check our
web site for pricing
and availability

SC-M ONLY $215 SC -M is a
32 hour training course on AC 8, DC Servo
Controllers. Includes (2) 4 -part video's and
workbook. Learn everything you need about

MC/Visa/Amex

Electronic Training Videos:

800 - 980 -9806
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Nv'wtc.futurchoriians.net

AC

and DC servo Control Systems.

Basic Electronics, Digital
Electronics, TV Repair, LASER and Fiber Optic training videos
available at very affordable prices starting at Only $39.95 each.

ALLISON TECHNOLOGY CORP.

For information or to place an order call:

2006 FINNEY VALLET, ROSENBERG, TX. 77471
PHONE: 281- 239 -8500
FAX: 281- 239 -8006

1-800 -678 -6113

http://www.atcweb.com

atc @atcweb.com

www.ucando -corp.com
Products Corp., Greenville,

UCANDO VCR Educational

OH

Power Tools for Electronic Design Automation
More Features
More Power
Less Money

N,:u.

.03

!vex Spice is the latest
addition in affordable EDA
solutions. Use Ivex Spice
with WinDraft Schematics

for fast, professional
results with un- surpassed
ease.

Ivex 65o pin versions have
no feature limitations like
other low cost products on
the market. Fast expert
technical support, free 24
hour Knowledge Base on
the web, and professional
full -featured tools have
made Ivex the preferred
choice for designers.

WinDra f t®
Schematics

Full Featured 32

TM

$250
bit application

Powerful hierarchical designs
Easy single click editing
Graphical part editor
Windows functionality
Advanced Bill of Materials
User Definable Electrical
Rules Check
Common netlist formats:
(Accel, Protel, Pads,
wirelist, Spice 3f5, E more.)
Im -Dort Orcad /SDT files /parts
Visual PCB footprint browser
Over 12,000 parts included

Ivex Spice/standard
Analog Simulation
$99
The Standard Edition includes:

Multi channel display
Over 3,000 models
Uses Spice 3f5 netlist
Use with WinDraft 3.05+
Seven Analysis types:

Operating Point,
DC Sweep, Transient Analysis,
Fourier, AC Frequency Sweep,
Small Signal Transfer,

Sensitivity.
TM

WinBoard®
Layout $250
il

Ivex Spice /Adanced

Malti layer designs (f6)
Surface mount designs

The Advanced Edition has

PCB

For larger designs
use these Ivex Products:

WinDraft unlimited: $495
WinBoard unlimited: $495
Specctra autorouter
$650
SP2 -1000:
Ivex View unlimited $ 99

aso

Analog Simulation

$299

tondo,.

Advanced Design Rule Check
Electrical DRC check and
Real -Time DRC
Single click editing
Graphical part E pad editor
Hundreds of footprints
Copper zone pour
Output Gerber photo plot files

all the features of the
Standard Edition, with
these additional analysis types:
Transient Parameter Sweep.,
AC Parameter Sweep,
Distortion Analysis,
Pole-Zero Analysis, Noise
Analysis and Monte Carlo.

Visit the Ivex web site for complete product
information and download full function demos.

www.ivex.com
Tel: (5o3) 531-31,-,::

ADV5_6
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AFTER

*No Rolls- Jitters, Flickers 'Fading
+Works on all TVs, VCRs, Beta, & Cable
*Gold Video Connectors & Cables Included
+1 Year Warranty
+Money Beck Guarantee

áráEEí-

:;

\r1E-ESt?R

26-225Z,

2609 S. 156th

le

,

NE

68130,
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Build Your Own Intelligent Robot, We Make It Easy!

Lynxmotion, Inc.
104 Partridge Road
Pekin, IL 61554 -1403
www.lynxmotion.com

Visit our website or ask for our tree catalog!

EZ -EP DEVICE PROGRAMMER
Check Web!! --

Tel: 309 -382 -1816
Fax 309 -382 -1254

motion
www.m2l.com

Fast - Programs 27C010 in 23 seconds

Portable - Connects to PC Parallel Port
Versatile - Programs 2716-080 plus EE
and Flash (28F,29C) to 32 pins
Inexpensive- Best for less than $200
Correct implementation of manufacturer
algorithms for fast, reliable programming.
Easy to use menu based software has binary
editor, read, verify, copy, etc. Free updates via
bbs or web page.
Full over current detection on all device power
supplies protects against bad chips and

-

,ales @lynxmotion.com
tech @lynxmotion.com

$169.95

Available Adapters
EP-PIC (16C5x,61,62x.71,84) $49.95
EP-PIC64(62-5.72-4)
$39.95

EP-PIC12(12C50x)
EP-PIC17(17C4x)

Robot Kas, Programmable Robots,

$39.95
$49.95
$39.95
$59.95
$39.95
$49.95
.39.95
$39.95
$59.95
$59.95

EP-51(8751 C51)
EP-11E(68HC11 E/A)
EP-11D168HC711D3)
EP-16 1608 40 in EPROMS
EP- Z8(Z86E02.3.4,6.7,8)

Z-EP

LEGO Robots, Living Robots,

ELECTRONICS

EP- SEE2(93x.24x.25x,85x)
EP- 750(87C750.1,2)
EP- PEEL(ICT22v10,18v8
EP- 1051(89C1051,2051)
'39.95
EP -PLCC PLCC EPROMs)
$49.95
EP-SOIC (SOIC EPROMs)
$19.95
Man Other Ada fers Available

Home and Office Robots, Muscle

,

Wires

M2L

REQUEST OUR FREE

Electronics

970/259 -0555 Fax: 970/259 -0777

reverse insertion.
Broad support for additional devices using
adapters listed below.

Electronics and More!

1

250 CR 218 Durango CO 81301.
CO Diaeis add 7% sales tax.

48 PAGE CATALOG
WITH OVER 400 ITEMS!

-

Sleep://www.m21.com

CONITEC
Best for HIGH PERFORMANCE fieldwork
One Pocket Sized Tool Does It

All With Expending Output Capability

A universal multi -programmer combining
performance, flexibility and room for expansion. Optimal for use in the field. Small
enough to fit in your pocket it will output
to a wide array of devices.

Independent power supply with recharge able battery / Uses PC printer port / Hex,
JEDEC, and binary file formats / Hex & fuse map buffer editor /Split & shuffle for 8 -bit
16-bit and 32 -bit targets / Runs under
Fast, Versatile Field Programmer Win3.1, 95, 98, NT/ 'Remote Control' by
DDE scripts/ Designed for the future with
Programs 8 -bit and 16-bit EPROMs, EEdriver Deviog
vlan
PROMS, Zero Power RAM's, Flash, Serial
added every month /e evpe_fbe, deoa soh EEPROMS /GAL, PALLE, ATF/87xxx, 89xxx,
ware and lifetime free updates from our
PIC12/16/17Cxx / All DIL devices without
adapter / Lightning fast parallel data trans- website.
fer le. g. 270512 read/compare 2sec!)
GALEPNI/rade, bat! and redarger..5333.00
/8-bit EPROMs /16 -bit EPROMS /GALS
........................................................... each 8149.00

PLCC adapt.

COMPLETE SIT

78

CONREC DATASYSTEMS

GALEIP-111
Pocket MuStlprogrammer

ONLINE ORDERS: WWW.CONREC.COM

951 4th Avenue. Suite 301 San Diego. CA 92101 Tel: 619 -702 4420
-

-

www,RobotStore.com

800-3745764
Mondo-tronics Inc.
PMBN 423e Redwood Nwy Dept. 166
San Rafael, CA 94903
ph

416491.4600 fx 415-4914696

"I Got
The Career I Wanted
And The Pay I
Deserve.
You Can Too!"

Earn up to $20/Hour and
more as a PC Specialist
Were you passed up for the promotion because someone had the
computer skills you didn't? Are you
entering the job market again? Or,
do you want your business to run
more efficiently?
A lot of ambitious people, like
you, have been asking these same
questions. Foley-Belsaw has the

earn $25 to $40 an hour
and thats just a start. In
a business of your own you can
charge $75 to $125 an hour for
many repair jobs.
The Computer Repair Course is
complete. You'll learn using basic
step by step easy to understand language. Soon you'll be proficient at
all types of advanced repair procedures. With your new skills you can
earn a good living and start living
better - regardless of your previous
computer experience. It's just that
simple.

Get The Foley -Belsaw
answer. The Personal Computer
Repair Course.
With Foley-Belsaw's Computer
Repair Course, you'll get the computer skills to land a better job or
start a business of your own. Trained
Computer Repair Technicians can

Computer Repair; Maintenance &
Upgrade: (NEW) Service the
information superhighway as a skilled
computer technician.The computerization of America can mean big money
to you.

2

Computer Programming:

Skilled programmers are in
demand and technology is the wave of
the future. Secure your future. Learn
computer languages and programming

TV/Satellite Dish:
Entertainment is big business.
Here's your lucky break. Earn top
dollar as a skilled satellite dish techni-

3

cian.

A Electricia n: The opportunities

are endless. As a trained commercial or residential electrician your
"Even before

I finished my course, I

got my first raise. Thank you Foley Belsaw.

Since 1926, Foley-Belsaw has

been helping people build a better
future. We provide you the training,
technical support and resources to
succeed. You set your own study
pace and train at home. Our SkillPak
lessons teach a variety of computer
future is sure to be bright. Earn while
you learn in this fast-growing field.
5VCR/DVD Qeanifg, Maintenance
. &Repair. Learn troubleshooting
skills for repairing and servicing VCRs
and earn up to $50 an hour.

"

John

O., Chicago, IL

Fast-

mail coupon below or
Call Toll -Free
1 -800- 487-2100 Ext. A0145
to receive full
information and details
free by return mail
DO IT TODAY?
efficiency. Networking specialists can
earn great money tying personal cornputers together to make efficient
operating systems.
PC Specialist: Learn word processing, spreadsheet and database
applications.

/

paced America depends on

C

FOUR
BELSRW

skills.

Fill in and

Training Advantage

GNetworking Specialist:

operations.You practice as much as
you want.There aren't any deadlines
and most students complete the
course in a few months - at home
and in your spare time.
Turn your doubts into dreams.
Get the career you want and the
pay you deserve. Call or send for
your free opportunity kit for the
Computer Repair Course or in the
electronics field that interests you.
Opportunities await you.The information is free and there is no obligation.

` FoleyBelsaw Institute
6301 Equitable Road Kansas
1

Please Check Only ONE

of the Following:

City, MO 64120

YES! Rush me a free information kit on the Computer Repair
Course right away. 321
VCR/DVD Repair, 320

TV/Satellite Dish, 322

Computer Specialist, 325
Computer Programmer, 323

Electrician, 326
Networking Specialist, 324

Name
Street
City

State

Or Call Toll-FREE
CIRCLE 318 ON FREE INFORMATION CARD

1- 800 -487 -2100

Zip

Ext.A0145

Any waveform you want!
Synthesized Signal Generator

New

Clean sinewaves DC -21.5 MHz, .001% accuracy!
.01 Hz steps. DC Offset. RS232 remote control.

Features:
rt.r13
Pe eat

Arbitrary Waveform Generator

21.5 MHz

¢111

e1.n4aeq

ve

.01 Hz steps

rat,

multi -unit
phaselock

40 Megasamples /Second. 32,768 points. 12 bit DAC

Function Generator
Ramps, Triangles, Exponentials & more to 2 MHz!

Pulse Generator

Berkeley Nucleonics Corp. Model 625A

Digital waveforms with adjustable duty cycle

II11111,
DC to 21.5 MHz linear

and log sweeps

Ramps, Triangles,
Exponentials

nt/Ext AM, SSB,
Dualtone Gen.

Int/Ext FM, PM,
BPSK, Burst

Noise

Arbitrary Waveforms

Pulse Generator

Berkeley

Nucleonics Corp.

ij

(III

Ills

3060 Kerner Blvd. Suite

2

San Rafael, CA 94901 -5418

Tel (415) 453 -9955
Fax (415) 453 -9956

Unlimited Possibilities!
www.berkeleynucleonics.com

CIRCLE 311 ON FREE INFORMATION CARD
2539 W. 237th Street, Bldg.r F, Torrance, CA 90505
872.8878 CA: (800) 223.9977
L.A. & Technical info: (310) 7844488 Fax (310) 784.7590
h
: / /www
is .net /fimsline

I

6tid 32,000

Over 14

LIQUID CRYSTAL DISPLAYS
240x64 dot LCD with built-in controller.

I-,

AND 4021ST-E0. Unit is EL back -lit.
20 character

o 8

tine 7X1.

o

The built -in controller allows

2ZH

mu h,

16x2
16x2
16x4

$6.00
$8.00
$6.00
$10.00
$12.00

(tg. cher.)

5V power required

20x2
20x4
20x4
24x2
32x4

char.)

(1g.

$8.00
$8.00
$10.00
$8.00
$10.00

$8.00
$8.00

40x1

2 for $20.00

520.00
$5.00

Built -in C -MOS LCD driver 8 controller Easy "microprocessor- interface
generator Certain models are backlit, call for more Info.

6" VGA
L

t tfr.

Ogg

size

Mt

Epson
Panasonic
Toshiba
ALPS

$20.00
$15.00
$15.00
$10.00

480x128
256x128
240x128 (backlit)
240x64
160x128

Hitachi
Epson
Optrex
Epson
Optrex

5

Ow

1
Horizontal frequency 15Khz.

Flac

Faceplate

2

Standard Inkrfoce Connector

Degassing Coil included

Fully Enclosed

CODE
MAGNETIC CARD READER
80

wppiy

standard

t

lull

d

.

°.

numerc capability
interface extension cord

kevpand with

swivel type.

$ I O -exes

II alpha -numeric entry
ad

lithium

HP bar code wand (HBCS 2300) $19.00

Rot-core

er

st'h.IV

1.;12

$2-'41...

rate

2

r.r rJr-

These transceivers were designed for operation in an AMPS (Advanced Mobile Phone Service) cell site. The
20 MHz bandwidth of the transceiver allows it to operate on all 666 channels allocated. The transmit
channels are 870.030- 889.980 MHz with the receive channels 45 HMz below those frequencies. A digital
synthesizer is utilized to generate the selected frequency. Each unit contains two independent receivers to
demodulate voice and data with a Receive Signal Strength Indicator (RSSI) circuit to select the one with
the best signal strength. The transminer provides a 1.5 watt modulated signal to drive an external power
ampltier. channel selection is accomplished with a 10 bit binary input via a connector on the back panel.
Other interface requirements for operation are 26 VDC (unregulated) and an 18.990 MHz reference
frequency for the digital synthesizer. The units contain independent boards for receivers. exciter.
synthesizer, tunable front end, and interface assembly (which includes power supplies and voltagecontrolled oscillator). Service manual, schematics and circuit descriptions included.

4 INCH LCD MONITOR

Mk Somkon

- Tilt and

Pos D BAR

20 character dot matrix display

tor $49g

60 Hz Vert. Sync. Freq.

9" COLOR SVGA MONITOR $169!"

Cpl

'

Ability to do 40 and 80 column.

CGA & Hercules Compatible

'15.75KHzHorizFreq

Open Frome Construction

7.5 VDC /0.5

(AAA. SITEE. l'i

inch Amber $19.00 7 inch Amber $19.00
9 inch Amber or Green $19.00

320 x 200 Dot Resolution

12 VDC Operation

COMPUTER $%9.

1.8cm (0.7 inch) unit LCXOO9AKB 82711 x 228V $29"1

II

5" COLOR MONITOR $29: "'

480

SONY Miniature Color LCD Display S2990

$10.00
$20.00
$20.00
$15.00
$15.00

moll ITORS
Norm- E to e ca sed TTL

EMBEDDED

Complete enhanced Intel 410%.33 based computer in ultra small t9-710L x 6.3/1111 c 3.Ii H t rare. Ideal for embedded operations
or as a second computer. Features include: One 16 bit ISA dol
3 serial ports plus dedicated printer port
Paralkl optical
coupled adapter port
Built in IBM PC/AT keyboard p"n On board VGA video und eon Lses standard SIMM up to 32 MB

Unit has a backup Ni-Cd hattery system in case of power failure (5 min. backup time) and lockable front
cover to prevent floppy drive access. Mounting / interface provisions for standard 3.5" laptop floppy
and 2.5 inch hard drive.. Cornes with very comprehensive manual.

LCD 640X480, San Y o LMDK55 -22 $ 19ffi

Cores with pinout. 12V at 1.4 Amp Input

x.25) 12 channel nxeiver engine. Su
NMEA 0183 and binary protocols. Supports
DGPS input in both protocols. Compatible with active and passive antennas. 'Keep-Alive" reduced power
capability. Standard 2mm 2x10 interface coeneeiM. Complete manual and interface documentation available.
Compatible with most laptop software using NMEA interface. Suitable for wick range of GPS applications
including: Handheld CPS. Automotive / Manne / Aviation Applications, Amateur APRS and Packet.

BIOS o PLAT compatible

98 ASCII character

Graphics and alphanumeric -serial interface
84.8
640x480 (backlit)
640x400 (backlit)
640x200
480x128(backlit)

il

Miniature (2.75' x 1.5"

32x2

40x2
40x4
4x2

x

e

Rockwell "Jupiter" GPS Receiver $69 °O

do feet and graphics.

Alphanumeric -parallel interface
16x1
16x1 (g. char.)

ead titi(

«

HACKER CORNER

$59." or 2 for $109." or
$49." or 2 for $89."

