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. 6-68-pin SCSI-2 slot cabinets + 2 bays
for power and I/O (SCSI3)

• Can be rack mounted, IEC pwr conn.

• HSC 90-day warranty

HSC#80649 $49.95 HSC# 19704 $29.50!

• High quality cabinet

• Extra cooling fan

. 200-watt fan-cooled supply

• Std. D25 rear panel conn.

• SCSI ID switch included

• New, HSC 90-day warranty

HSC#19703 $24.95

.It's the annual September blow out
all three stores! Tons of barg ains !...

• Free refreshmentsl

• MapsID irect io ns @ www .halted .com

• Great buys...each, by the pound, by
the pallet. ..more l

• Sat. Sept 20th @ 9 amll

• DON'T MISS (Til

Wireless!...Wireless!....Wireless!...Wireless!
Cordless LAN products for your home or office!...

Wireless PCI Card! PCMCIA LAN Card!
. <>- I

'-ZJ
HSC# 19743 $19.50 HSC# 19737 $19.95
IHSC Deall ..Buy 3 or more Proxlm Products & We Knock Off 20% Of ThalTotalll l

Wireless Gateway! Wireless Bridge!

$29.50 HSC# 19744
• Compact design - perfect for notebooks

• Dual-speed 10/100 RJ45 jack

• Fully compatible with LinkSys & others

• USB port-powered

• Link & activity LEDs

• New, w/cable, 90-day warranty

Multi-Flash Reader!!
• This CompactFlash reader also reads

MMC/SD, SmartMedia & Memory Sticks!
• Three adapters included!

• Order IDE or USB version

• Std. 3.5" bay mount!

• New, w/CD & cables

• Check the price ll

~~g: 38183 J~~ ~~~~lg~ $29.50!

Network Adapter

HSC#19335 $17.95!

$29.95

• Proxim 'Symphony' series...

• 2.5GHz • 1.6Mpbs
• Range: up to 150 feet

• Symphony & HomeRF compliant

• Boxed, w/CD, manual, 90-day warranty$24.95

HSC# 19745

Cordless USB Adapter!

~
HSC# 19738

Win-based Terminal
• WYSE 'Winterrn 2315SE'

• Virus-proof - high security

• Easy access to server apps.

• Up to 32 users/servers, tiny footprint

• Std. VGA & 1OBaseTnetwork conn.

• Mouse, keyboard & power supply incl!

HSC# 19346 $39.95

Disk Drive Deal!
Quantum 18GB SCSI-3

• Model No. QM318200TD SCA Drive

• Wide to std . SCSI adap ters - $7.501
Mention HSC#SCS3700 on order.

• HSC 90-day warranty

Blowout Specials!!...
.,
I

AC/DC VHF Video Player Keypad Mouse 20x4 LCD
#19048 sro.oo: #80539 $3.00! #19399 $7.00

Lowest Prices Ever!!

..

• 'CommandPost' consolew/pro-features

• Powerful editing, loads of features

• Edit video like the prosl,..

• Swirl, ripple, fade,
shadows, animations!

. 2 CDs w/tons of templates

• New, retail boxed, 90-day warranty

420VAl252W UPS!
• Powerware 3115 Series '3' Protection

• Includes power management software

• User replaceable batteries

• User selectable voltage ranges

• New, boxed, 90-day warranty ___

• For PCs, workstat ions, networks...more!

• Spec ial!l ...3 for $99.00l !...

HSC# 19346 $37:50!

VideoWAVE Editor!

PCMICASCSI
#19160 $35.00

200W
Power Supply
#18267 $8.00

80W Power Supply
#18415 $5.00

50 Watt Woofer
#19623 $8.001

Internet Video Phone
#19442 $5.00

4.3GB SCSI HD
#18412 $10.001

9.1GB SCSI HD
#18753 $14.00!

7-Bay Cabinet Dot Matrix Display
#80544 $20.00 #19429 $8.00

500W Transformer

• 11OVAC input, 0·130VAC out @5A

• T' diameter (8.5" w/ext) 6.5" high

• Large knob and scale settings

• Illuminated power switch ... g~

• New,90-day warranty fV!
HSC#AEEC590 $45.00!

DVM wrtm-c» Display '

• 3 1/2 digit display, 0.5% basic accuracy

• ACIDC , volts, current, capacitance,
frequency, temperature & HFE

• Compare at prices of $70, $80 & up!