OPTREX. DMF5005 (non back -lit)

$

Minimum order: $20.00. Minimum shipping and handling charge
be personal checks o,
odd .25% Ass to
we are pe renal ch ck for
e residents add 8.25%
typographical error All merchandise subject to prior sae. Fho m orders
,, orne. Foré
«de
m
chu
without notice. 20% restocking eel for
rrreturrnned orders.

TIMELINE
INC.
oshoof

Order desk only: USA: (800)

$49'0°

Compact (4.4" x 3.8" x 1.4") TFT active matrix LCD color monitor including
fluorescent backlight. Analog RGB and composite sync input with switchable
horizontal / vertical viewing. Low power consumption and long life backlight make
it ideal for security and door phone use. Single 8 VDC supply and good resolution
allow mobile operations or use with laptops. Standard ribbon cable - Molex
connector interface Complete specification, included.

N TS4C
COMP OSITE
4"
LCD MONITOR $4ó9Q9
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The Best In Electronics Anywhere In The Galaxy!

V7-tie"
MTTPtD/lWIAIWPORT17ifi.;COM

Complete Intruder
Alarm System
with PIR
PIR motion

Optical
Cable
Includes
Siren.

for CD players, DVD etc. Also
available with 0D-type plug at

sensor protects
your home or
office.
Magnetic
contacts for
doors /windows.
100dB siren.
Many features.

one
Both

end.
types

ONLY 83.99
Adapters
optical
splatters also available.
V.

Phone Line

Cords

Built -in ni -cad rechar eable
batteries.

UL listed.

WHOLE SET ONLY $24.93

Free energy from the
9V or

6ft.

/FM

radio with high

sensitivity.

ONLY $29.95

12ft,

25ft or 50ft.
13

Listen to Distant
Conversations

ft.

ONLY 80.49

Personal sound

amplifier

sun

has

powerful

microphone and twin

Gold- plated
6ft or 12ft

12V

Charge your mobile
phone, personal
stereo, toys etc.

AM

White or
silver -gray.

Solar Panel
includes
Battery Charger
Output 5V, 6V,

flashlight.

earpiece for
comfortable,

discreet listening

1

ONLY 81.49

ONLY $9.95

.At

ONLY SIAM

This device is not
suitable for persons with
e

hearing

Weatherproof
Krypton Lantern

Huge Range of

Electronic
Components

Visit our website and check out our huge range
of high quality, fully specified electronic
components at very low prices:

OResistorsfrom 9G per pack of 10.
OCerafnieCapacitors from 15G per pack
of 5.
OElcctrolytic Capacitors from 4C each.
*Noses from 99G per pack of 10.
ORelayseg 12V coil, 10A at 125VAC
#1.25.
OPotentiometers just 59G each

Huge Range of

Powerful spotlight.
Krypton beam.

ONLY 814.95

ONLY
$2.99
Diodes & Rectifiers
O1N4001
25G /pk

1N4007

to

10.

1N914/1N4148

25G

/pk

10-

8A Rectifiers 25G each
Bridge Rectifiers 1.5A
50V to 400V 25G each

Zener
to

Diodes 0.

24V 6G

5W

,

difficulties.

,

2.7V

each

Suppressor 130VAC 160 moon

Connectors

03/32 "Mo111oPlagPlastic

25g

Metal 49G
StcreoPhigPlastic 79G Metal 99G
1/8"MonoPittgPlastic 55G
Metal 49g.
StereoPhtgPlastic 49g Metal 59e
1/4" Motto Plug Plastic 49g.
Metal 75G
Sterco PittgPlastic 59g. Metal 69gBN('CrimpPltigRG56 or RG59 35g
ISNC Terminator Plug 1 /2W 59g
IiN(' Plug to RCA Socket Adapter 59C
It('.t Plug to BNC Socket Adapter 69g
F'PlugTwist /Crimp RG6 /RG59 19G
h' Plug Gold Crimp 25g. Twist 29g.
Instdated Crimp Terminals
-from 19G /pk 10.
Muge Rango of LEDs at Oroat Prisses.

Items shown here and or the website http://www.fort777.com are only available
from the website
No minimum order quantity- Prices are valid for one piece /pack Freight charged extra
*The address below is for returns and servicing:
FORT777.COM NORTH AMERICAN SERVICE AGENTS, FRONTIER ENGINEERING,
628 S. SUNET ST., LONGMONT, CO 80501 * email: sales @fort777.com

81

Visit Our

http:/
Website At
/ww ele
WELLER SOLDERING STATION -MODEL
Variable power control (5 to 40 watts)
Replaceable heating element
Quality light-weight pencil iron
LOWEST PRICE

HANDS -ON TELEPHONY, LAN,

$3695

FUNCTION GEN.
WITH INT /EXT FREQ. COUNTER

OSCILLOSCOPE
MODEL GOS -620

Digital Display
MODEL 8216
$19900
3 MHz,

- 20MHZ

(INCLUDES PROBES)

$29900

r4

$1295

SWITCHES
IDrd

-

AC/DC

PAD -234

il`'

5

With Cushion Grips and Return Spring
Diagonal
Wire
Needle Nose
Stripper
Cutter

DIGITAL/ANALOG TRAINER

$15000

3 -WIRE

-4=011IL= $V
HIGH QUALITY TOOLS

Frequency. Rubber Holster Included

Assembled

SOLDERING IRON
HIGH PERFORMANCE
#060501

Volt/Current, Res. Cap.,

Complete
portable
workstation.
Variable and
fixed power
supplies, function generator,
digital VO, rugged design,
high impact case.

50C ea.

Toggle SPOT

fi

Pliers

witce

$295

295

$150

DC POWER SUPPLIES
- DIGITAL DISPLAY

MODEL HY3003

Kt

$11O°0

Variable output,

0 -30 VDC,

MODEL HY3003 -3

-

0-3 Amp

4 i7/44.41,

In NJ: 732 -381 -8020
FAX: 732- 381 -1006

$8900

TRIPLE OUTPUT

Two 0 -30 VDC, 0 -3 Amp
variable outputs plus 5V 3A
fixed. Digital Display.

x19995'

37.95

...1,r

.,F

KIT

model features 3 binding posts

1/4W

and aluminum backplate.

film. 5 pieces

Part No.
MB102
MB102PLT

-9

10+

5.95
8.95

5.00
8.00

1

MOTION DETECTOR

$2

-10

ea.

LM555 to
LM741 io

For

74LSOO to Min.

7805 Regulator
2N3904 lo Min.
PN2222 lo Min.

PC Board

I.

PNP Blue 5 Sheet .... $9.90

Ja

PNP Wet 5 Sheet
PNP Blue 20 Sheet

°

Red LED T 11/4 to
Green LED T

13/4

to

Yellow LED T

12/e

to Min

Min.

7,`

100K

to tan
S1T

I PC

Mt

it

values. 365
pieces total.

28.95
L

29.95

;

MORE

ea.

Low -Priced

6Q ea.

Items In Our

ea.

FREE

ea
ea

256-Page Catalog

ea
ea.

ñ:JFA

P37-77',

L

i,'`Lil+,

800- 972-2225

Satellite Antenna Accessories

Replacement Batteries for
Camcorders, Cell Phones, Laptops, etc.

Splitters, Diplexers & Amplifiers,

Semi -Conductors, Transistors

Electronic Tools, Tool Kits
& Tool Cases

& Integrated Circuts

Soldering Equipment
Soldering & Desoldering
Stations

To get a free catalog,
visit us on the web at

Test Equipment

-800- 341 -5353

Power Supplies &
Power Invertors

www.suburban -elect.com
or call us at
1

Temperature
Controlled
Soldering Station
SEW -351 $69.95

Oscilloscopes,

Pro's Electronic
Tool Kit

OSCILLOSCOPE BLOW OUT
$899.00
$599.00
Goldstar #0S9020P 20 MHz $299.00
B &K #2190A 100 MHz
B &K #2160A 60 MHz

Includes
Tools & Case
SEW-900 $189.95

TEST EQUIPMENT
B &K #5390 True RMS Hand -held Digital Multi-meter
SRV -5 5 -Amp Isolated Variable Transformer 0 -130V
82

.3<,

http: //www.elexp.com
email: electron @elexp.com

CIRCLE 205 ON FREE INFORMATION CARD

Large Selection of Batteries

$395

FREE CATALOG

6C ea.

60
70
80
65C
150

Min.

..

5%

each of 73

9.90

PNP Wet 20 Sheet

300

Min

10

Transfer Film

t

22C ea.
27C ea.
180 ea.

Min.

Pot,1

.1

$15

Min.

Photo Cell

$21500

..

RESISTOR

PRESS -N -PEEL

sI',
Maiir?
365 Blair Road Avenel, NJ 07001 -2293

w

-100

MODEL TC

119.95

830 tie points. MB102PLT

SWITCHABLE X1, X10

31/2 Digit
32 Ranges
MODEL MY-64
$2795

?_

0n/y

$199.95

SOLDERLESS BREADBOARD

SET OF 10

DIGITAL MULTIMETER

26.95``

T-Comm Trainer (TCM -100)
Lab Manual / Work Book
Component and Supplies Kit
Tool Kit

;'

ALLIGATOR LEADS $2.10

SCOPE PROBE 6o MHZ

CAN EXPERIENCE

WITH ONE SELF- CONTAINED UNIT

InsTEK

20MHZ

ifs-TEK

Dual Channel

RSR-w-TELECOMMUNICATIONS TRAINER

WLC 100

$149.00

$99.95

AMAZING

See Our

\e.

DEVICES

www.amazing1.com
Experiment with and Construct Lasers, Phasers, Hypnosis, Mind
Control, TESLA COILS, Time Travel, Rail Guns, Magnetic Cannons,
Coil and Sleeve Guns, Super High Gravity Pulses, Explode Wires
and Water, Antigravity, Levitation, Mass Warping, Magnetic Can
Crushing, Plasma Propulsion. High Energy Radio Frequency Guns
(Herf), EMP, Lattice Snapping, Force Fields, Ion Ray Guns and all
Types of Electrical Pyrotechnics, Plasma and Neon Displays, Soun.
Blasters, Ultrasonics, Super Hearing, Long Range Transmitters,
Jammers, Personal and Property Protection, Surveilance Plus More

Laser Window Bounce Listening System

-

Powerful listening system, yet simple in operation. 4
You shine a LASER at a window and intercept the
reflected beam with our ultra -sensitive filtered OPTICAL,'" # i
RECEIVER. Vibrations on the window from internal
sounds and voices are now clearly heard. Range can
be up to several hundred meters depending on the
output power of the laser and optics used.
LWB9 Plans and all Data for 3 Laser Window Bounce Systems
LWB6K Kit of Complete 100' System with Visible Laser for Demo /Science Project

$20.00
$129.95

Ultra Bright Green Laser visible over a mild!!

LLR30 Optical RECEIVER with voice filter
$69.95
$99.95 LLR3K Kit of Optical Receiver
$199.95
LLR40 Higher performance with low noise preamp, basic optics and delux headsets
CWL10 10 mw ClasslltB Invisible IR LASER for 500'....$199.95 CWL1 K Kit of LASER $149.95
$19.95
LM650P5 5 mw ClassIllA Visible Red Laser Module for up to 100'
$69.95
LM650P10 10 mw ClassIllB Visible Red Laser Module for up to 200'
L

Gravity Motor
Electrical charge reactions
produce the effect of "anti
gravity. You build a model
craft from simple
parts and levitate it
with our ion power
source. Battery or
115vac operation. Gre_
earrdh project
science or fascinating
includes our gravity handbook.

GRA3 Plans/Book
GRA3K Power Source Kit
GRA30 Assembled Above

$20.00
$99.95
$149.95

14*6 CONTROL Using

Electronic Hypnosi

Tesla Coil

HYP2 Plans
HYP2K Kit/Plans
HYP20 Ready to Use

$10.00

$49.9"
$69.9

MIND2 Plans for Mind Control 515.00
MIND2K Kit/Plans
$49.95
MIND20 Ready to Use
$79.9

\

Theramagnetic Pulseen

f

Complex Magnetic waves
are claimed to produce man
health benefits. Board level
experimental device is solIor
research purposes only.

THMAGIO Lab Assembled.... $24.95

2

3
4

BTC4 Plans $20.00
BTC4K kit....$799.95¡
BTC40 Ready to use
$999.95
Smaller Version (8 -10" Sparks)
BTC3 Plans 515.00 BTC3K Ká.5349.95
BTC30 Ready to Use
$449.95

Star Wars Technology Demonstrates Weapons
Potential, Force Fields, lonMotors, Antigravity etc.

IOG7 /9 Plans
IOG7K Kit/Plans

Pain Field Pistol

CYBEREAR

$8.00
$49.95
$79.95

PPP1K Kit/Plans
PPP10 Ready to Use

"Amazing Gravitron

-

$19.95

Lights up a 4' fluorescent
tube -all without any
contact!! Yet only 3" tall!
MTC1K Kit/Plans

`MTC10 Assembled

Anti Gravity Top
Super Levitator

$34.95

Telephone Line Grabber
Room Listener
Controller and
Call Diverter

advance in transportation. Cutting edge R &D

TCL5 Plans..$8.00 TCL5K Kit/Plans..$59.95

1

$10.00
$129.95
$169.95

Attention!

$99.95

High Voltage Modules

Battery powered for hovercraft, plasma

guns, anti gravity,
MIMIMAX44KV
MINIMAX33KV
MINIMAX22KV

force fields, pyrotech
$19.95
$17.96
514.95

Video/Audio Rebroadcaster

1

Mi.

111111
$49.95
$10.00

Shock Force Field Vehicle
Object Electrifier
$19.95

Mind&Brain Controllers
Boost mental powers, Controls stress,
Speeds up healing
processes and Uncover
hidden potentials.
High quality
unit with
many
features.

of heat,

$199.95
$299.95
$249.95

Sees in total darkness
35000x Light Gain
Over 100 yds Recognition
Built in IR Illuminator
20 degree Field of View
20 Hours Battery Life
Spectral Response 810 -840 nm.
Ready to Use

Burning Cutting Lasers

Ir

Current and Future Weapons Syste

We Stock Parts!
LC3 Plans Poor Mans CO, System

$239.95

Jacobs Ladder
Pyrotechnical traveling fiery
plasma expands over 3"
before evaporating into space.
Solid state circuitry with
adjustable arc control. 115/
230 volt operation. Uses safe
high frequency energy.

$20.00
LAGUN2 Plans Nd,Yag, Ruby 6Kw....$20.00
All Three Plans for only
$25.0011

A[.4014 Ftii2E SßßEQ

r3 Mi FM Voice Transmitter

Many

LFMV1K Parts and plans

Replaceable Blades, Overide Swi
Interactive Sound Module
Available on Request

Specify Color:
photon blue, starfire red
phaser green, neon red
SAB15K

-

Kit 15' Display

SAB24K

-

Kit

$39.95 SAB36K

-Kit

$29.95 +$5.00 s&h

24 Display $59.95 +$5.00 s &h
36 Display..$129.95 +815.00 s &h

Information Unlimited PO Box 716 Amherst N.H. U.S.A. 03031
Information 1 603 673 4730 Free Catalog on Request
1 603 672 5406
Add $5.00 S &H plus $5.00 if COD. Overseas Contact for Proforma

Fax
800 221 1705 Orders /Catalogs Only!
Pay by MC,VISA,Cash, Check, MO, COD.

CIRCLE 225 ON FREE INFORMATION CARD

$15.00

LC7 Plans Lab CO, System 30W.

Patented Moving Light Concept Defies all Logic
as It Appears to Evaporate into Space!'
Duplicate the STAR WARS eCe

JACK1 Plans
$8.00
JACKIK Supply, Mtg Blks, Ladders..$149.95
..
JACK10 Ready to Use
$249.95

Crystal clear performance.
applications. Easy to assemble

BWPLUS- APOLLO Ready to use..$189.95
BWII- EINSTEIN Lower cost unit...$129.95
L

$25.00

Amazing and bizarre
effects turn a normal light
bulb into a spectacular
plasma display!! With
adjustable frequency
control. Safe 12vdc input

j

Tracking/Homing Beacon Beeping
Transmitter

Incredible device Turbo charges memory,

boutput!!

''...a
illumination source for
night vision, laser window bounc
IR driver for ultra- bright green lasers.

-

Never Needs Batteries!!

SHKIK Kit/plan

Watts of

Use for directed bea

NSTAR10

TCL50 Assembled and Tested

Listen to your premises. Break in to calls
Control household appliances. Remote
dial long distance calls -from anywhere!!

TELCON4 Plans
TELCON4K Kit/Plans
TELCON40 Ready to Us

$39.9!
$49.91

Transistorized TESLA Coil
ái9.95

2

wpm

Mae. Telephone Transmitter.

Line Powered Phone Transmitter

Hand shock balls,wands. Mini circuit is easily
hidden. Great payback for those wise guys.

i

Nightstar Night Viewer

HOVER Plans and Data

Mini TESLA Coil

10mw to

continous

CWL5K Kit/Plans minus diode
CWL50 Assmbld minus diode
LD34 CW 3/4 W 980nm diode

Remarkable true
without any tethering
or external sources
of energy. Winning
science project.
Includes self starter
-

Pr

Semi -Cond Burning Lasers

Rental units available.

GRV10
GRV30

$129.95
$199.95

10G90 Assembled/Tested

1

COMBOX Parts Above 6 Projects
COMBOP Plans Above 6 Projects

Higher Powered Device
I0G9K Kit/Plans

PPP1 Plans

,

$149.95

L

Mile.

Includes Hints Using Wireless Devices

$10.00
$99.95

!0G70 Assembled/Tested

1

Radio Disrupter. Neat Prank!
Required

Conduct many weird and bizarre experiments.
Handheld battery operated and easy to operate.

6

Voice Transmitter.

sTV/FM
Discretion

Projects electric shocks without contact!!

Caution! Do not aim at people!

Handheld and battery
operated with all controls.

5

x

Xmtr Projects!

Super Sensitive Ultra ctear

1

Create a spectacular
display of nature own
lightning. Many
amazing experiments
possible. See in action,
on our web site!!

28 pages of data related
to the most revolutionary

Provides that "extra edge" f
many listening applications.
Enhances 3 to 4x of normal

6 Easy FM

Star Wars Technology Directs Energy

Hover Board

Cybernetic Ear!

30 to 50x brighter than the red pointers. Shirt pocket sized pen .55'
Full 5mw. Operates for hours from two "AAA" batteries.
Call for pricing as we will not be undersold/11111I111

Ion Ray Guns

Produces 30" Sparks

Blast out rodents with
high power ultrasonics.

Electronic circuitry induces hypnotic awe!! as ALPHA relaxed mind states.
Place subjects under your control

"Action" Web Site at

83

C&

CALL TOLL FREE

(800) 292 -7711
Orders Only

a es

D/A Trainer

Soldering Stations

Elenco Model XK -150

Weller Low Cost Soldering Iron

Q([]

variable pews,
control produces
5<0 watts.

-

`r
///yyyj

i

+;

.

--. -

Complete with
40W iron.

f

-._

95r

$2 9

Works w/ any
iron! Turn anyy
soldering iron
into a variable

Divers and
students.
fists,

.

-

Weller Soldering Station

log trainer that meets the needs of

controlled
power designed for
continuous
uous
production
soldering.

training9

electronic

programs.
P
9

Rugged construction, can be used
as fixed lab equipment or be
portable.
An economical zipper
case is available.

¡

unded Tip for
g Static sensi a Devices.
Easil
eplacable. Uses
Lon
rte. Plated

Cori

ITip.
Steel, Non -Slip

He

Ordering Information:
wm.l st°
out SL-61(;

wee

at,.

$

tKrcs,axaul

Izwdesowuleon.

$36.95

-

-.

Agger Funnel td}en or right

Evers!

35 95

game. 40w tic km

-

(1(1151.-61,40)

8

,....E,

'29.95

No

Handle

g Iron (optional)

Sold
with
Sold

-

iron.

5119

50 watts of

.

.,`_,

Model WES50
A low cost, full- function digital/ana-

Features:
Cusl*n Grip

As Low As

Ideal for hobby-

o
--

Elenco SL -5 Series
Electronically controlled, ideal for prolessionals,
students,
hobbyists.
and
Available in kit form or assembled.

$34.95

.95

....... i

Deluxe Electronic Soldering Station

Model WLC-100

$o

www.cs- sales.com

Excellence in Service

Se Habla Español

AMR

Look For Other
Monthly Specials
On Our Website

.side

b

SStteeel

Limited Time Otter
FREE SF-1A Solder Practice Kd w/Krt Order,

Tray`for Sponge

Sponge Pad.

Generators & Counters
B &K 20MHz Sweep /Function

with Frequency Counter

Generator

$445

0.2Hz to 20MHz
AM 8 FM modulation

III(bees

External Frequency counter to 30MHz

4)
440411

Linear and Log sweep

21,5MHz Model 4070
10MHz Model 4017
SMHz Model 4011

$1295
$319
$249

r'F~k.ys....

.,

a --00 -'a

r

--

-

--

Elenco Sweep Function Generator

Features internal
mod. of
RF output 100MV - 35MHz. Audio
output IkHz @ 1V RMS.

_

TRH

dr;,`

`
'

+

$225
SG -9000

i

$119.95

lanalog. w/o counter)

-

_

1
_

_

____

GF -8025

-

Without Counter

Model RCC -7K

Model AK -700

Radio Control Car Kit

Pulse/Tone
Telephone Kit

Fun & Easy to Assemble
7 Functions

Radio Control Transmitter

$29

r

J

$o

+^

1

Also available as Model
AK -870 (No Soldering) $24.95

Model AM 780K
95

'

Also available:
Model AM/FM -108K
AM /FM Radio Kit

$29.95

Guaranteed Lowest Prices
UPS SHIPPING: 48 STATES 5 °ó
OTHERS CALL FOR DETAILS
IL Residents add 8.25 °° Sales Tax

84

-_.

,

r

5
J

95

7

-

`
- --"

95

C-2eo0 Case

with Belt Clip

$14.95

`

Model MX-902
Illustrated

lab -style

Manual

Requires
Fula your oxn operating motor -Its easy,

cße81

School

Fo

we!

,For Agee to and

nut.

$24 95

up.

300 -in -1
Experiment Kit
Model MX-908
N%,

Teaches the basic robotic
sensing and locomotion principies while testing motor skills.

,$

Includes antenna. NiCed battery,
and AC adapter.

$139.95

Easy to -read
Included

Robotic Arm
(Wired Control)
E

Features 10 digit display, 16 segmorn and RF 'gnat siren
bargraph

Sale Solderless, Educational, and Funl

V/

4ÿ +4

Model OWI -007

=

rT

Action Lab Kit

Project

Two IC Radio Kit

99

Quantity Discounts Available

over 100 kits available

,

I

95

This sweep function generator with counter is an
instrument capable of generating square, triangle,
and sine waveforms, and TTL, CMOS pulse over a
frequency range from 0.2Hz to 2MHz.

Kit Corner
95

$195

Model GF -8046

MHz - 2.8GHz
Model F -2800

1

s

"

;

cx

w/ built -in frequency counter
f.,,
_ w '.;

Model SG -9500

150kHz)

.

t

BK PRECISION
Elenco RF Generator with Counter
(100kHz

"E' "#

;.4

1

One instrument with tour test and measuring
systems:
1.3GHz Frequency Counter
2MHz Sweep Function Generator
Digital Multimeter
Digital Triple Power Supply - 0 -3V @ 2A, 5V
® 2A, 15V @ 1A

-

-

Elenco Handheld
Universal Counter

$450

Features:

_

uaoloo ,,.

.

Burst Operation

Four Functions in One
Elenco Model MX -9300B

Model 4040

0

55
N
C &S SALES, INC.
150 W. CARPENTER AVENUE
WHEELING, IL 60090
FAX: 847 541- 9904 847 541 -0710
CIRCLE 290 ON FREE INFORMATION CARD

95

Everything you need to build 300
exciting electronic projects!

0

$54

Easy -to -read. Illustrated, Lab -Style

Manuallncluded.

Ri'AA"
Requires 6

¡'s3e2r},`
...

`

Batteries
i

For Ages 10 and up.

15 DAY MONEY BACK GUARANTEE
2

.11,m', _,..

YEAR FACTORY WARRANTY

SAME DAY
SHIPPING

Sales

Secure on -line
ordering

64 PAGE CATALOG!

(800) 445 -3201

Fluke

$319

1111111191111911

3'4 dlgx LCD

Capacitance to 400pF
Inductance to 40H
Rewtence to 4000Mí1

Mesb

(9 functions)

$19.95

$99.95

1B

29µF
Inductance 1pH to 20v

Diode Test

- 200
Frequency up to

Training
Course

15MHz

M -10006
(Assembled)

Diode/Audible
ContMUiry Tear
Signal Output Function
3

Digit LCD

Transistor Test

DC 001%0

High Accuracy

Ranges

3 1/2

Restelans 0111 to
2000Mn
Temperetureto 750C

Many features
with O factor

-

$19.95

Elenco DMM Kit
Model M -1005K

Elenco LCR Meter
Model LCR -1810

range

ä 1244 sisa teen

Model M -2760

Logic Test
Drode & Transistor Test
Audible Conenuiy Test

Auto /manual

Funcione

Freq. to 20MHz
Cap. to 20µF
AC/DC Voltage
AC/DC Current
Beeper
Diode Test
Transistor Test

Capedtame 1pF to

$695
$850
$950

$15.95

12 Dgl Display

CCTV Cameras

B &K Testers
Deluxe Multi- Network Cable Tester
Model 231

$75

1-, 3

11

Autoranging frequency
to 4M1-1z

w/ Stat Functions
B &K Model 878

$325
$439
$475
$569
$725
$895

DIGITAL SCOPE SUPER SPECIALS
20MHz/10Ms/s Analog/Digital
40MHz/20Ms/s Analog/Digital
60MHz/20Ms/s Analog/Digital

Large

M -1740

$34.95

$69

Dual- Display LCR Meter

Dual Trace
Delayed Sweep
Dual Trace
Delayed Sweep
Delayed Sweep
Delayed Sweep

Elenco Model

Elenco LCR & DMM
Model LCM -1950

87111

Features high
performance
AC/DC voltage
and current
measurement,
frequency, duty
cycle, resistance, conductance, and
capacitance
measurement.

DS-203
DS-303
DS-603

FREE

Digital Multimeters

Free Dust Cover and 2 Probes

25MHz
25MHz
40MHz
40MHz
60MHz
100MHz

FOR OUR

Excellence in Service

Elenco Oscilloscopes

S-1325
S-1330
S-1340
S-1345
S-1360
S-1390

CALL OR WRITE

Cameras have 420 lines (360 color) of resolution, 0.08 Lux, 3.6mm/F2 90° field of view.
Power requirement is 12VDC @ 100mA (order SC -1).

1

COLOR CAMERAS

MONOCHROME CAMERAS

Tests 10BaseT, 100BaseTx, 10Bese2, RJ45, RJ11,
356A, TIA -568A, TIA -568B, and Token Ring cables.
Detects open, short, cross, and continuity.
Tests Point -to-Point, rather than Pair- to-Pair
Quick and easy -to-use.
Tests cables on wall plate or patch penal up to 1,000 b.
away with the remote kit.

LICEMISIBEElet-

Easy -to-read LED display.

Multi- Network Cable Tester
Model 230

SC-12

-

35mm Lens (1.25"x1.25 ")

'69

SC -15

-

Pin Lens (1.25 "x1.25 ")

69

$69

'109

Accessories:
SC -1

-

SC -2 - 50' cable with connectors

Detects miswiring, polarization, and continuity.

Add $10 for case

56.°S

12V 100mA adapter

Call for complete catalog.

$1995

Power Supplies

Also tests the ground of shielded twisted pair
cables.

Elenco Power Supply Kit Model XP -720K

Elenco Quad Power Supply Model XP -581

Tests cables before or aller installation with the
remote und.
LED display for clear Indication of problems.

1.5VDC - 15VDC 0 1A
-- 1.5VDC - -15VDC
5VDC 0 3A
6.3VAC ® 1A & 12.6VAC
center tapped 01A

$79.95

Remote Network Cable Tester
Model 235

4

$195

Fully Regulated DC Power Supplies In 1 Unit
fixed - +5V O 3A, +12V 0 1A, -12V 0 A
Variable - 2.5 - 20V 0 2A
B &K High Current DC Power Supply

4 DC voltages: 3

Clear LED display for the fault status.

Venable 3 -t4VDC

Simple and easy -to-use.
-

4 ft.

Thermal Function

(1.2m)

Current Limiting

$85

Guaranteed Lowest Prices
48 STATES

DC Power Supplies
Model 1680 BA .........................642
Medal 1882 15A ........................ $75

C &S SALES, INC.

5 "<,

OTHERS CALL FOR DETAILS
IL Residents add 8.25 °° Sales Tax

SEE US ON THE WEB

150 W. CARPENTER AVENUE

FAX

$79.95

$169
Model 1688 28A

eue 13.131/ Fond

10BaseT, 100BaseTx, 10Baee2 (coax), RJ45,
356A, TIA -568A, TIA -5688, Token Ring, etc.

Teste:

Elenco DC Power Supply
Model SPL -603 3A 0.30VDC

Model 1686 12A

$249

Identify up to 4 different cables at one end by provided remote identifiers.

$54.95

XP -720 Fully Assembled

1

1

Detects open, short, reversed. crossed, and split.

UPS SHIPPING.

Infrared Sensitive, Audio Included

Add $10 for lens Add $10 for audio

Auto scans- thin Ethernet (BNC), 10BaseT
(UTP /sTP), 100BaseTx, RJ45. 356A, TIA -568A,
TIA -568B, and Token Ring cables in seconds.

Test cable length: Minimum
Maximum - 492 ft. (150m).

SC -20 Pin Lens
SC -21 3.6mm Lens
360 Lines 1.25" x 1.25"

The SPL -603 is a solid -state
DC power supply providing the
exact output voltage no matter
what current you use. Output
fully protected from overload.

15 DAY MONEY BACK GUARANTEE
2

YEAR FACTORY WARRANTY

WHEELING. IL 60090
(847) 541 -9904 (847) 541 -0710

www.cs- sales -coon
CIRCLE 290 ON FREE INFORMATION CARD
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World's Smallest
68HC11
Microcontroller
Module!

MicpoStampl1TM
telemetry
microrobotics
smart toys
animatronics
model railroading
home automation

Windows -based development
software included free!

PRICES!

spgE!

Module, accessories.

Optional ImageCraft 68HC11 C cross-complier for
W3.119x available (# ICCIIWIN)
$153

1111

CABLE TV
DESCRAMBLERS

EPIC Pocket PlC micro
Programmer - $59.95

CONVERTERS FILTERS
VIDEO STABILIZERS

Rm
FREE
AM

>
>
>

10000 MONEY

Program PlCmicros in BASIC!
PicBasic Compiler - $99.95
PicBasic Pro Compiler - $249.95

30 Day Trial

Product Catalog
1 Year Warranty

BACK GUARANTEE

PICProto Boards make
prototyping with PlCmicros
easy - $8.95 to $19.95

mirroC
®

nyrnee>ing-

1

O

® http: /

M.e...,

Let us point you in
the right direction

/www.melabs.com

Practical PIC
Microcontroller Projects

...

rrow

PrEn;t;cel PIC

Technologies

hgiaocort,troller

Omaha, Nebraska

T O L L

888 -554 -ARROW
888 -554 -2776

-.i up

Grantham College ofEngineering
offers 3 distance education programs:

: : :: : :: : ..

tiny 2 -inch x 2 -inch 68HC11 module
12 inputs /outputs plus 8 analog inputs
RS232, 5V regulator, 8MHz crystal
32K SRAM plus 8K or 32K EEPROM
plugs into your breadboard like a DIP
easy program loading from any PC
motor driver & accessories available
ideal for MicroMouse robot competitions
8K Starter Package #MC11SP8K
$68
32K Starter Package #MC11SP32K
$93
Motor driver boards, LCD/keypad /keyboard

interface & prototyping cards available

Technological
Apts

Many other modules & accessories available.

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

tester, digital dice, digital lodes,

ty

045 and

)6

Musk hall Mlfrl

roen,-.

sales@technologicalarts.com

TOLL -FREE: 1- 877 -963 -8996
Phone: (416) 963 -8996
Fax: (416) 963 -9179
Visa MasterCard Discover - Amex

nue nee corm

a stereo audio level meter, and

MIDI pedals for use with electronic music systems. In most
cases the circuits are very simple and they are easily con-

structed. Full component lists
and software listings are provided. For more information
about PICs we suggest you take a look at BP394 -- An
Introduction to PIC Microcontrollers.
To
order Book #BP444 send $7.99 plus $3.00 for
dripping in the U.S. and Canada only to Electronics Technology
Today Inc., P.O. Box 240, Massapequa Park, NY 11762 -0240.

Payment in U.S. funds by U.S. bank check or International Money

Order. Please allow 6-8 weeks for delivery.

ET10

An Introduction

to Light in Electronics
An Introduction to

Light in
Electronics

Ext. 15

http: //www.grantham.edu

Taken for granted by
us all perhaps, yet this
book could not be read
without it, light plays
such an impressive role
in daily life that we may
be tempted to consider

just

how much we
understand it. This book
makes a good start into
this fascinating and
enlightening subject. It
has been written with
the general electronics
enthusiast in mind.

GCE
Yourfirst step
to help yourself

better your future!

Visit our website at:

www.technologicalarts.com

This book covers a wide
range of PIC based projects,
including such things as digitally controlled power supplies,
transistor checkers, a simple
capacitance meter, reaction

F R E E

by studying at Home

1111111111111

(5nc.

Box 7532 Colorado Springs CO 80933
(719) 520-5323 fax(719) 520 -1867

Accredited B.S. Degree in
Computers or Electronics

.M

86

$49 95 to $199.95

Te,t..ufór..t

.._,

...........