• New, 9Q-day warranty

HSC#AEEC2890 $39.95

Lab-Quality Supply
. 5-50VDC @ 3Amp

• 11OVAC, 60Hz, 150VA, fused

• Dual digital displays for voltage/current

• Short-circuit protected

• New, w/pwr cord, manual

• 90-day warranty

SmartCard Reader
• Fits in PCMCIA slot

• For sensitive files/databases

• Personal access security system

• Restricts unauthorized access

• Comes with 2 cards, diskette, manual

• New, retail-boxed, 90-day warranty

Hitachi Color Camera
(lens not included)

• Model No. Kp·D580

• .02 - 100,000 lux I

. 480 x 350 TV lines

. 768 Horiz. x 494 Vert. 12VDC @480mA

• Power supply, operating manual incl.

• Brand new , boxed, 90-day warranty

• Power supply & fan incl.

. 20mW - brilliant blue beam!

. 208l220VAC - AC pwr cables not incl.

• Laser control diagram included

• Tested - from wkng service. 30-day warr.

$19.95 HSC# KPD580 $495.00! HSC# 19762

95051

3 RetaillWholesale Locations:
Main Office-Mail Orders...
3500 Ryder St. Santa Clara , CA
Santa Clara 1-408-732-1573
Sacramento 1-916-338-2545
Rohnert Park 1-707-585-7344

Since 1963! ...

Silicon Valley's Electronic Marketplace
~ Order Toll-Free: 1-800-4-HALTED(442-5833)
~ or...ONLlNE, AT: www.halted.com

II
Terms: Some quantities limited; all items are subject to prior sale. Minimum orde r:

~," $10.00 plus shipp ing. Orders under $20.00 subject to $2.00 handling fee, irlJlQQi1iQn
~. All orders shipped by UPS Surface unless otherwise specified. $6.00 UPS
charge added for COD. Visit our website for detailed information on domestic and
international shipping methods.
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The birth of enhanced content video distribution nearly
20 years ago.

Working with interva imers; avoiding data collisions
in asynchronous implementations.

ELECTRONICS Q&A
What's Up: Lots of little circuits . along with some more
serious designs. TVI filter for taxi noise and a subwoofer
filter. Video fade to black control and three-lead fan
explained. Reader fixes flaw in June's gameshow buzzer.

For Design Engineers facing real-world problems. This
month: A primer for technical writing and professional
communication.

LASER INSIGHT
Plumb the water cool ing system and wire up the safety
interlocks on the high-voltage power supply.

Dig a little deeper into the Playstation© hand controller
interface.

Choosing the correct battery for your mechatron.

IN THE TRENCHES

MICRO MEMORIES

From voltage dividers to transfer functions on op-arnps,
why basic knowledge is foundational to higher
understanding.

LET'S GET TECHNICAL

ROBOTICS RESOURCES

STAMP APPLICATIONS

New "World's Fastest PC;" Commodore still refuses to
die; Wou ld you like Internet with that Big Mac©l;
Photocells for a variety of sensing applications; Yahoo!
profits higher ; and Spam costs $874.00
per employee.

TECKNOWLEDGEY 2003

Nuts & Volts(ISSN IS28·988S/CON Pub A(Teello40702Sl0) Is published monthly for
$24.95 per year by T & l Publkations.lnc.•4JO Princeland Coun.Corona. CA 92879.
PERIODICALSPOSTAGE PAID ATCORONA.CA AND AT ADDITIONAL MAILING
OFFICES. POSTMASTER:Send address chan&et to NUh &-Volts, 430 Prine.land Court.
Corona, CA 92179·1300 or Station A.P.O. Box 54.Windsor ON N9A6JS.
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Finish off the PCB and build the wooden case for this
wonderment of horology.
by John Corter

These clever circuits overcome the typically flat response of
sound -actlvation and pseudorandom flickering effects .
by BI/ISheets and Rudolf Graf

Learn how to use locked anti-phase PWM control to
magnetically float common household items .
by Guy Marsden

LEVITATION!

BIPOLAR TRANSISTOR
COOKBOOK

PATENTS 101
An introduction to the ro le of the US
Patent and Trademark Office and what
your government can do for you!
by Danny Graves

Common-emitter circuits as voltage amps
and common-base cascode des igns.

by Ray Marston

BUILD THE BEN CLOCK-PART II

LAMP CONTROLLERS FOR SFX51

105 Advertiser's Index 92 News Bytes
75 Classified Display Ads 40 NV Bookstore
10 Electro-Net 7 Publisher's Info
68 Electronics Showcase 6 Reader Feedback
42 New Product News 20 Tech Forum

62

70



FIRST robotics volunteer judge since
1999. The goal of FIRST is to inspire
students to study hard sciences and
the meth od is to pair them with adult
mentors to so lve p roblems. Nuts &
Volts readers are the id eal ro le models!
So as th e nex t even t seaso n looms,
consider visiting www.usfirst.org to
f in d a loca l team an d get involved.

Dan Danknick
NV Technical Editor

SEPTEMBER 2003

He nry Garrett
via Inter net

Dear Nu ts & Volts :
I have enjoyed Nuts & Volts over

the years very much. It has always
seemed like a magazine mo re on the
cutting edge than other electronics
mags by presenting electronic articles
that go beyond the norm of "here it is,
this is how it works " to articles that
describe the inner workings and ideas on
how to improve/modify th ings .

Nuts & Volts always seemed like
the kind of magazine you would find at
hamfests and com puter fest s . Not
something you'd find on a local grocery
store rack . . Always technically
stimulat ing , N uts & Volts always
seemed to offer a look into the working
electronics that a serious hobbyist could
appreciate.

I've learned something from every
issue that I've read. I have all my copies
of Nuts & Volts in my bookcase for
reference material. Where else can you
find information on robotic s, lasers,
BASIC Stamp applications, theory of
operation , etc. , all in one magazine?

I do like the new size, it fits into my
bookshelf better. Please don't start
watering down the issues just to attr act a
wider audience. Your magazine fits a
niche , and is well regarded in the
electronics field. Too many magazines
spread the mselves th in, try to cover
everyth ing , and wind up being the same
old crap every month.

A quarterly robotics issue I think will
be great, but don 't become just another
robotics mag. Being a ham radio
operato r, some ham radio articles would
be nice . Also home security, solar, basic
electronics theory, maybe some
computer ar ticles also.

Bottom line: You have produced a
GREAT magazine over the years and I
guess a lot of us have put your magazine
up the re as a standard to judge others
by. Keep it up. I look forward to opening
the ma ilbox each mo nth and finding
Nuts & Volt s inside.

are looking at your magazine to get into
the field) , but rat he r articles like
"Understanding and Using 'OTA' Op­
Amp ICs" Parts 1 and 2 by Ray Marsto n.
It has a good mix of theory, explanation,
and application. I'll be renewing my
subscription , of course, and look forward
to your articles for years to come.

J oel Peavy
San D iego, CA

Dear Nuts & Volts:
I am saddened by the demise of

Pop tronics, as well. Along with
Electro n ics Now , that's two majo r
points of view in the hobby electronics
world we've lost in the US. As great as
Nuts & Volts is, it can't hope to cover it
all. As for the changes to Nuts & Volts,
this is not a good sign. I liked the larger
format. Half of the content had to be
tossed out, in pa rticular I like the text
classified ads with a lot of interesing
stuff. The curre nt space ads do n't
compare. I am shocked to find that
Pop tron ics only had a subscriber base
of about 70 ,000. Even in just the US, this
seems like an incredibly small number.
Add this to the changes to Nuts & Volts,
and it looks like the letter last year on the
demise of electronics as a hobby must
be true. Microcontrollers and surface
mount have invaded it, but 95 pe rcen t of
all of my projec ts are still thru hole. I
only use SMD on a few because of the ir
special use and because I simp ly am
interested in us ing them. Maybe it' s time
to get schools to recognize the
importance of electronics , science,
computer, and math classes to the
future of this country's eng ineers.

Rick Detlefsen
via Internet

I agree wi th Rick th at our
technological future lies in the minds
ofstuden ts and that is why I've been a
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byJ.Shuman

Dear Nu ts & Volts:
I was a little confused as to why

Nuts & Volts showed up at my doorstep
a few months back, but one call to a
defunct Po ptronics phone number
tipped me off. I'm very sad to see
Gernsback Publications close its doors,
having been a subscriber to Popular
Electron ics and Radio Electronics
(a .k .a. , Electronics Now, a .k.a .,
Poptronics) for many years. Having
Nuts & Volts "foisted" on me with no
warning , I looked through it with a
suspicious eye. Boy, was I pleasantly
surprised! What a great magazine!

I can remember getting a free copy
of Nuts & Volts in the late eighties (back
when it was done on newsprint!) when
visiting the local electronics swap meet
that met early Saturday mornings in the
General Dynamics parking lot in
Ontario, CA. The magazine I've been
recently recei ving in my mail box is sure
a shined and polished version from what
I remember! Let's see, what do I like, not
like, and would like to see? Well, there's
not too much I don't like. I think you
have a pretty good mix of stuff. I'm not
too crazy about the Stamp (only)
section. I would like instead to see an
Embedded Systems section that's more
broad and could encompass more than
just the BASIC Stamp every month
(oops, at least I think it's the Stamp each
month. If not , please excuse me !).

I kn ow an author can't know
everything about every microcontroller,
so getting a variety of projects each
month for various micros could be a
problem. But I'd love to see a PIC one
month, an AVR another, and maybe even
something from the 68000 family!