New! PIC-XI
Experimenter/
Lab Board

tiny, light-weight (0.5 oz.) 1 -inch x
1.4 -inch 68HC11 module
5V regulator, 8MHz crystal
choice of 8K or 32K EEPROM
optional 32K RAM (32K EEPROM version)
plugs into your breadboard like a DIP
SCI, SPI, OCs, ICs, timers, & more
all 14 I/O lines and 2 interrupts brought
out to versatile 20 -pin connector
program in BASIC, assembler, or C
easy code-loading with Docking Module
Starter Packages:*
8K EEPROM ( #MS11SP8K)
$49
32K EEPROM ( #MS11SP32K)
$72
32K EE +32K RAM ( #MS11SP64K) $90
includes MlcroStampll, manual, PC software ((feeware assembler, SBASIC compiler, Smartloadll
utility, and sample programs), serial cable, Docking

Low Cost PlCmicro Tools

Unbeatable

order Book #BP359 send $6.99 plus $3.00 for
in the U.S. and Canada only to Electronics
Technology Today Inc., P.O. Box 240, Massapequa Park, NY
To

Grantham College ofEngineering
34641 Grantham College Road
Slidell, LA 70460-6815

shipping

11762 -0240. Payment in U.S. funds by U.S. bank check or
International Money Order. Please allow 6-8 weeks for delivery.

E708

Competitive Analysis

Mixed -Mode Circuit Design
E D..

Er.

ta.aP.M lSa.asw G.+.m-.
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A/D 2000

$399

X

X

DC Parameter Sweep

X

X

Sui <n

.1aß

r.a..Pry

M l

Dig TA 3.0d-timing diagram
aso
3D0
aso
141
no

10n0OÌ

"QS

43

X

..

X

X

founer

X

X

Parameterized transient

X

AC Analysis (freq sweep)

X

Se,'.

X

Parameterized AC

Iow_pass gd.cld -Smell Signal AC -0

X

Transfer functio

X

DC Sensitivity

X

X

Distortion

X

X

No

X

X

DC Op. Pt. Monte Carlo

X

Iso

DC' Sweep Monte Carlo

...,.

.a.

X

r

AC Monte Carlo
..

X

Transient Monte Carlo

.-..

Interactive, free funning
digital logic simulation.

Build complex circuits in minutes with our intuitive schematic editor.

_

_.

Visit our web site for a
free trial.

Turn any circuit into a functional part with just a few simple clicks.

Interpret simulation results with customizable graphs.
Find exactly the part you need from our database of 4500 parts.

$99 Lite Version

Run an interactive Digital Simulation and view signals in the Timing Diagram

Beige Bag Software

X

Pole Zero

.000 KIN

-0

Personal

DC Operating point

T!.1

[

Multisim

$299

PRICE

Tempel Auto

31

BtSptce

Characteristics

\I41AIa1J
.... .a.a

734.332.0487

www.beigebag.com

info@beigebag.com

CIRCLE 319 ON FREE INFORMATION CARD

NewEá.r°The
Science& Robotic Kits
Millennium
*

Awards include:

BEAMSTER/TURBO

As the 21st century commences, we launch our 21st

year of providing award-winning, educational, electronic
kits on Beginner, Intermediate and Advanced levels.

Beginner

All distinctive innovative and hands-on experiences for

OWI-209K
$19.95

enthusiasts. The future

is

at robotikitsdirect.com.

SUMORO'BOT
Multi ítmction al;

Air, motu.
drive or
solar

OWI-6567
$19.95

Halogen
light head or
90

Beginner

prupcllcd (sold separately)

.peolster.

fluorescent lamp.

Retreats

OWI-9647

KNIGHT IN coloAn
1CNN0(oCY

$4
$49.95

Beginner

or
attacks.
Sensor
system &

infrared beam to detect
opponents
Air,

motor

OWI-6577
$19.95

ROBOT! Ki TSm
DIRECT

AM1;RA

Phone:

E

-mail:

(310) 515.6800
(310) 515 -0927

®.

(sold

separately) with principles

of electricity.

Principle*

OWI-215K
$24.95

Toll Free: (877) 515-6651

robotikitsdirect @pacbell.net

I

drive or
solar
propelled

17141 Kingsview Ave. Suite B, Carson, CA 90746 USA
Fax:

D

BEST VACATION
Children's Products

Order M
Web: www.robotikitsdirect.com

8a.m.

-

-

F:

4p.m. PST

lftil ióß°

¡t
Mennen

TOYS

of radio
wave

..

technology.
Tuner & volume control.

...

.

Easy assembly.

GOOD DESIGN AWARD

9_

*n

MN

líß
gTtHGt

87

FABULOUS LINEAR SLIDE from Star Linear Systems,

Ultra precision and high load capability, roller bearing slide with lead screw.

V
V
VV

These are BRAND NEW and built for accuracy
and strength. Each beautifully machined unit
weighs in at a hefty 3.5 pounds. The travel is up
to 3.4 inches. The dual Tychoway type
roller
ways are six inches long and mounted on the
2.6-Fix 0.8H x 10.3"L solid, machined aluminum
base. The massive 3'L x 2.25'W x 1.1'H carriage

block is mounted to dual, low profile,
roller bearing carriages. Each
measuring approximately. 0.75'W x
2.8'1 x 0.3"H. The carriage os
motivated with a precision 10TPI x 0.3'
diam. lead screw. Each end of which
is ball bearing mounted and pre
loaded for a completely zero
backlash, zero play system. The end plate is pre drilled for a standard size 23 motor. The lead screw drive
end is reduced to o.185' diameter. The overall finish is superb and protected with clear anodizing. linear
accy is 0.0001' per inch off travel. max. Bi directional repeatability is 0.0004' per inch. Vertical and
horizontal straightness is 0.0004' This is one of the best looking and performing units we have seen in a
long time. limited quantity available.
STAR106
$99ea.

A VERY COOL COLOR CAMERA, "The ROVING EYE CAM" with Ultra Compact
AIN and TILT, AUTO IRIS and AUTO FOCUS to boot!
Another super quality color conference camera designed as part
of a high end system from PictureTel. The unit consists of a
camera head attached to a base PC board. The attachment is
via o moveable mount. There are two tiny stepper drives which
create the pan and tilt motion. The tilt stepper is mounted to the
PC board.The pan stepper is unmounted and attaches to the side
on your base or enclosure. We assume the camera is
controllable via serial commands however we have no info on
how to do it. Anyone who can tell us can have some free
cameras. Specs: 400 lines ® flux, pwr required is 12VDC
500mA. size of head is 5.5' diam. x 3.2'H, The attached PCB is
3W' x 4L" x 1.3'H. Oh, and did we mention it's auto focus and auto
iris too? Composite video output. We think it has S video also Check our web site for further details as they
become available Order now, the price goes up when we get the serial commands. Removed and tested.

SPECIAL MAY PRICE MINI -R2D2 CAM

SECURE

$149ea. or

2

/$289, or 5/$499

d
1

I

P

tI

DIS OVE , CdD, O14 LINE
800- 10-40 TEC
603 -6i8 -24991
FAX;' 603- 4-78 5 E- AIL s les@etesunit'.com
,B00 BEDrORD StREET , MANO ESTER,i1INH 03141

'VISA/ MC, AME
ORD

R:

NEW! LCD COLOR, TFT, ACTIVE MATRIX DISPLAY,
Super 5.6" VIEWABLE AREA. Pro System w /Custom Case, 12V
gel cell battery, A/V cables & charger. Finally exceptional quality &
affordable LCD monitor. Perfect general purpose color /B &W monitor.
compatible with all cameras, camcorders, VCR's

NTSC. Fully

etc. Use as a rear view system with any video
camera with its built in, mirror image function.

Completely enclosed unit. Adj.color, contrast, brightness & volume. Internal stereo speakers! Std. 1/4 x
20 Tripod socket & a tilt down stand for table top.
Inputs: audio IL &RI & video on std. 1/8" mini jacks.
External 12VDC0600mA on std. barrel connector.
5.6 TFT active matrix LCD. 76.8K Pixels, CCFL backlight, 270cd /m Lumin., 500mW audio out on std. 1/8" jack. 50mV min. std. line level
audio in. Size 6.4'W x 5.25"H x 2.2D' New, first quality. Pro accessory kit includes.
Luggage quality, custom padded cose with dual removable strops for shoulder
and /or holding at waist level for, hands free viewing. Built into the case is a 12V Gel
Cell, rechargeable battery & o complete set of A/V cables. Incl. AC pwr adapter &
battery charger. GM- TFT56,...$299ea. PRO KIT; GM- ACCYTFT...$45

ON-LINE ORDERING, W WW. R E S U N LT D 4 U. C O M
CIRCLE 246 ON FREE INFORMATION CARD

The Pocket Pro rammer

Only $129.95

,,1,4,ts1v ?7 .!j

nstrum

S

S

xi

Digital Panel Meters!!

-,--

PIN-,r
= _
^1,
-_
PIN

INTRONICS,
INC.

.........

31/2 digits 41/2 digits
loop powered adjustable voltage input
bezel mount surface mount
LEDs

LCDs

miniatures big digits

red
amber green
black

positive backlighting
RF resistant EMI

resistant

displayed engineering
units snap-in

1-800-

356 -4920
Visit our catalog on -line

knsinstruments.com
Or call

821

Fax:

800/356-4920
800/356 -1250

free:

w

and shrink tuba I.b.Iina
.y.t.m. and .uppii..1

,1

-

THE POCKET PROGRAMMER

negative backlighting

88

22 PIN
28

603/627 -5144
PO Box 10158

Fax 603/624 -4710
Bedford, NH 03110-015e

MaSterCára

The portable programmer that uses
the printer port of your PC instead of
a internal card. Easy to use
software that programs Eprom,
EEprom, Flash & Dallas Ram. 27(C)
/ 28(C) / 28F / 29F / 29C & 25XX
series from 16K to 8 Megabit with a
32 pin socket. Adapters available for
Pic, PLCC, 5 -Gang, 874X, 875X
MCU's, 40 -Pin X 16 & Serial
Eprom's, 82/74 Prom's and Eprom
Emulator to 32K X 8.
Same Name, Address & Phone #
for 16 Years... Isn't it Amazing T

Intronics, Inc.
Box 13723 / 612 Newton St.

Edwardsville, KS 66113 Add $5.00 COD
Tel. 1913) 422 -2094 Add $4.00 Shipping
Fax (913) 441 -1623 Visa I Master Charge

ELECTRONICS

ATRSS
& MORE

"The Sound Bridge"
FM Stereo
Wireless
Transmitter
The Sound Bridge
is a mini FM wireless transmitter
that can be used
to broadcast stereo sound from
any audio source
like portable CD
players, TVs,

current
catalog._
page
Ve o
order giveus to your
° we wit( se aone
ca//
out to you
immediately.
284
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games, CDROM, even computer soundcards, to your
home stereo receiver! Simply plug the unit's
audio connector (includes 3.5mm mini stereo
plug and standard 1/4 "stereo plug) into the
headphone or audio output jack of the device
you want to broadcast, tune your stereo receiver to 90 MHz (can be adjusted from 89 to
95.5 MHz), and stereo sound is now being
broadcast over your sound system with excellent sound quality. Requires two "AAA" batteries, not included. Limited availability.

$149E CH

#249 -220

201 PanaVise Jr.

r

kor CO..

n

Round Coaxial System

6 -1/2"

electronic

Designed for the home
and office, these 61/2" round in -walls
are ideal for ceiling
installations, or for
use as rear channel
surround speakers.
$69950-3

$6275(4PRS

-UP)

D25 Multimedia Speaker System

woofer and 1"
textile dome tweeter
were specially
designed with home
theatre in mind.

$89(1-3

PRS)

$7950(4

PRS -UP)

Sound King OFC
Speaker Wire

and mute con-

trols. Headphone
jack and heavy

Super flex, 100 feet, 12
guage, extra soft 60 °C clear
PVC insulation. Oxygen
free, bare copper rope lay
CompareTo $29.95

$995
EACH

Single chip 1/3" format camera
310 TV line resolution
Built -in audio
Focusable lens
Automatic gain control
Auto white balance
Pick -Up device: 1/3" CMOS
Light sensitivity: 10 Lux
Lens: 4.3mm
S/N Ratio: >38dB

#335 -485

(4nF, 40nF, 400nF, 4uF,

400uF), frequency in 4
ranges (4kHz, 40kHz,
400kHz, 4MHz), TTL
logic test, diode test and
transistor hFE test. 5 AC /DC
ranges up to 1000V (AC750V),
3 AC /DC current ranges up to
10A and 7 resistance ranges up to 4000 M
ohms. Includes test leads, battery, spare
lb.
fuse, and manual. Net weight:
1

$859c
30W Stereo Amplifier Kit

#390 -513

thermally and short
circuit protected. THD:
W/1 KHz).

Frequency response: 7 to
60,000Hz ( -3dB). Requires 2x12 VAC, 2A
lb.
transformer, our #129-050. Net weight:
1

$2995
EACH

$449ÁC

100 -155

3590(1.3)

2990(4-UP)

The Weller WLC100

solderering station is
ideal for the professional,
serious hobbyist, or kit
builder. Power is adjustable from 5 to 40 watts.
Includes 40 watt pencil
iron. UL approved. Net
weight: 1 -3/4 lbs.

$9550(4_uP)

Perfect for any portable or fixed audio/
video monitoring application
True high resolution display: 224,640 dots
Durable plastic housing with tilting display
Stereo sound with built -in speakers
and headphone jack
Over 60% more viewing area
than a 4" screen
Controls for power, volume,
tint, brightness and color
Video inversion switch for
roof mount applications

t1

This small amplifier is
constructed around the
TDA1521 IC, capable of
delivering 2x15W RMS
(4 ohm) or 2x1OW RMS
(8 ohm). The IC is

$9995(1.3)

Made in the U.S.A.

Weller/uncarn
WLC100 Soldering Station

Power: 8- 12VDC, 30mA (9VDC adaptor included)

addition to functions

#320-213 (Assembled/Tested) ...

Two-Way System

#300 -036

magnetically
shielded speakers with bass,
treble, volume

Color Video Camera
With Audio

$1995 C

#320 -212 (Kit)

6 -1/2"

construction.

found in regular DMMs,
this meter can also
measure inductance in
5 ranges (4mH, 40mH,
400mH, 4H, 40H),
capacitance in 5 ranges

(1

PRS)

Two amplified,

#299 -510

DMM and LCR Meter

.07%

LOIIdNMkN Co.°

polypropylene

#300 -408

1

#365 -300

AIIN,ïM

Great for front or
rear speakers in
your surround
system. The 6 -1/2"

Amp
duty 9V,
power supply.

This mini vise is an
invaluable bench top
companion for the
home hobbyist. PV
Jr. uses the famous
PanaVise design that
turns, tilts, and
rotates for a full range
of movement. Ideal for
soldering, gluing, and
general work. Features jaws that open to 2 -7/8 ", both vertical
and horizontal grooves o hold work, and a
fine adjustment knob. Net weight:1 -1/4 lbs.

In

you haven't
tf
a copy of our received

LARGEST
SELECTION
OF SPEAKER
DRIVERS
IN THE
COUNTRY!

Visit Us On The Web At

www_ partsexpress_ com
Or Call Toll Free

i -800- 338 -0531

KEY CODE: POM
725 Pleasant Valley Dr., Springboro, OH 45066 -1158
E -Mail: sales @partsexpress.com
FAX: 513- 743 -1677
Phone: 513- 743 -3000
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$59 PCBs

Save up to 90% off list prices on
thousands of goods and services!
Why pay retail
prices when you
don't have to?

And our layout software is -L.LL
L

O
O
O
O

Download our board layout software
Design a 2 -sided circuit board 2.5" x 3.8

di

°;

No

matter what you're looking for,

you can get it cheaper with this
newly updated for 2000 Buyer's
Guide: Audio and Video equipment
and materials, Electronic products
and surplus, Professional
Recording and specialty items,
Computers and components,
Stereos, CDs, Software, wireless
telephone and Communications
Equipment and almost anything
else you could want.

Send us your layout over the Internet
We ship you 3 excellent quality boards
with plated- through holes for $59
(shipping included)

COM

Here you'll find carefully researched and screened sources
that represent the best businesses with the best bargain prices. Plus, you
will find unusual companies selling hard -to-find items.

If you're looking for almost anything for yourself, your
home or business -chances are you'll find a mail order

Only

or internet company listed that sells it at huge
wholesale discounts. Company listings include
complete address, phone, FAX, Email and Website
addresses.

1995
Postpaid

COMMAND PRODUCTIONS
Post Office Box 2824
San Francisco, CA 94126
Call toll free: 1-800 -932-4268

NEW! All 1300 ACTUAL QUESTIONS!

DIRECT FROM MANUFACTURER
"WE WILL BEAT ANY COMPETITORS PRICE"

Commercial
General Radiotelephone
Operator License (GROL)
FCC

WORLD SMALLEST
WIRELESS VIDEO CAMERA

Plus Ship Radar

(BLACK & WHITE OR COLOR)

Only

TRANSMITS VIDEO UP TO1000FT.
CAMERA SHOWN
ACTUAL SIZE

COVERT VIDEO CAMERAS
COUNTER-SURVEILLANCE PRODUCTS
CUSTOM MADE
VIDEO SYSTEMS
IN HOUSE
RUNS ON 9V BATTERY
FOR UP TO 12 HRS.
ENGINEERING DEPT.

DISTRIBUTOR

AVAILABLE

8 95

Compete FCC Element I,

WE ALSO CARRY:

PROGRAM

$1

CALL FOR CATALOG:

SEC URETEK

3

Plus

$4.00

shipping

and 8 Question Pools.