I also like the articles that get 'techy'
and explain concepts, device families ,
operating pr inci ples , etc. Not Basic
Electronics 101 (although you need, and
already have , that too for those folks that
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Touch Switch
Touch on, touch off, or momentary e t;.~
tou ch hold, your choice! Uses CMOS
te chnology. Runs on 6-12 VDC and drives any
load up to 100 mAo
TSI Touch Switch Kit

~
Super broa dband preamp from
100 KHz to 1000 MHz! Gain is - ~

greater than 20dB while no ise is less
than 4dB! 50-75 ohm input. Runs on 12·15 VDe.
SA7 RF Preamp Kit $19.95

Encodes OR de codes any tone 40 .
Hz to 5KHz! Add a small cap and it
will go as low as 10 Hz! Tunable with
a p recision 20 turn pot. Runs on 5-12 VDC and
Will drive any load up to 100 mA.

TDI Encod er/Decoder Kit 59.95

Build anything from a time delay
to an audio osc illator using the
versatil e 555 timer chip! Comes
with lots of application ide as. Runs on
5-15 VDe.
UT5 Universal Timer Kit

Electronic Siren

Tickle-Stick

Produce s the upward and down­
ward wail of a police siren .
Prod uces 5W output, and will drive
any speaker! Runs on 6-12 VDe.

SM3 Electronic Siren Kit

~
Voice activate d (VOX) provides a
switched output whe n it hears a
sound. Grea t for a hands free PIT
switch, or to turn on a recorde r or light! Runs on
6-12 VDC and drives a 100 mA load.
VSI Voice Switch Kit $9.95

Supe r sensitive amplifier that will
pick up a pin dro p at 15 feet! Full
2 watts output. Makes a great "big
ea r" microphone. Runs on 6-15 VDC
BN9 Super Snoop Amp Kit

~~{Ifla . .
~i
obnoxious , repetitive "plink, plink"
sou nd! Learn how a Simple transistor
oscillator and a 555 timer can make such
a sound! Runs on 4-9 VDe.

EDFI Dripping Fa ucet Kit $9.95

~
Our # 1 Mini-Kit for 3 1 years!
Alternately flashes two Jumbo red
LED's. Great for signs, name bad ges,
model railroading, an d more. Runs on 3-15 VDe.
BLI LED Blinky Kit $7.95

Strappable to det ect any single
DTMF digit. Provides a closure to
ground up to 20mA. Conn ect to - •••••••••
any speaker, detector or eve n a phone
line. Runs on 5 VDe.

IT7 DTMF Decoder Kit $14.95

The kit has a pulsing 80 volt
tickle output and a mischie­
vous blinking LED. And who
can resist a 5li nkin~ light! Grea t
fun for you r de sk, 'Hey, I to ld you not to touch!"
Runs on 3-6 VDC
TS4 Tickle Stick Kit

Universal Timer

SALE !
EXpires 9I30I03

bl, I t, I t~1 t SALE!
Expires 9/30/03

Tunable AM Transmitter

Synthesized Stereo FM Transmitter

Tunable FM Stereo Transmitter
II' Tunable throughout the FM band, 88 -108 MHz
II' Settable rre-emphasis 50 or 75 IISec for worldwide operation
II' Line leve inputs with RCA connectors

The FM1OA has plenty of power and our manual goes into great detail out ­
lining all the aspects of antenn as, transmitt ing range and the FCC rules and
regulations. Runs on internal 9V battery, external power from 5 to 15 VDC,
or an optional 120 VAC adapter is also availab le.

FMIOA Tunable FM Ste reo Transmitter Kit
CFM Matching Case & Knob Set fo r FMI OA
FMAC "OVAC Powe r Supply for FMIOA

II' Fully frequency synthesized , no freque ncy drift!
II' Ideal for schools
II' Microprocessor controlled

Run your own radio station! The AM25 operates anywhere within the stan ­
dard AM broadcast band, and is easily set to any clear channel in your area . It
is wide ly used by scho ols - standard output is 100 mW, with range up to 1/4 mile,
but is jumper settable for higher output where regulations allow. Broadcast frequen­
Of is easily set with dip-switches and is stable without drifting. The transmitter accepts
line level Input from CD players, tape decks, etc. Includes match ing case & knob set and AC

AM25 Professional Synthesized AM Transmitter Kit

II' Frequency range 87.5 to 108 MHz
II'Variable I to 40 watt power output
II' Selectable IW or 5W i1rive

At last, the number one reques ted new prod uct is here! The
PA100 is a professiona l Cl.ua lity FM power amplifier with 30-40
watts output tha t has variable drive capabilities. With a mere one
watt drive you can boos t your output up to 40 watts! And this is
continuously variable throughout the full range! If you are curren tly using an FM
transmitter that provides more than one watt RFoutput, no problem ! The drive input is selectable
for one or five watts to achieve the full rated output! Features a multifunct ion LED display to show you out put
power, input drive, VSWR, temperature, and fault conditions. The built-in microprocesso r provides AUTOMATIC
protection for VSWR, over-drive, and over-temperature. The built-in fan provides a cool 24/7 continuous duty
cycle to keep your station on the air!

PAIOO 40 Watt FM Power Amplifier, Assembled & Tested $549 .95 $599l 5

II' Tunes the entire 550-1600 KHz AM band
11'100 mW output, o~erates on 9-12 VDC
II' Line level input With RCA connectors

A grea t first kitband a really ne at AMtransmitter! Tunable throughout the e ntire
AM broa dcast and. 100 mW output for great range ! One of the most popular
kits for schools and sco uts!
AMI Tunable AM Radio Tran smitter Kit
CAM Matching Case & Knob Set for AMI
AC125 I IOVAC Power Supply for AMI

II' Fully synthesized 88- 108 MHz fo r no drift
II' Line level inputs and output
II' All new desfgn, using SMT technology

Need profess iona l quality features but can 't just ify the cost of a commer­
cial FM exciter? The FM25B is the answer! A cut above the rest, the
FM25B features a PIC microprocessor for easy frequency programming with­
out the need for look-up tables or complicated formu las! The transmit Ire­
quencv is easily set using DIP switches; no need for tun ing coils or "tweak­
ing" to work with today 's 'digital' receivers. Frequency drift is a th ing of the
past with PLL control making your signal rock solid all the time - just like
commercial stat ions . Kitcomes complete with case set , whip antenna, 120 VAC power adapter, 1/ 8" Stereo to
RCA patch cable, and easy assembly Instructions - you'll be on the air in iust an even in !

FM25B Professional Synthesized FM Stereo Transmitter Kit

Professional Synthesized AM Transmitter



RXDA Receiver/D ecoder

If! 433 MHz or 916 MHz data transmission Now you can build those spe -
If! Factory assembled and tested! cial remote control prol'~cts in
If! Encoder/Decoder models for security issues! a flash, and have the u tirnate

in reliability...and security!
Unlike other units on the market , these units are crystal controlled for no frequen­
cy drift, yet are ultra small and very low power. These wireless RFlink boards are
perfect for any wireless application - sendi ng data, car alarms, door openers, home
security, electro nic monitoring...you name it. All modules are pre-assembled and
tes ted so you can start your project today! Two versions are available - 433 MHz
and 916 MHz,916 units can use sho rter anten nas (3 inches) an d are better in
high RF environments, while the 433 units have bette r range but need large r
ante nnas (7 inches) . NEW for 2003! A-Series modules include a programmable
dip switch for encode r/decode r sett ings, and common dual row pm-outs for easy
integ ration into your equipme nt!

RXD433A 433 MHz Receiver/Decoder Module w/Dip Switch
TXE433A 433 MHz Transmitter/Encoder Module w/Dip Switch
RXD433 433 MHz Receive r/Decoder Module, Assemllied
TXE433 433 MHz Transmitter/Encoder Module, Assembled
RX433 433 MHz Data Receiver Module, Assembled
TX433 433 MHz Data Transmitter Module, Assembled
RXD916 916 MHz Receiver /Decoder Module, Assembled
TXE916 916 MHz Transm itter/Encoder Module, Assembled
RX916 916 MHz Data Receiver Module, Assembled
TX916 916 MHz Data Transmitter Module, Assembled ""• • ~

If! Learn and build!
If! 130, 300 , & SOO In One !
If! Super comprehensive training manuals!

WhetherJou want to learn the basics of electricity, the theory of electronics, or
advance digital technology, our lab kits are for you! Starting with our PU30, we
give you 130 different electron ic projects, together with a comprehensive 162
page learning manual. A great start for the kids...young and ofdl Step up to our
PL300, which gives you 300 separate electronic projects along with 165 page
learning an d the ory manual. The PL300 walks you through the learning phase of
digital electronics. Ifyou're looking for the ultimate lab kit, check out our PL500.
Includes a whopping 500 separate projects , a 152 page starter course manual , a
78 page advanced course manual , and a 140 page pr ogram ming course manual!
The Pl 500 covers everything from the basics to digital programming! Learn
about electro nics and digital technol ogy the fun way...and build yourself some
neat projects !

PU30 130 In One Learning Lab Kit '
PL300 300 In One Advanced Learning Lab Kit
PL500 500 In One Super Learning Lab Kit

$39.95
$29.95

TrI-rJetd Sci A Meter ~f.t;~.
If! SEE RF, electric. and magnetic . . ..

fields!
If! Watch the mag netic fie ld of the

earth!
If! Sense different magnetic poles!
If! Detect RF transmitter fields !