Become an FCC licensed

ELECTRONIC TECHNICIAN
347- pa

a Tests -Answers exam Guide covers everything you
need to know to get your FCC Commercial Radiotelephone
Operator License with Radar Endorsement.
Newly revised multiple- choice exams cover all word -by -word
questions covered on the actual FCC License exam.
Revised 17th edition has complete information on every
commercial radio license examination and how you can
qualify...from the publisher specializing in FCC License
training since 1969.

Unconditional

Money Back Guarantee.

7152 S.W. 47TH STREET
MIAMI, FLORIDA 33137
90

TEL.305. 667 -4545
FAX.305.667.1 744
Vwiniv_securetek_ riet

COMMAND PRODUCTIONS FCC LICENSE TRAINING
Post Office Box 2824 San Francisco, CA. 94126
Call Toll Free 1- 800 -932 -4268
CIRCLE 232 ON FREE INFORMATION CARD

New REWORK STATION from Xytronic
your price leader in quality Soldering and besoldering Tools

Xytronic 988

TWZ60
Hot Tweezers
available for SMD

HAP60

Hot Air Pencil
Available for SMD

$465.00

chip removal

chip removal

NAPBO

$99.95

$79.95

Xytronic 988TP $599.00
Total Package includes Hot Tweezers and Hot air Pencil

For much more info go to
www. howardelectronics .com /xytronic/988.html
Free Trials Available On -Line
Letter from a Very Satisfied Customer
When

first unpacked the solder station I was impressed with its weight and feel.

I fired it up and within a few seconds it was preheated and ready to
go. I began to solder and loved the feel of the solder pencil. The heat is very adjustable and can he set to suit your needs. I have enjoyed soldering this
last week. Its nice to not have the iron get so hot in your hand while soldering. Then it was finally time to desolder. The pump sounds smooth and has
good power. At first I had a hard time working with it because of the pump staying on the extra few seconds, but after desoldering a few parts I got
used to it. I just had to retrain my technique. Now when I use it I like that I can begin desòldering right away without unclogging it first. After I am
done I use the cleaning stick and put it in the rest. So far its always ready to go the next time I need it. I would attribute that to the pause mode. I have
gone long periods of time between uses. I just push the button and within seconds it reheats to selected temperature and I am ready to go. After one
week of use I am very impressed. Its a very good unit at a very good price! Thank You.

Keith

I

Sahs- &
J

M

Electronics- Bellevue,

NE

Order On -Line for 5% savings or call us Toll Free at 1-800- 394 -1984

Visa -

Discover - A/E - COD - Terms to Qualifying Companies
60 Day Money Back Total Satisfaction Guarantee

>tI /C -

6222 N. Oliver Kechi, KS 67067

TiAWARD
ELECTRONIC
Toll Free U.S. and Canada
INS9R`UMENTS INC
your

1-800-394-19 84
CIRCLE 237 ON FREE INFORMATION CARD

www.howardelectronics.com
sales @howardelectronics.com
International (31 6) 744 -1993

or fax (316) 744 -1994
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Build your own robot

Make

it go

Look into the future

The Personal Robot Navigator

Build Your Own Robot!

Service Robots

Merl K. Miller, Nelson B. Wrinkless III,
Joseph H. Bosworth, Kent Phelps

Karl Lunt
2000; ISBN 1 -56881 -102 -0
paperback; 592 pp; $34.00
If you spend your time looking for your next
"crazy" robotics project, if you think that
building robots out of drink coolers and TV
remotes sounds like fun, then this is the book
for you! This compilation of Karl Lunt's
columns, originally written for Nuts & Volts
magazine, contains entertaining anecdotes as
well as practical advice and instruction. His
stories about various robotics projects will
inspire you to try them all yourself-and he
shares his tips and code to help you. A must read for all robotics enthusiasts!

Rolf Dieter Schraft, Gernot Schmierer
2000; ISBN -56881 -109 -8
Hardcover; 228 pp; $47.50
1

1999; ISBN 1- 888193 -00-X
paperback; 224 pp; $44.95
Includes 3.5" diskette (IBM PC compatible)

Details many exciting and innovative current
and future industrial applications for robots in
the fields of entertainment, medicine, space exploration, underwater navigation, and many more.

Learn to navigate your robot around your home or office
with this book and software combination!
"For budding roboteers on their way to becoming
RobotMasters, this book is required reading"
-Michael Greene, Robot Science & Technology

"A good discussion of how robot navigation technology
operates in the real world...objects are not always in the
same place, sensors not always accurate; but a good
design allows the robot to complete its tasks."
-Paul Malenfant, Software Engineer

A K

Peters, Ltd.

Publisher of Mobile Robots 2i° edition
63 South Ave
Natick, MA 01760
Tel: 508.655.9933
Fax:

508.655.5847

service@akpeters.com
www.akpeters.com

CIRCLE 268 ON FREE INFORMATION CARD

PIC'rì

Books

RF Data Modules
AM

Transmitter
Sub Miniature module
SAW Controlled

LEARN ABOUT PIC MICROCONTROLLERS

4l8MHz or 433MHz
*Range up to 300ft
data input

No adjustable components CMOS/TiL
Low current Supply

2.5mA

2.5 -l2Vdc

7xllx4mm!

AM -TXl -xxx .... S12.60

AM Receiver

I

III LI

Compact Hybrid Module

2kHz data

Very stable
CMOS/TTL output
Patented Laser Trimmed
5Vdc. 0.8mA (HRR6)

Sensitivity -105dBm

rate

38x 12x2mm

AM-HRR6-xxx... S16.33

FM Transceiver

Only 23 s 33 x Imm
5V CMOS logic interface
Up to 40.000bps data rate 'Fast ImS enable
Up to 450ft. range.
*Power saving feature
I

.5V operation
4I8MHz or 433MHz FM

Carrier Detect output
BiM-xxx -F

$87.36

RS232 Transceiver

See Table Of Contents: http: //www.sq -1.com
Secure Online Ordering la Available

PIC is a trademark of Microchip Technology Inc.

CO

1

ELECTRONICS

Voice (707) 279 -8881 Fax (707) 279-8883

http://www.sq-1.com
92

3wire RS232 interface
I9.2Kbps half duplex
418MHz or 433MHz FM
7.5 -15 Vdc. 20mA
TX /RX Status LED's

Up to 400ft. range
1/4 wave ant. on board

User data packetizing

58 x 40 x

15mm

CYPHERNET .... S139.30

AM Transmitter
Range up to 250ft.
Low current. 4mA typ.
SAW controlled stability Up to 4kHz data rate
Wide supply range 2 -14V *Small: 17 x lmm
I

CMOS/TTL input

ABAó
OM

AM-RTS -xxx .... S12.10

tel: (416)236 3858
Free Catalog

fax: (416)236 8866

www.abacom- tech.com
MasterCard

l

VISA

Delivering Performance With Value
e-mail: m-oC-aventods.com

website: www.aventools.com

....71,:r.

System 703
Stereo Inspection Microscope
Part #26.703
Adjustable interpJpitary distance
between 2.5" {5Emm) and 3/4" (75mm
Slide mount objectives for rapid magnification change
Provides a long working distance of 6"
at 10x magnification
Built -in illuminator with articulating arm
allows infinite positioning
Weighted stand with 9" arm is fully
adjustable
Magnification
55. 10x. and
20e

Multi- Modular Cable
Tester

Multi- Network Cable Tester

System 707
Deluxe Stereo Microscope
Part #26.707

Part 425.102

Part #25.022

Oubkly lests by auto scanning
Sui`abie for thin ethernet
(BtáC) /10 Base T. (UTP /STP)
/353A /TIA 568A (f1A -5688
/token ring
Use attached remot terminator
to test cable before or atter the
cables are installed. Also
allows you to test the ground
of shielded twisted pair cable.

Selectable 20x or AOe magnification
Bottom transmits and overhead illuminators
Rotary turret ncurded with posta-e
click stop for easy povei change
Precision rac; ano pi -ion focus
45 degree inu/irtec eye tubes
Working distance 3.1°" at 20e
incandescem

Quickly test by auto
scanning modular cables
USOC4 /USOC6 /USOC8t
erminating with RJ45,
RJ12 and RJ11 modular
plug
Comes with remote
terminator, allows you to
test installed cables.

(12v/1 0w1
and Haloge:
112v,

C

i

üghr

year limited
warranty

5

.

Busc

22 PC Aven Personal

22 PC Aven

Computer Tool Kit

Electronic Too Kit

Part #15 014

Pari. a15.á13

73 PC Aven Master
E ectronic Tool Kit
Part #15.018

Premier Field
Service Kit

47 PC Aven Premier

88 PC

Compact Technicians Kit
Part 415 001

Part #15.006

7

.5'ü'

Includes super drill set
Aluminum Case

Professional Multimeter

20 PC ?2oisi:or Screwdriver Set

Part 025 -015

With Irterchaneeable Blades
Part #13.774
This useful set contains 15 assr rted
SlotedPh ilip /S:adHex/Bal
pcint/BSCe::..:3pecial quiet( release
designed, make blade changes quirk
and easy
l

Digital Soldering Station
Part 417.510
Ceramic heater unit for quick
start
Temperature adjustment' 160480 calcuis
Six different tip sizes available
as options
Perfect for most soldering
applications including SMD
ESD Safe

For your nearest distributor call: #1 -800- 624 -8170
Fax: #1 -734- 973-0097 e -mail: infot aventoolls.com

Comprehensive assortment of tools for servicing
electronics
Double -sided care

Perfectly Balanced Flourescent
Lighting With A Precision 3
Diopter Magnifier Lens
Part #26.50'
45 inch extension arm
The shade with handle lets you bring
the tight where you want
3 diopter lens included
Supplied with 22 watt circline tube
Color: Ivory
All metal construction

Visa /Mastercard Accepted
93
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Home Automation

LASERS

World's Largest
Source for Home
Automation!

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

X10 & Lighting
Gadgets &
Control
Motorized Devices
Home Security &
Home Theater
Surveillance
Phones &
Home Networking
Intercoms
& Structured Wiring
and Much More...
Voice Control

FREE CATALOG
Helium-Neon
Argon Lasers
Diode Lasers

800-SMART-HOME
www.smarthome.com

Holography
Books
Email: mlp@nlenx.com

Free 144 pg. Color Catalog!
Oealers/Resellers ask about our
SmartHome PRO Dealer Program 8004949.6255

A Midwest Laser Products

The ADR series of Interfaces allow control of
analog, digital and relay 110 via RS232 or RS485.
Visit the web site for specs, applications and
programs in VB, C, BASIC etc.
(705) 671ß852

e

.w

F New -Old-Stock,
Tubes, Parts,
Supplies,
iÌrae'
te Speakers, Books,
ó Transformers,
Grill Cloth
6221 S. Maple Ave
Tempe AZ, 85283

Ontrak Control S =tams Inc.

tccav

.11

i

MC Accepted

Do You Repair Electronics?
Repair Databases for
TV, VCR, Monitor, UL
Audio, FCC, and more

`p

www.ontrak.net

t0.,

30

VISA
P.O. Box 262, Frankfort, IL 60423
Phone: (815) 464-0085 FAX: (815) 464-0767

Poptronícs QN,oppa
Data Acquisition and Control

Ruby Lasers
Scanners
Lightshow Equipment
Pointers
Optics
http://www.midwest-laser.com

-

Over 76,000 records

Private user forums
Live on -line chat rooms

RepairWorld.com

pli. (480) 820 5411
fax (4W)) 820 4643
fax (800) 706 6789

r

<rald sy rwihnu u

New and Pre -Owned

Test Equipment

New Equipment Specials
SINI('lll?('K "IIse l'I.l
Tests SIMMs/168 pin DIMMs
Stand alone/portable

S

Iodine Tester

Identifies Module properties
Built-in Serial Interface

Only $1,995.00
:kV('ONl I'SA-371) - Spectrum Analzer
Satellite Downlink - Installation - Maintenance & Service
Line or Battery Powered
Band 1: 10 - 1750 MHz
Built-in DC Block & Power for
Band 2: 3.7 - 4.2 GHz
LNAILNB's
Carrying Case Included
Only $2,395.00
Instek GOS -6103

- Analog Oscilloscope

100 MHz Bandwidth
2 Channel, High Sensitivity

Trigger Signal Output
Cursor Readout

Leader IT 941

Time Base Auto -range
Includes Two Probes
2 Year Warranty

- ('
IN

B +K Precision

Tektronix
Tektronix
Tektronix
Tektronix

TV Signal Level

-

MHz
MHz
MHz
MHz
MHz

$185.00
$599.00
$729.00
$829.00
$999.00

$489.00

Digital Nlultintctcr

Surplus
l'est Equipment
We Buy

Test Equipment Depot
A FOTRONIC CORPORATION COMPANY

99 Washington St. Melrose, MA 02176

(1- 800 -996 -3837)
lAMExl C.O.D.

10

100
100
200
250

See us on the Web!
1ww.testequipmentdepot.com

\letcr

Basic DC Accuracy of 0.025% at 50,000 Count
True -RMS AC, AC +DC, dBm, & dBV
On! $319.00

94

1466
465
465B
475
475A

Professionally Refurbished
Aligned & Calibrated to Original Specifications
The Industry Standard of Oscilloscopes
1 Year Warranty - The Longest Available!!!
See Website for Complete Specifications

Only $899.00

TV /CATV Coverage from 46 - 870 MHz
Only
Video /Audio Carrier Measurements

Fluke 87

Pre -Owned Oscilloscope Specials

TOLL FREE 1- 800 -99 -METER
CIRCLE 313 ON FREE INFORMATION CARD

(781) 665 -1400
e -mail:

FAX (781) 665 -0780

sales @testequipmentdepot.com

CALL, WHITE, FAX
or E-MAIL For A

UALITY Parts
FAST Shipping

Free 96

SDISCOUNT

co

O

A

L 150 Watt Power Supply
Power Switch Corporation
# PVI 150- 39 -PRV
Input:
100
240 Vac.
Outputs:
5 Volts @ 8 Amps
12 Volts @ 8 Amps
Maximum output
achieved with 20 CFM forced air cooling.
New, open-frame switching power supply.
7.13" x 4" x 1.9" high.
UL, CSA.
CAT # PS -150
each

40 RPM 115 Vac Motor
Cramer Co # 105VA150-E
40 RPM, 115 Vac gear motor.
1.83" diameter x 1.18" body.
Mounting ears on 2.1" centers.
0.25" diameter x 1" long shaft.
Prepped with a 1.25" long pin
through the hole in the drive
shaft. Pin is removable.
4" long pigtail leads. UL, CSA.

CAT # ACM -108

i

'\

1.38" UL, CSA, CE.

CAT # PS-1225

$15 °-0

10 for $12.50 each
100 for $10.00 each

Organize your CDs or CD
ROMs with these high impact, black plastic
CD storage racks. Slots
for 12 jewel cases.Each

50

$

each

lock verrtically and
horizontally with other
modules. Can be freestanding or wall mounted.
U

,,

'

CAT# CDR -3

,-

PI

'4,1

10

Daewoo # 16216L -5 -VSO

m.,,
g

2.56" x
area.
3.15" x 1.41" module size.
LED backlight. Includes
hook -up /spec sheet.

g

C^;\

I^

ttif

75
$3eách

CAT # CLP -44

Ionizer
Seawise Industrial Ltd.
Model # SW750. Input: 120 Vac
Output: 7.5 KV 60 Hz. The main
component in a household ionization unit. 2.2" x 1" x 0.86" thick
with a mounting tab that extends
0.75" from the unit.
UL recognized.

50

$

each

BLUE / water clear 1200 mcd
45 degree viewing angle.

50

$h

CAT # LED -58
10 for $27.50

each

WHITE / water clear 1800 mcd

CAT # LED -48
10 for $27.50

$35ö
each

Accurate and easy to use for short and long
distance leveling. Center the bubble, and anything that intersects the beam is at exactly the
same height. Use it to match heights in large
rooms or across buildings. Set and align electrical and plumbing fixtures, cabinets and shelves.
Rugged, black anodized aluminum housing with
pocket clip. Locking push button switch to prevent unintended actuation.
Includes two AAA batteries.

ORDER TOLL FREE

Alps Electric # 726T- 10KBX2
Dual 10K linear pot powered
by a small reversible 6 Vdc
gearhead motor. Pot and
motor assembly are 1" square x
1.7" long excluding shaft and
bushing. 6 mm flatted shaft is
0.5" long. 9mm threaded bushing. PC pins and
mounting tabs for pc board mounting.

}/ 00
1-800-826-5432
$

95

each

$

each

CAT # MPOT-10K
10 for $35.00

Shop ON -LINE www.allelectronics.com
MAIL ORDERS TO:

FAX (818) 781 -2653

ALL ELECTRONICS CORP.
P.O. BOX 567

VAN NUYS, CA 91408 -0567

- We

®a

INFO (818) 904-0524

E-MAIL allcorp @allcorp.com

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

MANUFACTURERS

j)

Motorized Potentiometer
Dual 10K Linear Taper

CAT # LL -1

each

ands%
(- ï

Blue & White Ultrabrights

Laser Level

4 for $100

Character X 2 Line LCD
with Backlight

for $17.50

Three foot cord with LED
lighted, fused, 10 Amp
plug at one end
three outlet jacks at
T
other end. Jack
assembly has red,
yellow and green LEDs
indicate battery condition.
Can be mounted via mounting ears (4.7" centers) or double -sided tape (included). Mounting
ears fold out of way if not in use.