This really neat project actually senses
and detects magnetic fields, RF fields, and
electric fields! The TFM3 has three sepa­
rate field sensors that are user selectable to
provide a really cool readout on two Sci-Fi
styled LED bargraphs! Utilizingthe latest technology, including Hall Effectsensors,
you can walk around your house and actually "SEE" these fields around you! Also
detect radiation from monitors, TV's, electrical discharge, and RFem issions. You
will have fun finding these fields and at the same time learn the technology
behind them. Runs on 6VDC (4 AAbatteries, not included). live long and pros­
per!
TFM3
CTFM

LEDS9
(Included)

A 3x3 array of super bright Telux'" LED's creates a brilliant sharp flash just like a
Xenon flash tube. In the sta ndard flash mode, a variable rate control varies the
flash frequency from approx 1 to 220 flashes per second. In the audio sync
mode, the flash is triggered by any audio input you provide into the standard RCA
audio input connector. Built-in low and high pass filters allow you to select either
bass or treble music triggering! An external trigger in/out connector lets you con­
nect multiple units together for simultaneous flash. 3x3 array of LED's can be
installed directly on tne PC board, or on the external LEDS9 board (included ) for
case-top or remote locations. Optional display boards with 8 or 20 LED's are
available for even more stro bing power! Just Imagine surrounding your room with
a few of these, triggered to your stereo! Be one of the first to experience the new
high output LED's of 2003!

LEDSI High Power LED Strobe Light Kit $39.95
CLEDS Matching Case & Knob Set For LEOS1 $14.95
LEDS8 Display Board, Inline with 8 LED's $17.95
LEDS20 Display Board, 5x4 Array Of 20 LED's $29.95
AC12S 110VAC Power Supply $9.95

If! Negative ions with a blast of fresh air !
If! Generates 7.5kv DC negative at 400rA
If! Steady state DCvoltage, not pulsed.

This nifty kit includes a pre-mad e high voltage ion
gene rator pott ed for your protection, and proba bly
the best one available for the price. It also
includes a neat expe rime nt called an "ion wind
generator". This gene rator works great for pollu­
tion removal in small areas (Imagine after
Grand pa gets done in the bathroo m!), and moves
the air through the filter simply by the force of ion repul­
sion! Learn h ow mode rn spacecraft use ions to accelerate through space.
Includes ion power supply, 7 ion wind tubes, and mounti ng hardwa re for the ion
wind generator. Runs on 12 VDC.

IG7 Ion Generator Kit $64.95
AC125 110VAC Power Supply $9.95

Ion Generator

If! Visible & audible display of your heart rhythm
If! Re-usable sensors included!
If! Monitor output for your scope
If! Simple & safe 9V battery operation

~E.jOY I.".,•••bout_______) _ the inner workings of the
~ heart while at the same time cov-

. 1 ' ering the stage-by-stage electronic
; t : circuit theory used in the kit to moni-
. " . to r it. The three probe wire pick-ups

allow for easy application and experimentation without the cumberso me harness
normally associated with ECG monitors. Operates on a standa rd 9VDC batte d '
The ECGl has become one of our most popula r kits with hundre ds and hun reds
of customers wanting to get "Heart Smart".
ECG 1 Electrocardiogram Heart Monitor Kit $39.95
CECG Matching Case & Knob Set For ECGl $14.95
ECG1WT Factory Assembled & Tested ECGl $89.95
ECGP10 Replacement Reusable Probe Patches, 10 Pack $7.95



Test & measurement equipment
on eBay? Ofcourse!

www.ebaybusiness.com Business

www. ChildhoodRadios.com
The resource for collectors of vintage (50s &60s)electronics

Paris Links to Other Collectors &Collections
Supplies Restoration & Service Documents
How-to Videos SpecializedTools
MessageBoard Hard-to-find Batteries & Adapters

HOBBY ENGINEERING

Robot Kits, Parts, Tools and Books
www.hobbyengineering.com Your BASIC Stamp Headquarters

www.parallax.com
'---------~

OVER 8,000 ELECTRONIC ITEMS ONLINE

DEALS YOU WON'T BELlEVEl

www.gatewayelex.com
(Electronically Speaking, Gateway's Got It !)

MAIL ORDERS CA LLTOLL-FREE- I-800-669-S8 10

_ \'/
.~ RAMSEY ~b

./ ,l,, """'-

" . -- www.ramseyl<its.com

www.netmedia.com

ELECTRO-NET
W ebsite/Print Ads - 25,000
overage visitors per month

Thousands of active electron ics hobbyists,
experimenters, and engineers are just a mouse click away
from your website. Now you can get both a print ad and
internet link for one low price.