CAT # SW -750

12 CD module can inter-

extends 0.24". Solder-loop terminals.
Large quantity available.
CAT # LSW-1
100 for $20.00
1250 for $150.00 (12e each)

5 x 7 dot format.

h

Modular CD Racks

MINIATURE S.P.D.T.
LEVER SWITCH

16

Battery Monitor

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 id, 5.5mm od). Tip
positive. Ferrite snap -bead for
EMI suppression. Compact, 3.23" x 2.23" x

i

(ON) OFF (ON) Alps # SSCF2136LX
S.P.D.T., center-off miniature lever
switch. Spring- action lever returns
to center-off position. 0.49" x 0.43"
plastic body. Lever extends 0.375"
beyond body. Mounting flange

3 Outlet Lighter Cord w/

Plug -in -wall regulated
switching power supply.
Ideal for cameras,

/51

`.I!

send $3.00
postage,

12 VDC 2.5 Amp
Switching Adaptor

-

I

CATALOG,
Outside the U.S.A.

Pricing

C4B
p11VEP

Purchase EXCESS INVENTORIES.,. Call, Write, E -MAIL or Fax YOUR LIST
CIRCLE 215 ON FREE INFORMATION CARD

95

Tons of
Electronics

CATALOG!

BEST DEALER PRICING!
PRICING!
30 DAY
TRIAL!
MONEY BACK
GUARANTEE

j'Irt
IIAMPADE

1- 800- 906 -6664

PCB

PEElLIFiiIS

2609 S. 156th Circle Omaha, NE 68130

O°

www.modernelectronics.com Qo

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.

=1

Artwork

Made Easy!

PRINTED CIRCUIT DESIGN SOFTWARE
One tree can make

For Windows and DOS

1,tXX1AXXX

Layout - Autorouting - Schematic - Circuit Simulation
Visit our Website

matches.

www.pcboards.net

@

For free DEMO and Information

PCBoards

Checkout our 10,000 item on -line wale

(800)473-7227

2110 14th Ave. South
Birmingham, AL 35205

Order Toll Free

(205) 9331122

i -800 - 344 -4465

Perfect for the Pro or Hobbyist!
One match can burn

aw

CABLE TV BOXES

Unlimited. Low Cost. Instantly Available

Free I3rochure&DemoTape,.
LT Sound Dept PE
1
7988 LT Parkway. Lithonia. OA,100',ti
Internet -hltpt www.t T Sr n md.corn

Mir fffil

'

-

24 How Demo /Info Request Line (770)482-2485

When You Want Somethin

FCC License Preparation

t1MtNliYtäbrag
eh MO
lima Yin Mar

Background Music from Orfgtnal Standard
Recordings! Does Everything Karaoke
does... eaer and_gives you the
Thomppssoon Vocal Eliminator'
`t

wwwallcableboxea,com

Eat 49

Better Than Karaoke!

SERIHL

888.242.0539

RADIOTELEPHONE LICENSE
Electronics Tedl,Avionics,Marine & Radar
Nomestudy- Fast-_Easy & inexpensive.
Manuels -Audio-Video-podisks -Q &As
Guarantee Pass -sæ at www.wptfcc.com
Details-800 -800- 7555.WPT Publications
4701 NE 47ST,Vancouver,WA.9866I

LCD--.

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)
SGX-1201
Mini graphics LCD
2400/9600 bps
just $99

Many other models available -see www.seetron.com!
96

1- 800 -344`6324

CIRCLE 250 ON FREE INFORMATION CARD

3,tXXltX t) trees.

VOCALS
SINGERS, REMOVE

hth:l/www.meci.com

Scott Edwards Electronics, Inc.
www.seetron.com 520 -459 -4802

A device programming system
for design, repair and expenmentation
EXCEPTIONAL POWER FOR THE PRO
EASY -TO-USE FOR THE NOVICE
INCLUDES STEP -BY-STEP TUTORIAL

Here 'S what you get:

A tugged, portable programming unit including the power pack
and printer port cable both of which store inside the case. A mil printed user and technical manual
which includes schematic diagrams for the programming unit plus diagrams for W technology family
adapters. Comprehensive, easy -to-use software which is specifically designed to mn under DOS,
Windows 3.1, 95 and 98 on any speed machine. The software has features which let you READ,
PROGRAM, COPY and COMPARE plus much more. You have full access to your system's disk
including LOADING and SAVING chip data plus automatic processing of INTEL HEX, MOTOROLA S- RECORD and BINARY files. For detailed work the system software provides a full
screen buffer editor including a comprehensive bit and byte tool kit with more than 20 functions.

Broad device support:

FIRST GENERATION EPROMS (2708, TMS2716, 2531)
SECOND GENERATION EPROMS (2716.28C080), 40 AND 42 PIN EPROMS (27C1024-27C160)
FLASH EPROMS (28F,29C,29EE,29F), EEPROMS (2816- 28C010), NVRAMS (123(X2210112)
8 PIN SERIAL EEPROMS (24, 25, 85, 93, 95, 80011A) PLUS ER1400/M586570 AND ER5901
BIPOLAR PROMS* (725 /82S), FPGA CONFIGURATORS (17CXXX)
MICROCONTROLLERS (874X, 875X, 87C5XX, 87C75X, 890530

$289

ATMEL MICROS* (840) PIN 890X051, 895)0XX (AYR) 900X001
PIC MICROS* 8, 18, 28, 40 PIN (12CXXX- 16CXXX, 16FXX, 17C)
MOTOROLA MICROS. (68705P3N3/R3, 681-1C705, 68HC711)
'REQUIRES SNAP-D) ADAPTER (ORDER FACTORY
1

MAW r

OR

RUaD YOURSELF)

YEAR WARRANTY - 30 DAY MONEY BACK GUARANTEE

ANDROMEDA RESEARCH,
(513) 831 -9708 FAX

P.O.

55.00 SHIPPING

55.00 C.O.D.

VISAMASTERCARDAMEX

BOX 222, MILFORD, OH 45150

(513) 831 -7562

website

-

www.arlabs.com

CREDIT CARD COMPUTER
$1 44.20

OEM (1000 pc .) price
EVAL KIT (Qty 1) $50

rr CARO COMPUTER
..

Includes:
-serial and parallel
-256kbit nvmem
-A to D converter

'..t'Tï:tIQ27

SN:

-ISA/PC104 bus
-BASIC and ASSY
-Calendar /Clock

NEW, improved version with ...

PLUG-N-GOtm !!!
COMPLETE! No cables or power supply to buy.

PC SOLID
PROGRAMMER STATE DISK

$95 UNIVERSAL

FLASH,EPROM,NVRAM,EEPROM
to 8meg (27080). Adapters for micros,
PLCC, etc.. Parallel port version for
notebooks. FAST and EASYTO USE.

LCD VGA $27
OEM (1k), eval $95
640x480 controller
use with PC or SBC

ADC /DAC32 cards
channel for
8/12/16/18bit up to
PC or SBC starting at $14.20 oem

$27 MINI PC

eval $95, oem $27 includes:
DOS,3 ser,2par,rtc,nvmem,
built-in LED display,1SA bus,
Keyboard and LCD interface

COMPLETE!

OEM (1k), EVAL $75
FLASH,NVRAM,ROM
256K -16M DIP/PCMCIA
$21

PC WATCHDOG!
NO MORE HANGUPS..
Reboots PC on hardware

or software hangup..
oem $21, eval $75

SINGLE CHIP COMPUTER!
OEM (Y K)
EVAL KIT
(1) $7 -110
- Zero External Components
- Built -in BASIC / Assembly
- RS232 Program Download
- 1K flash, 64ee, 3irq, 2timers
- 15 I/O bits, AID comparator
- 20mips, faster than pic/8051
- 20 pin DIP part #MV1200

99

Not a "core" or "engine ". All

utilities and tutorial included.
Use Turbo C,Basic,MASM.
386 version $42 oem $195 eval

WWW.STAR.NET/PEOPLE/-MVS
MVS Box 850
Merr.,NH 03054)
(508) 792 9507 ¡
1

^

M V VV

5yr Limited Warranty
Free Shipping
Mon -Fri f 0-6 EST

NEW! 8K SUPER CHIP
Improved BTERP with 40 times the BASIC program capacity
- 40 pin DIP part #MV8515
- 32 U0, 12 irq, 3 timers, bus
8K flash, 512 ee, 512 nvram -

$5.40 OEM

CIRCLE 296 ON FREE INFORMATION CARD

(1

Watchdog with internal ose.

k), Eval Kit $19.00
97

Callbacks up here can be a matter of life and death.

O

'

' ,,

>:;Z

>

Technicians at NASA's Space Shuttle Logistics use
the CapAnalyzer 88A to be sure equipment is in perfect
condition before being launched where service calls
could be somewhat of a problem. The CapAnalyzer 88A
is also used by NBC TV, General Motors, Sears Service,
Time Warner Communications, Panasonic, Matsushita
Industrial, and Pioneer Electronics technicians, as well
as thousands of independent TV, computer monitor, VCR
and industrial service technicians. They prefer the
CapAnalyzer 88A because it checks electrolytic
capacitors for leakage and ESR in- circuit, accurately.

o

Check www.eds-inc.com/88users.html for actual
users' comments as they compare their own CapAnalyzer
to the "wizards" and "z- meters" they already own. No
unsoldering to check out -of- circuit, no mistaking a

°°

shorted or leaky cap as good, as other "ESR" meters do, no guessing about whether a value is good or bad. With the exclusive
three -color comparison chart right on the front panel, auto -discharge, multi -beep alert, and one -handed tweezer test probe,.
even your grandmother could find defective caps in that problem PWM power supply, TV, computer monitor, VCR, or
industrial control board in just seconds. And because it's handheld you can service anything anywhere. It's no wonder that
almost 60% of CapAnalyzer sales are by referrals, or service managers buying additional units. In fact, our distributors tell us
it's the most asked -for -by-name piece of test equipment they sell.
So stop wasting time and come back down to Earth. You can have your own CapAnalyzer 88A for only $179. With our
exclusive 60-day satisfaction-or- money -back guarantee, you risk nothing. Prepare to be amazed: your only problem will be
running out of work as you take care of all of those "dogs" that you've been sitting on. We're Electronic Design Specialists.
We make test equipment designed to make you money. Check out www.eds-inc.com for all of the details. Available
worldwide, at your distributor now, or call 561- 487-6103.
(And thanks to all our customers for making us #1! -Dave)
CIRCLE 210 ON FREE INFORMATION CARD
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Include:

Measuring Temperature
Using a Photocell to Detect Light Levels
Making a Waveform Generator
Constructing a Capacitance Meter
Motor Speed Control Using Back EMF
Interfacing and Controlling Stepper Motors
Scanning Keypads and Writing to LCD/LED Displays
Bus Interfacing an 8255 PPI
Using the Primer as an EPROM Programmer
DTMF Autodialer & Remote Controller (New!)

LIGHTS

RELAYS

TEMPERATURE

Are you interested in Microprocessors & Embedded
Control Systems? If not you should be! Look around.
just about everything these days has an embedded
microprocessor in it. TVs, cars, radios, traffic
lights & even toys have embedded computers
controlling their actions. The Primer Trainer is
the tool that can not only teach you how these
devices operate but give you the opportunity
to program these types of systems yourself.
Examples & exercises in the Self Instruction
manual take you from writing simple programs to
controlling motors. Start out in Machine language.
then move on to Assembler, & then continue on with optional C. Basic, or Forth Compilers.
So don't be left behind: this is information you need to know!

Examples

oNT
O<.
MEAS L. RE
PLAT

PRESSURE

u

SWITCH POSITIONS

LIGHT LEVELS

THERMOSTATS

$79

MODEL 30

WIG

MOTORS

HUMIDITY

LIQUID LEVELS

MODEL 45

$189

'+IiYÑ"IINß"lC*1i
24 LINES [NOME

t CNAratEi.
'

S SIT

019d32 LN'rtIaACE

t/o

n ONTITAI

2

12 BIT COUNTER
__.

MODEL 100

UP TO 1411

lio

a ANALOG INPUTS

A/oJ

ANAID6 OL1iPtlif

2 COUNTERS-24 BIT

Hf//

$279
'44 ANAIDB OUTPUT
3 Times couNTRts

'

RS-742 NIIEtrACE
.';..

1RMS, 29 AMPS

12RRA/D

:9ADiSBAL *10

OPTO.ISOLAYEo
COMPUTE OMM

MODEL 40

$109

The PRIMER is only $119.95 in kit form. The PRIMER Assembled & Tested is S 69.95. This trainer
can be used stand alone via the keypad and display or connected to a PC with the optional upgrade
($49.95). The Upgrade includes: an RS232 serial port & cable, 32K of battery backed RAM, &
Assembler/Terminal software. Please add $5.00 forshipping within the U.S. Picture shown with upgrade
option and optional heavy -duty keypad ($29.95) installed. Satisfaction guaranteed.
1

98

riac, Inc.

EMAC WAY,
CARBONDALE,
IL 62901
Fax 457 -0110
BBS 529 -5708
618 -529 -4525
World Wide Web: htt /www.emacinc.com
11

:/

1985

-

1998

OVER

12
YEARS
OF SERVICE

Prairie Digital, Inc.
PHONE

6O8-643-85'
xX,Ssm*r. <.

608- 643 -6754
ïm.m+trav,xn«4-,r.......,
FAX

CIRCLE 219 ON FREE INFORMATION CARD

Check out our full line catalog @:

www.mcmelectronics.com
7 -800- 5434400965 -6960
,,,tf,td74

You Must Provide This Source
Code To Receive Discount Pricing:

PC. 11131011101

What you Want
1M

Prices effective September 12 through October 27, 2000.

Multiple
Voltage 2
Amp Power
Supply

III

Soldering
Station
Perfect for
all types of
board level
and precision

work. Digital
LED display shows

!

Indispensable accessory for any hobby or
tech bench. Rotary switch selects 3, 4if, 6,
714 9 or 12V output Ideal
for battery operated
devices or your
latest project.

r

I

Order
28-2200

Reg.

$J.05

temperature and setpoint.
Order
21 -1590

Audio
Amplifier
Module

$118b0

DMM with
Logic Function
digit LCD display
meter measures
AC/DC voltage to 600V,
AC /DC current to 10A,
resistance to 2000Mohm,
capacitance to 20frF,
31.4

Order #
28 -8402

Rem';:
$

SOCA

700

Watt
Fog

Machine

assorted radial and
axial lead capacitors
Values range from
0.1 -470pF *Voltages
vary from 6.3 -50V

'4995

work Provides 12 W output @ 4ohm load
Operates on single
6-1 6VDC source
*Measures only 2.5"

$65J

Contains 75

5

$

comes sealed in a fully potted plastic
housing *Perfect for hobby and prototype

Reg.

Electrolytic
Capacitor
Assortment

Reg.

Order #
82 -2990

*Single channel
audio amplifier

transistor h f and
provides diode and logic
test. Includes holster and
test leads.
Order
72-4025

Perfect for incorporation in to existing
housing for CCTV, observation and general
hobby use. Produces over 380 lines of
resolution with a 92°
viewing angle.
now only!
Requires 12VDC,

330mA.

Reg.

Ommtm,

ODF/13111411
Micro Board CCD Camera

*Perfect

for parties,
nightclubs,
bands and
theater use *Produces up to 2500 cubic feet
of fog per minute *Includes remote control
with 10' cable *Measures 12.4" x 5.1" x 6.3"
*Requires #555 -3096 fog
liquid, not

included,,

Order

555-3210

Reg.

$fig

5

32 Piece Security Bit Set
This is a complete set of security bits for all of
those difficult service applications including
computer monitors, video games,
telephone and cable
equipment Includes
security ton( bits,
hex bits, spanners,

tri -wings and more.
Order#

Reg.

22 -1475

$4.Y.25

eMCM ELECTRONICS
PARK DR.
550

CONGRESS
CENrERVILLE. OH

45459

A Premier Farnell Company

SOURCE CODE: POP8O
CIRCLE 160 ON FREE INFORMATION CARD
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PIC MICRO

TOOLS

PROGRAM PIC'S IN BASIC

B2 compatible! Plus can be used within
MPLAB IDE. Includes FREE Proto board!
Pie n' Basic Pro Compiler $199.00

ALLPIC Plus Programmer
gram
cams - Atmel
Serial EEPROMS Includes 40
Pin ZIF Complete $99.00

PIC & Semis

Boards
it easier to

New Special design
prototype PIC &unis micros than
reg boards!

Starling

$995

New!