We'll place your ad on t he Electronics Links page of our
website with a hotlink direct ly to your website - Plus run
your ad in the new Electro-N et section of Nuts & Volts.All for
one low monthly price. Call for pricing to day! (909) 371-8497

Save up to 90% on
Inkjet Inks

www.inkjetsw.com

Elect ro nics, O pt ics,
Surve illance

www. resunltd4u.com

Lem os International
RF & Microwave Specialists

www.lemosint.com

CueCats • Simple Low-Cost
Barcode Scanne rs
www.mavin.com

Robot Cont ro ls
Rocket Electro nics

www.transolve.com

Robots For W he n You're
Tired of Playing W ith Toys

www.lynxmoti on .com

World 's Smallest
Ethernet Web

Server

Solar & Portable Powe r
Also Phone & Page Syste ms

www.q v l v s.com

Flexible . Low-Cost
Controllers are Easy to Use

www.f1ex-tek.com

Elect:ro-Net: Go to www.nutsvolts.com - click electronics links



VIEW OVER 10 PRODUCTS ON OUR WEBSITE
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750651997
$39.99

HC-1530API

750673036
$59.95

......; -
~~_.. _.
..a"" • ~ . .......

HC·1530API O·15V 30A $245.95

HC-4815API O·48V 15A $299.95

PS·355DPI O·35V 5A $149.95

PS·603DPI D-60V 3A $179.95

TEMPERATURE
CONTROLLED
SOLDERING

STATIONS W/LEDS

ET-7333
$79.95 III

HIGH RESOLUTION
MINI AC/DC CLAMP

METER

SECURITY BOOKS
750698330

$34.95

& EQUIPMENT :~~:E;AMERACOLOR
DIGITAL MULTIMETER PD-MC01
AUTO RANGING W/RS .232 $1,582.60
SOFTWARE

CENTER 122
$199.95

STANDARD
WORK CENTER

Part # 301
$43.95

6 PIECE PRECISION
SCREWDRIVER KIT

MT-1433
$4.95

26 PIECE KNIFE SET
MT-73-894 $19.95

750696249
$69.95

-- -..!.. .!..:.,.!. o !.

MODULAR
CONNECTOR

CRIMPING
TOOL

LIGHT METER
LX/FC

CENTER 337
$119.95

800·308·6456 WWW.POLARISUSA.COM 800·308·6456
C ircle #73 o n th e Re a d e r Service Card.



TechKnowledgey
2003 Events, Advances, And News From

The Electronics World

Advanced
Technologies
Photonic Lattice Evades
Planck's Law

I~••·.i; :{~~ _I;'
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A t ungsten photonic lattice glows in a
vacuum chamber as Sand ia resea rcher.

Shawn Lin.inspects an iridescent disk that
contains approximately 1.000 tungsten

photonic lattices . (Photo by Randy Montoya .
courtesy of Sandia Nat ional Labs.)

esearchers at Sandia National
Laboratories (www.sandia.gov) ,

exceeding the predictions of a 100­
year-old law of physics, recently
demonstrated that filaments fabricat­
ed of tungsten lattices, when heated,
emit a great deal more energy than
solid tungsten filaments in certain
near-infrared wavelength bands. This
creates the possibility of a better
energy source for supercharging
hybrid electric cars, power ing elec­
tric equipment on boats, and operat­
ing electrical generators that are driv­
en by industrial waste.

The lattices' emissions put mo re
energy into the wavelengths used by
photovoltaic cells to change light into
electricity. And because near-infrared
is the wavelength region closest to vis­
ible light, tungsten lattice emissions
soon may be achievable at visible
wavelengths to provide more efficient
lighting. Adding to the good news is
that these sub-micron devices can be
mass-produced inexpensively using
existing computer-chip technologies.

1--- ---+-- -
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The lattice itself is constructed of
a stack of rods that are 0.5 IJm in
diameter and separated at a distance
of 1.5 IJm. These are referred to as
"photonic crystals" because of the
crystal-like regularity of the compo­
nent spacing. The channels will per­
mit input energy to exit only within
the desired frequency band .
Surprisingly, when a lattice is heated
in a vacuum to 1250°C, it produces
an energy conversion efficiency of
34 percent - th ree times the theoret­
ical performance of an ideal black­
body radiator as calculated from
Planck's Law of blackbody cav ity
radiation. According to Sandia physi­
cist Shawn Lin, the device does not
actually break Planck's Law - it just
"modifies it by demonstrating the
creation of a new class of emitters."