PIC Programmer Kits
Program all 8,
18, 28 & 40 pin

I

PICS in the

12C5) (120508),
14000 and 16Ciot (16F84) seras
16C54-58).
(except
All components, PCB and Instructions included! Parallel port of
PC is used with straight through (25 pin) cable (not supplied). KR uses shareware which is downloaded from
the web and registered for $20. 40 pin ZIF socket reoonimended ( available for $11.95). For more ,fo and
Atmal prograrnrners visit www.electronlcs123-cari

Experimenter - Lab Board

Graphics LCD, Servos, Button Matrix,
EEPROM, Solderless Bread Boards.
For Beginners to Professionals! All
boards will work with PIC or Scenix
Complete Kits Starting at $49.95
Educational Dieewu tsAnoilablel
VISA Master C,tr,7 Artictican Exprrs.
To Order Call 1- 800 -773 -6698
Send Money orders to. Worldwyde Corn,
33523 Eight Mile Rd nA3 -261. Livonia. MI 48152

Visit us online http: / /www.worldwyde.com

CMOS Camera Module, Black &
White, Size: 0.63'x0.63 "x0.59'H.
Low cost, low power and very
small! Lens: f4.9, F2.8 FOV 56
deg x 42 deg. EIA 32QHx240V.
+S &H $4.95'
Scan: 2:1 interlace. 0.6" DIL
Package. 5 pins. Pin 3 is 1V p -p composite video
(75 ohm) to standard video monito . Power
Supply, 5V +/- 0.5V. Current 10mA.
power supply. S &H to Canada is $7.
1;
Toll Free: 1 -888- 549 -3749 (USA &Canada)
Tel: (330) 549 -3726. Request a FREE catalog or visit us
at: wwweleotronics123.com for more products.
Amazon Electronics. Box 21 Columbiana OH 44408

$4.95...ppd
ORDER FROM
MAX RESEARCH
P.O.BOX1306
EAST NORTHPORT,NY,11731

Visible Laser Modties(635.670 nm)
TTL Modulated Laser Modals

Une Generator Leser Modules
Infrared Laser Modules(780.830 rim

$2495

Data

IAwe, nl;

5rrinl- l'.all1.1
.und flan) 3l na.'

PIC Programmer
Programs all PIC16C55e/6s/7s/8s/9e,
PIC 16F8s, and PIC12C devices.
Optional 21F adapters for SOIC

& PLCC.

Includes all necessary software.

Buy

Both for

$59

Only $398
WV

uric!

;f atilt r(.'tnd
To

ord

-800 -77698

21365 Randall Street Farmington Hulls, MI 48936
Visit us on the web at www.wortdwyde.com /pic

DE/DEC
CREATE OR RESTORE

SCRAMBLED VIDEO

AUTOMATICALLY
MAKES THE PERFECT
PORTABLE ENCRYPTION
SYSTEM!
OPERATES ON A STANDARD

9 VOLT BATTERY

S 09.9,5
&Ñ"FS9'50(i

MODEL VITR

Kits include everything you need: hardware,
integrated development environment (IDE),
tutorials, software demos, and textbooks
Developed by university professors
Used by tech schools, colleges, & universities
Suitable for self-paced learning
Industrial grade PC boards
Several 8051 platforms to choose from
WIN 95/98/NT IDE , free web updates
IDE includes 8051 Chip Simulator
Program in Assembly, BASIC, and C
Complete industrial and mechatronics demos
Use course material to build a robot
Textbooks include hands-on experiments
13 years experience in educational systems
Complete packages starting at $120

To download software or for more

information visit
R.t Dktdistlay

P.O. Mx 552

Smith

lead,

IN

46624

timitiovicoa

www.riaelcorp.com
Rigel Corporation, PO Box 90040
Gainesville, FL 32607

CONTROL
IT

LASER MODULE
Auto Power Control
Collimated Laser
Compact Size
100,000 Ix lifetime
No Electronics Required

&

CD Only

Teach Yourself Embedded Control
with the Most Popular
8 -Bit Architecture in the World

5

MAX
RESEARCH'

Book

-

Home Automation
Keypads
Serial Port Interface
On-Screen Displays
Robotics
%10

Needs

WHY DO ANTENNAS RADIATE
LEARN FOR YOURSELF FROM THIS
ENLIGHTENING PAPER BY MAX RESEARCH
OATH AN UNDERSTANDINGOF
THE RADIATION MECHANISMS OF ANTENNAS.!
WRITTEN INA CLEAR STYLE FOR
RADIO HOBBYISTS,INQUISITIVE AMATEURS
AND EXPERIMENTERS.

& CD -ROM

LCDs

module

ANTENNA SCIENCE!
ELECTROMAGNETIC WAVES?

Book

Many PIC Projects for Beginners & Experts!
Includes Software, Documentation, and PCB Layout

CPS

Video Camera

Several models available! Built in

PIC PROJECTS

'Sweep rates to 64kHz
*Gray Scale /Color Bars & More só,

"AutoScan" (auto rate switching!)
from

a

29 (us)

LASER POINTER
Focus Adjustable
Elegant Design
Solid Metal Body

TV /Stereo /S -Video units
6 port'Burnin" units
'Portable

&

Bench units

'Video units from $129.95
Corn puter m odels from $99.95/
*FCC approved units

Per Style Lam PoYbr (7500

Kay Grit Law Pointer (1300

ft vkdityl

**billy)
Mutable it 'Mr ant. bleat Hell

$19.95 (US)

Ask for free
worts our Arch.
Tk(416)2040288 Fax5416)5067e18

CMM 1-800-466-4411.770-662-5633

catalog

www.computermonitor,COm

Intec Automation Inc.

Visa -MC- AIM- Discover- On -line ordering

www.microcomirnander.com

35¢ Switches

10Hr Phone Recorder $69
Telephone Scrambler $159 ea. or2 for $149 ea.

Secure phone conversations with this high tech lolling code' scramlion. Require s one at each end.
Her thousands of rudes;rasy connection.

Voice Changer Phone $99

ph...

14 Pik ho;Make your voice
Disguise your voice with this
deeper or hiller. Men ran sound like a worsen. easy to use.

Hr. Phone Recorder Touch -tone decoder $159
rsnk both sides of conversation including phone numbers dialed
Phone Information Recorder $169
5
I

Records both sides of conversation along with the number dialed
Reads name and number of callers (requires (caller ID service

1

PC Telephone Recorder $119

Um your Ile' to record phone calls. Windows 'IS, Sound Waller
conpatibk sound care 486 or higher PC required

Phone Tap detector $159

Protect your phone against phone taps,eaves shoppers and

Premium quality. Rated 6A1125V. All
hardware included. 114" panel hole.
SPDT or DPDT, on -on or on- off-on.
100pcs minimum. VISA or Master
Card. Sorry, no COD. Order Toll -free.

Deteis

NO CHECKS

NO COD *Add $6.95 S/H

MSC Electronics

PO BOX 461 Jessup, MD 20794
(301) 497 -1600
FAX (301) 497 -1925
~___

Cable TV Remotes
Blow -Out sale
We carry all models
100pc.
10pc.
50pc.

LaserPrint*

2. Press On **
3. Peel Off
4. Etch

$3.75

$3.60

$3.25

300pc.

500pc.

1kpc.

$3.00

$2.75

$2.50

Rebelion -3 125ch. Converter
Use Standard Copper Ciad Board
20 Shts $30140 Shts $501 100 Shts $100
Visa/MC /PO /Ck!MO $4 S &H /Foreign Add $7

Techniks Inc.

_

12pc.

50pc.

100Dc.

$50.00

$48.00

$46.00

Globaltecb 1- (800) -582-5110

P.O. Box 463, Ringoes NJ 08551

View Our On -Line Display Catalog at:
www.globaltochdistributors.com

ph. 908.788.8249 fax 908.788.8837

www.techniks.com

OWN A MACHINE SHOP!
Do It yourself!
we waiting to have pails or repairs done.

Ease to

tae -Free training.

Moat away.

Affordable-Six models
starting at 8095.

Vffaa a -Werk

metal-and wood
or plastic.
CNC Meltable

Enjoy the freedom

cost savings of
owning a benchtop
machine shop.
&

1-800 -345 -6342

Underground Info!
Hacláp Cracking Satellite Cede Phreakk g Minos
Garne8oy I/O Small Cards Emulation Hardware Tools

Pius Move! Visit us on the web!
Books & CD's:

bull be doing quality work

CALL TODAY!

or

PI

Ist

Hackers Anarchy Cook Book 2000
The Hack & Crack Bible Vol.2
Hackers Gold CD Vol.1
Secrets of Dish Network Vol.1
DSS Secrets Vol.4 Book & CD
CableTest Devices Source Code & Plans
PSX Secrets w/ MODCHIP Source Code
The Ultimate Phreaking Guide
Emulator Heaven CD
Game Boy I/O - Servos/Relays/Sensors

$39.95
$39.95
$49.00
$49.95
$49.95
$79.00
$89.95
$39.95
$49.95
$49.95

Hardware;
PIC, Scenix, Atmel Programmer Complete ... $99.00

$59.95
ISO 7818 Smart Card Programmer
$ 8.95
Smart Cards (from)
$ 9.95
Prototyping Boards PIC & Scenix
AmonC.ln Express
Master C.:
To Order Call 1-800 -773 -6698

oils.

Isp1.PE111

DSS SECRETS -Vol. 2
Step -by-step instructions on programming
your own DSS access card. Unlock all channels
on your own card! This is the most current
informationon the market! Includes software,
plans, and hardware sources. Book & CD -ROM.

DU Secrets Vol. 2
1I"1 Mrsi if noel
To

$49.98

Inrrrls -unl.a /aivs.
I. 800. 773.6698

order, call Worldwyde

21365 Randall Street Farmington Nill, MI 48336
Visit us on the web at www.worldwyde.com

PROGRAM SMART CARDS IN BASIC !
Complete system! Program your own smart
card appilications in easy to use BASIC!
Smart Card Tool Hit $79.00

Security Systems, Time Cards, Emulation
Access Controll for Home, Office, Auto
Computers, Robotics Programming
Interface with any appilication!

Tool Sit comes complete with:
CyberMouee SmartCard Reader/Writer

Developer Software Pa
Documentation on CARO
Technical manual in printed form
3 Blank Smart Cards Ready to Program
VISA Master Card American Express
To Order Call 1-800-773-6698
Send Money orders to: Worldwyde.Corn,
33523 Eight Mile Rd 8A3-261. Livonia, MI. 48152

Visit us online http: //www.worldwyde.com

Vist Our E-Store On-Line!

NO

Why pay $100.00 or more for a "test" device
that someone else made? Make your own!
Includes complete source code and plans
for the most commonly used cable boxes.
Unlock all of the channels on your box!
Or start your own lucrative business!
$79.95
Complete source cod
Code for Individual boxes
$29.95

Smart Cards in BASIC

Boards in Minutes

household iron

alt.

www.mscelectronics.com

Transfer Film
1.

bugs.

up% Video Transmitters and wireless mimphones from
LED Bargraph and Audible alarm

VISAMCMoney Orders US & Canada Only

Press -n-Peel

Or Photocopy
* *Use standard

RF

SMhz to 2

800 -830 -9195

8.5" x 11" Shts.

RF

Mini Bug Detector up to 2Ghz $119

Gateway Products Corporation

PC

CABLE SECRETS!!!

Records both sides of conversation automatically

1511

Baaraetaae Is lay Its awl way An 5th, MINN-1517

Visit us at www.smithy.com

Sand Money orders lo: Worldwyde.Com.
Mile Rd #A3 -261, Livonia, MI. 48152
/ /www.woridwyde.com
us online

33523

'Melt

Eio4ht

htt:

www.jm-micro.com
PIC In- Circuit Emulator
for the PIC16Cxx

from $295

PIC Programmer
$155
800552 (8051) Development
Training System

$235

68HC11 SBC
$120
ROMY-16 EPROM Emulator
from $195
Universal Microprocessor
Simulator/Debugger (including
Assembler, and Disassembler)
$100 each CPU

J&M Microtek, Inc.
W Orange, NJ 07052
Tel:(973)325 -1892 Fax:(973)736-4567
83 Seaman Rd,

The Hack & Crack Bible

ABC ELECTRONICS 315 7TH AVE N. MPLS. MN. 55401
(612)332 -2378 FAX (612)332 -8481 E- MAILSURP1 @VISI.COM
WE BUY TEST EQUIPMENT AND COMPONENTS.
VISIT US ON THE WEB AT WWW.ABCTEST.COM

on CD -ROM

Includes all Software, Documentation.
Plans, and PCB Layouts!
Unlock the secrets of:
DSS & Smart Cards

-Programming & Schematics
Cable Test Devices

Only
$2995

Sony Playstation

5 L50IA 100MHZ. L)IGfI'IZINU SCOPE
IiP54201D300MHZ DIGITIZING SCOPE
VIP 54201A 300MH'Z DIGn'IZING SCOPE
HP 5.1200A 50\iHZ SC'OPE1VAV1:'FORkf ANALYZER

HP

I' 3312A 1351HZ FUNCTION GENERATOR
1'l' 5370A 10041HZU:f.I. COINTER
II' 35136C LEVEI. METER
IP 136:\ POWER METER W ( ) SF.NSORRCABLE
HP 835011 SWEEP OSCILLATOR MAINFRAME
I '
137A 3.5DIi ìIT SYSTEM \'01.T MEIER
I

-Mod Chip /CD Backups /Emulation

I

I

Backup Sega & SNES Console Cartridges

I

Emulation on your PC or Mac
Warez - where to find them on the Internet
Sege & SNES

I

Ili'
p

Cellular Hack/Phrenk /Mod

PC

&

r,

i P

.

3155A DIGITAL MUI.TIAtEIFR
3150A DIGITAL b1U1: FIME:1 ER

3336' SYNTHESIZER'LFVFI.GENERATOR
HEWER FUNCTION GENERATOR

HP 4935ATRANS.IMPAIRMENI'TEST SET
HP 5006A SIGN MIRE ANALYZER
HP 86602B l MHZ: 1300MHZ RF PLUG
FIP 575 MICROWAVE COUNTER

51000.00

$'00 .00

FLUKE 95 50MHZ SCOPEMETER
LECROY 7200 100MHZ 0-SCOPE
TEK 475 200M11Z 0-SCOPE
TEK 165 100MHZ 0-SCOPE
TEK 496P Ih HZ- I.8GHZSPEC ANALYZE R
TEK 1240 LOGIC ANALYZER
TEK Tí)5320 100MIIZ 1)131TAI.O -SCOPE
TEK I 1401A 00MHZ °Riki0-SCOPEFRAME
TEK 7854 400MHZ OSC"II. LOSCOPE FRAME
TEK "904400MIIZOS('I!,LUSCOPP: FRAME
fEK 'Mn 200MHZ. VERTU., Al. Pi. (J
TF.K'A2.1 100MHZ VERFIC'AL PLUG
TEK 7B80 400MHZ'IIME SASE
TEK 7B92A 500MHZ DIi.AL TIME BASE
TEK 712 SAMPLINLI PLUG

$250.00
$400.00
$750.00
$500.00

$200000
$25000
$25000
S-100.00

5800.00
$1000.c0
IP 53.3SA 200111IZC'Ot:N1ER
$600.00
H!' 8In5A PRCri71'i',MMABLE SIGNAL SOURCE
$1100.00
I! l' 85585- 181 100K-1 Sx)MH/. SPECTRUM ANALYZER 51000.00
Ii1'S55WIliIri310MH?::'_IGHZSPEC'1RI:11.\`:ALY7.ER $3000.00
III' '.ICA IOOMEI7 OSCILLO S..1.81
$250.00
IIPn03.tAtiOVlk'-IOA POWER SUPPLY
$750.00
ilP u2o9H 10ó1k:'-50A POWER SUPPLY
$80000
11P 6553A 40VfX'-12 5.\. POWER SUPPLY'OP'F.JOI
$1200.00
HI' on32A 20VIX'-5:5 POWER SUPPLY
$500.00
HP 6o13 4 15VLk'-1 3A Pt AVER SI1P1'1.1' UPT .JC13
$ 750.00
I

And Much ,if,e

I

5130060
$100000

HP 3325A SYN1

//

Mae Compatible Cl) -ROM

r':sr''
osti Worldwyde

@

<!rc

°is
_

íur_,;.'

1.800- 773.6698

21345 Randall Street Farmington Hills, Ml 48336
Visit us on the web at www.worldwyde.com/haek

BUGGED ??
EAVEWROPPWG is unbelievably widespread) Electronic
Devices with amazing capabilities can be monitoring your
telephone and room conversations RIGHT NOW) Are you
sure you're safe? FREE CATALOG tells Kou fast! Includes
Free Bonus details on fantastic opportunities now open in
Counter -Surveillance field. Exciting, immensely interesting
and EXTREMELY profitable (u to 0250 hr) full /.art-time
income. Call Now)

I

PC BOARDS
Low Cost, Precision -Made PC Boards
From Your Gerber/NC Drill Files
Pat year CAD
program to

$1000.00
$500 00

$40000
$3500.00
$750.00
$1100.00
$750.00
5500.00
$250.00
$75.06

$1500)
$15.00
$125 0C

$250.00
10KHZ -I 8GMl.SPF.C. ANALYZER
$1000.00
TEK A11503 CURRENT PROBE AMPLIFI:R
á250 00
WAVE EK 115 20MHZ PULSE/FUNCTION GEN. $400.00
WA \'ETFK 182A 4MHZ FUN(TP )N GEN.
$150.00
WAVETEK 955 - 5.1? 53HZ MICROSCLJRCE
$1100.00

ï

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 handling.Claggk Inc., PO Box 12162,
Hauppauge, NY 11788. USA
Funds ONLY! USA and Canadano foreign orders. Allow 6-8 weeks
for delivery.
MA01

Rooting

www.pebmiHlRg.com

5150.00
$400.00
$1500.00
5550.00

TFK'LI4

Miniag
Drilling

work for yes!

$90000

FAX: (703) 818-0071

-

Turn Your Multimedia PC into a Powerful

Real-Time Audio Spectrum Analyzer

CABLE BOXES

Features
20 kHz real-time bandwith
Fast 32 bit executable

f

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

FREE CATALOG
30 DAY MONEY BACK
GUARANTEE

L_WWWCAIVBOXES.COM,

1 -800- 765 -4912

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

Priced from $299
(U.S. sales only

Pioneer Hill Software
24460 Mason Rd.
Poulsbo, WA 98370
a subsidiary of Sound Technology, Inc.

102

- not for export/resale)

DOWNLOAD FREE 30 DAY TRIAL!
www. spectraplus. corn

Spectra Plus

PHS

Sales: (360) 697-3472

" WE'LL BEAT ANY PRIC
1 YR WARRANTY

FFT Spectral Analysis System

Fax: (360) 697-7717

e-mail: pioneer@telebyte.corrf

www.americanradiohistory.com
AmericanRadioHistory.Com

3

Axis Motion Control System
Complete, ready to run

s 295.00.

12.00 ív11

Build or adapt CNC mills. CNC routers, Robots. Etc.
Includes: 3 Stepping motors (70 oLin 200 steps/rev).
External board (connects to parallel port of a PC). Power
supply. Cables, Manual and the MAXNC drive software.
with linear, circular and helical interpolation, acceleration
deceleration, full contouring, 'G' code programming.
screen plot, code generation from CAD (CAM), and more.
For more information,
phone or write to:

MAXNC
6730 West Chicago
Suites 2 & 3
Chandler, AZ 85226
Ph (480)940 -9414
Fax (480)940 -2384

FROM!
ALARMS - ACCESS CONTROL - SECURITY CAMERAS - RECORDERS - OVER 50 BRANDS TO CHOOSE
REAL TIME
QUADS
WIRELESS

$69

C,'CS MOUNT

$89

CAMERAS

$145

VWVW.CCtVCO.COin
OUTDOOR
BULLETS

MONITORS

/WIRELESS

MINI

DOME

aa

$79

$59

CCTV OUTLET

1- 800 -323 -8746

INTERNATIONAL DISTRIBUTORS

While speeding treatments and cures for neuromuscular disorders,
advances made by MDA researchers also have enhanced therapy
prospects for heart disease, cancer, arthritis, Alzheimer's and AIDS.

(800) 572 -1717

Giving to MDA makes a world of difference.

BREAST CANCER BEGINS
EVEN SMALLER THAN THIS.

THAT'S WHY YOU
NEED A YEARLY

OALLY
MAMMGRAM,

CABLE

earn to Hack!

N BOXES

AS
ESPECI
YOU GET OLDER.

MAMMOGRAMS

(WE'LL BEAT ANY PRICE!)

CAN DETECT
LUMPS TOO

30 DAY TRIAL' 1YR. WRNTY. TREE CATALOG
OTY. DISCOUNTS DEALERS WELCOME!

SMALL FOR
YOU TO FEEL

AND EARLY
DETECTION

1- 800 -785 -1145
HABLAMOS ESPANOL

7*1

C.O.D

PRIVATE CABLE SYSTEMS

MAY SAVE
YOUR LIFE,

SO CALL

23451
GE!AEWYYOGEAIL
EARLY DE!6L710N SERE BES! MOTEl7IDN.

Wireless & Electrical
Cyclopedia]

ü6 ETT1-Wireless & Electrical
I,q,.JI Cyclopedia $4.99. Step
back to the 1920's with this
reprinted catalog from the
Electro Importing Company.
Antiquity displayed on every
page with items priced as
low as 3 cents. Product
¡A' -+,e
descriptions include: Radio
components, kits, motors
and dynamos, Leyden jars,
mikes and more. The
carbon
meters,
hot-wire
perfect gift for a radio antique collector.To order
ETT1, send $4.99 (includes sáh) in the US
and Canada to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park, NY 117620240. US funds only. Use US bank check or
International Money Order. Allow 6 -8
weeks for delivery.
MA11

MUSCULAR DYSTROPHY
ASSOCIATION

4(32

The Happy Hacker is nothing less
than a step -by -step, easy to follow
course on computer hacking. In it you'll
learn all the ins and outs of hacking like
the pros. You'll also learn how to hack
safely, without getting busted or fired.
This brand new 3rd edition has it all!
Everything from breaking in to computers
to hacking web sites, forging email - you
name it!
SHIPPINC3
PACE PAPERBACK, $3.9.

95

$3

The Hacker's Companion CD -ROM is chock
full of hacking software and information. It
includes everything from phones, cellular
and satelite hacking to password
crackers, war dialers, sniffers and
exploit programs. Even a video of dutch
hackers breaking into a classified US
excellent
An
computer.
military
companion to the Happy Hacker, includes
many of the programs discussed there.
Brand new for the year 2000!

PC CD-ROM, $29.95,

SHIPPIN3

$

Or call or write for FREE CATALOG of hard -to -get information
about computer viruses, computer hacking, security and
cryptography!! Check our web site www.ameaglepubs.com for
lots more about these books and CD's!

American Eagle Publication, lnc.
P. a gox 1507, Dept E.
Show Law, AZ 85902
(800)719 -4957

CIRCLE 315 ON FREE INFORMATION CARD
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CLASSIFIEDS
BUSINESS OPPORTUNITIES
$400 WEEKLY ASSEMBLING electronic
circuit boards/products from home. For
FREE information send SASE: Home
Assembly -PT Box 216 New Britain, CT
06050 -0216.

CABLE TV
CABLE TV Descramblers. One -piece units.
Scientific Atlanta, Jerrold, Pioneer, and others.
Lowest Prices Around. Precision Electronics
Houston, TX Anytime. 1- 888 -691 -4610
PAY TV AND SATELLITE DESCRAMBLING
2001 $18.95. Hacking Digital Satellite Systems
IV $29.95. Complete PayTV Series CDROM (Vol. 1 -11) $59.95. Scrambling News

Online includes piracy $59.95/yr. Everything
above $99.95. SCRAMBLING NEWS. 863646- 2564. www.scramblingnews.com

Descramblers, Converters, Activators,
Rft's, Ftg's, Bullet Snoopers. All Options
Explained, Best Prices, Services, 2 yr.
Warranty, Free Catalog. 1- 800 -854 -1674
www.resourceleader.com /aapc
NEW! Jerrold and Pioneer wireless test
units $125 each, also 75DB notch filters
$19.95 each, quantity pricing available
please call KEN ERNY ELECTRONICS 24hour order and information hot line 516389 -3536.

ALL CABLE TV BOXES & POLICE
RADAR JAMMERS! WE'LL BEAT ANY
PRICE. 30 DAY TRIAL! FREE CATALOG!
www.tvconverters.com 1- 888 -211 -7543.
ABSOLUTE BEST PRICES ON CABLE
TV BOXES! FREE 30 DAY TRIAL! 1 YEAR
WARRANTY! FREE CATALOG. 1 -888242 -0539

CB- SCANNERS
CB Radio Modifications! Frequencies,
kits, high -performance accessories, books,
plans, repairs, amps, 10-Meter conversions.
The best since 1976! Catalog $3. CBCI, Box
1898P, Monterey, CA 93942. www.cbcintl.com

COMPUTER SOFTWARE
FREE Catalog!!! CD-Roms and software.
MOM `N' POP'S SOFTWARE, POB 15003 E, Springhill, FL 34604. 1- 352 -688 -9108.
momnpop@gate.net.

MISC. ELECTRONICS FOR SALE
T & M ELECTRONICS. Large variety of
electronic parts since 1966. Visit our Web
site at www.tandmelectronics.com

PLANS -KITS -SCHEMATICS
ELECTRONIC PROJECT KITS: $3.00 catalog. 49 McMichael St. Kingston, ON., K7M
1 M8. www.qkits.com
QUALITY KITS
AM Tube Radio Kits. TRF and Superhets.
Visit our website at www.ghostmoon.bigstep.com

-

SATELLITE EQUIPMENT
FREE Satellite TV Buyer's Guide. Best
Products Lowest Prices Fastest Service!
Dish Network, DirectTV, C /Ku -band, including 4DTV. Parts- Upgrades Accessories!
SKYVISION - 800 -543 -3025. International
218 -739 -5231. www.skyvision.com
Cable Descrambling Secret Manual $14.95.
DSS Hacking. Program "smart cards" with
pic 16C84, PCB, DSS schematics $16.95.
Software $25.00. NEW! Software to activate the new DSS "H" card $29.95.
CABLETRONICS, Box 30502 Bethesda,
MD 20824.

-

-

TEST EQUIPMENT
Browse our Web site and check out the
"Monthly Special ". TDL Technology, Inc.
www.zianet.com /tdl
Test Equipment Sale! Complete listing at
http: / /www.astglobal.com or call NOW to
receive list by fax or mail AST GLOBAL
ELECTRONICS: Voice 888 -216 -7159; Fax
814 -398 -1776; e -mail: sales @astglobal.com

Poptronícs

FACTCARDS

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 circuit /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 knowledge of electronics? Do it the easy way

r-

.a
Jampacked with
information at your

fingertips

104

-

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 projects 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 tor
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.

Detach and mail today:
CLAGGK Inc.

(Name)

RO. Box 12162
Hauppauge, NY 11788

(Street Address)
(City)

(State)

(Zip)

All Payment must be in U.S.
Funds!
BS168

Inc.
Gernsback Publications,
Hauppauge
NY 11788

275 -G Marcus Blvd.

POPTRONICS®
CLASSIFIED ADVERTISING ORDER FORM
Advertiser Information

Payment Information

Name

Charge my:
Master Card

Company
Street Address
City /State /Zip
)
Telephone (
Signature (required on all orders)

Visa

Li Discover

Account No.
Exp. Date

'

Full payment enclosed. Prepayment discounts offered
for multiple insertions (except on credit card orders).

Payment for first insertion enclose; additional payments

be made prior to closing dates. Prepayment
n will
discounts not available.

Do you want any special options? (where available)

-

Screened Background Add 30%
Boldface Type* Add 25% for entire ad
Special Heading Add $35.00
The first word of your ad and your name will be printed in boldface caps, at no additional charge.
For individual boldface words, add .500 each.

-

In what month(s) would you like

your ad to run?

Entire year for publications selected above.
Jan.

Feb.

Mar.

Apr.

IMay.

I

June E

my

Aug. Sep. Oct. Nov. Dec.

Here's how to calculate the cost of your Regular or Expanded -Ad Classified:

X Number of Months =
Rate X Numbers of Words + Rate for Boldface + Rate for Screened Background = Cost per Insertion

Cost

Rate

Magazine

Number
of Words
x (min. 15)

+

Boldface
(add 25 %)

X

+

Screened
+ Background
(add 30 %)

Cost Per
= Insertion

Number
x of Months

=

+

=

x

=

Cost

Rates:
$3.50 per word
Minimum 15 Words

Here's how to calculate the total cost of your advertising:
Subtotal

Prepayment Discount:
(Full payment must accompany order, not applicable on credit card orders)

Prepay for

ri

6

insertions in one magazine, 5%

H12

insertions in one magazine, 10%

Less Prepayment Discount
TOTAL COST S

may have.
Please use a separate piece of paper to write your copy, or for any special instructions you

HAVE A QUESTION? CALL: 1- 631 -592 -6720 ext. 206
Fax signed orders with credit card information to : (631) 592 -6723
www.americanradiohistory.com
AmericanRadioHistory.Com
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ADVERTISING INDEX

ADVERTISING SALES OFFICES

Poptronics does not assume any responsibility for errors that may appear in the
index below.
Free Information Number

-

Abacom Technology

268

AK Peters

92

215

All Electronics

315

ABC Electronics

Free Information Number

Page

Lynxmotion

92

78

MAX Research

100

-

M2L Electronics

78

95

160

MCM Electronics

99

Allison Technology

76

250

Mendelsons

96

Amazon Electronics

100

296

Merrimack Valley Systems

97

American Eagle Publications

103

Microdev

70

microEngineering Labs

86

Midwest Laser Products

94

Modern Electronics

96

Mondo- tronics

78

Mouser Electronics

72

Andromeda Research

102

96

Arrow Technologies

86

295

AVEN Tools

93

311

Berkeley Nucleonics Corp.

80

-

Big Bang Electronics

75

319

Beige Bag Software

87

220

290

C &S Sales, Inc.

84

-

MSC Electronics

-

CCTV Outlet

103

257

Parts Express

89

133

CircuitMaker

CV2

-

PC Boards

96

233

Circuit Specialists

71

-

Pioneer Hill Software

300
219

CLAGGK, Inc

-

15, 26

-

Cleveland Inst. of Electronics

231

Command Productions

70

232

Command Productions

90

....35

101

73

-

EDE Spy Outlet

72

246

Resources Unlimited

88

210

Electronic Design Specialists

98

130

Electronic Workbench

-

Electronic Tech. Today

RobotiKits Direct

87

Roger's Systems Specialist

72

Securetek

90

82
98

Engineering Express

90

Scott Edwards Electronics

96

Foley -Belsaw

79

Sil Walker

74

Fort777.com

81

Smarthome.com

94

76

Smithy Company

101

86

Howard Electronics

91

225

Information Unlimited

83

-

Intec Automation

-

Intronics

309

100

Electronix Express

Grantham College of Eng
237

Rigel Corporation

EMAC Inc

Globaltech Distributors

IVEX Design

J &M Microtek

100
88
77
101

Square

1

101

Electronics

92

Suburban Electronics

82

-

Techniks

-

Technological Arts

86

313

Test Equipment Depot

94

217

Tie Pie Engineering

74

242

Timeline

80

-

UCANDO Videos

76

Vision Electronics

78

101

139

Jameco

-

Jensen RooIs Co.

74

World Star Technologies

KNS Instruments

88

World Wyde

CV3

Advertising Director (ext. 206)

Adria Coren
Credit Manager (ext. 208)

For Advertising ONLY
EAST /SOUTHEAST
Marie Falcon

70
100

-

Marie Falcon

Print Products Int

Ramsey Electronics

101

Vice -President (ext. 267)

98

263

Future Horizons

Ken Coren

Prairie Digital

78

Gateway Products

Vice President (ext. 208)

MI DWEST/Texas /Arkansas/

Conitec Data Systems

318

Adria Coren

69

-

308

Publisher (ext. 201)
e -mail: advertising@gernsback.com

Polaris Industries

RC Distributing Co

44

Larry Steckler

102

-

CV4

Hauppauge, NY 11788
Tel. 631 -592 -6720
Fax: 631 -592-6723

275 -G Marcus Blvd.
Hauppauge, NY 11788
Tel. 631 -592 -6720 x206
Fax: 631 -592 -6723
e -mail: mfalcon @gernsback.com

Computer Monitor Maintenance 100

205

106

Page

Gernsback Publications, Inc.
275 -G Marcus Blvd.

100

100,.101, 102

Oklahoma
Ralph Bergen

One Northfield Plaza, Suite 300
Northfield, IL 60093 -1214
Tel. 847 -559 -0555
Fax: 847 -559 -0562
e -mail: bergenrj@aol.com

PACIFIC COAST

Megan Mitchell
9072 Lawton Pine Avenue
Las Vegas, NV 89129 -7044
Tel. 702 -240 -0184
Fax: 702 -838 -6924
e -mail: mmitchell@gernsback.com

Subscription/
Customer Service/
Order Entry
Tel. 800 -827 -0383
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-
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inegtal Part of Your Production
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*FREE
Virtual Lab with
Poptronics Circuits
Check out the circuits from recent
issues, including this month's!
Tweak the circuits and see the

instruments respond instantly.
Download the Multisim demo with
pre-built Poptronics circuits from
www.electronicsworkbench.com/poptronics

I_.=--6,
o

Electronics Workbench

recognized around the
globe for developing highly advanced, yet easy-touse electronics software. Over 150,000 users tell us
that they have completed projects using Electronics
Workbench in less time than it takes to even install
other programs.
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And now we've just released Version 6.2! If you've
never tried electronics simulation, this is your chance you can now have your very own virtual lab! Work
on your own or create circuits together with others
across the country - live on the internet. Start with
the FREE Electronics Workbench /Poptronics demo
and then take advantage of this best price ever when
you buy. Tried other products? You owe it to yourself
to experience what only the market leader can offer there is no comparison. And if you own earlier
versions of Electronics Workbench, call us now for
upgrade pricing starting at just $149!
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BEST PRODUCT! BEST PRICE!

M
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ltI I
Schematic Capture & Simulation

U ItI BOARD
Powerful PCB Layout

$1',',

$21',

or get BOTH
products for $49

Intuitive auto & manual wiring (no toggle)

Reroute while move (full rubberbanding)

To order, or to find out why
our products are the most
popular in the industry, call
1-800-263-5552 or visit

Change circuits while simulating

Built -in autorouter

www.electronicswoticbendi.com

Mixed -mode SPICE analog /digital simulation

Real -time design rule check

(FREE demo available)

Built -in symbol and component editor

Automatic net highlighting (selective)

Multisim Highlights

Ultiboard Highlights

Advanced schematic capture

Parts organized into bins (no alpha lists)

Don't settle fora program that has
less than:
6b00 parts in component database
9

virtual instruments &

8

powerful analyses

Interactive design on the Internet
OLE

integration with Excel /MathCAD

Powerful & easy-to -use PCB layout & editing

Density histograms/placement vectors

Don't settle for a program that has
less than:
3,000+ library of footprint shapes

Capability for boards of any shape, up to 50"x50"
32 layers
1

support

nanometer internal resolution

CIRCLE 130 ON FREE INFORMATICN CARD

Electronics
w o RKB

E N C