The work has been granted two
patents, and a third is pending. For
those who desire more details ,
papers describing the advancement
have been accepted by the journal
Optics Letters. Another will be pub­
lished by Applied Physics Letters.

computers and
Networking
New "World's Fastest PC"

he PC industry has not been a
hothouse of product develop­

ment lately, but this summer, Apple®
Computer Corp. (www.a pple .co m )
unveiled the Power Mac® G5 product
line, billed as featuring the world's
first 64-bit desktop processor and the
industry's first 1 GHz front-side bus.
Powered by the PowerPC G5 proces­
sor, designed by IBM (www.ibm.com)
and Apple, the machine allows memo­
ry expansion up to 8 GB and 64-bit
computation while running existing 32­
bit applications natively.

Apple 's Power Mac GS offers the first 64­
bit desktop processor. dual-processor
design. and clock rates up to 2.0 GHz
(courtesy of Apple Computer Corp.).

The G5 is available with dual 2.0
GHz processors, each with an inde­
pendent 1 GHz front-s ide bus , provid­
ing 16 GBps of bandwidth . It also fea­
tures expanded bandwidth memory
(400 MHz 128-bit DDR SDRAM with
throughput up to 6.4 GBps) , a high­
speed PCI interface (133 MHz PCI-X) ,
and AGP 8X Pro graphics.

The new processor is a result of
the strategic relationship between
Apple and IBM, which seems to have
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Professional Motion Control
at hobby is t prices!
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NEW MICROS, INC .
1601 Chalk Hill R oad
nalla. , Ttx .... 75212
Te l ' 12141 ·339 ·22 04
w w w v n e w ra Le r e • •col11

n July, so me selec ted McDonald's
restaurants in San Francisco began

offering high-speed wireless access
("wi-fi") to customers who come
eq uipped with wireless-enabled note ­
book compute rs and handheld
devices. When fully implemented, the
program will include 75 restauran ts in
both urban and suburban settings in the
San Francisco Bay area. The se rvice is
provided by Wayport, Inc. (www.way

hardware forma ts . The games offered
by the Iron st one web po rta l will
include the fa mous "classic" C64
games as well as new ones, and
Ironstone will also sell Commodore­
branded products th rough the site.

In a press release, Tulip offered
both an invitation and a warni ng, say­
ing, "Iron stone and Tulip invite the
Commodore com munity to join the
official Commodore C64 web-portal.
Currently, the re are about 300 com­
mercial web sites that use the name
Commodore or Commodore 64 with­
out having a license from Tulip. Tulip
will not allow unauthorized use of the
Com modore brand ." As to any VIC 20
users who might still be out the re, it's
probably time to upg rade your system.

Would You Like Internet
with that Big MaC®?

Circle #1 29 on t he Read er Service C ard .

The Servol' od''Y's 80MHz DSP core
does many channels of closed-loop,
velocity-profiled, acceleration-limited
PID. Application support for profiled
motion contro l included in the on-board
language.

Hardware support for feedback devices
(analog pots: up to l6-ch, or quadrature
encoders: up to 6-ch) on board, and
hardware PWM directly generated to
drive H-bridges (low-cost: $30 36V
5A). Call to learn the details, today!

Multi-axis motion control
used to be expensive ($$$$).
Now, the Servol'od" offers
digital alternative at $199.

the best-sell ing model of all time, with
some 17 million of them shipped dur­
ing the product's lifetime. There is a
bit of good news for C64 fans .

No, Jack Trameil has not
emerged from his Ca lifornia retire­
ment and started building C64s
again. But Tulip Co mputers NV
(www.t u lip .co m) and Ironston e
Partners Ltd. (www.ironsto nepa rt
ners.com ) recently signed a license
ag reement for a partnership aimed at
a global re-Iaunch of some
Commodore products. Tulip is the cur­
rent owner of the Commodore brand
name. Under the ag reem ent, Tulip will
receive a license fee for all
Commodore C64 products delivered
by Ironstone, insta lled on all computer
brands using the Microsoft or any
other operat ing system, and a ll
Commodore 64 branded products. In
add ition, Tulip will receive a license fee
over the revenue from software down­
loads, subscriptions, and advertising.

In this partnership, Ironstone will
create the official Commodor e C64
games and community portal, which
will be designed to address the
Commodore C64 user base and to
prov ide fee-based services to these
individuals . Through its web port al ,
Ironstone will market the official C64
emulator in various software and

reversed Apple's processing-power
slump, which was created by
Motorola's problems in manufacturing
the next generation of PowerPC®
chips. The pro cessor architecture is
based on a new execution core that
features massively pa rallel computa­
tion for 215 in-flight instructions, full
symmetric multiprocessing, two dou ­
ble-precision floating point units, and
an optimized Velocity Eng ine6 .

According to Apple, the G5 is the
world's fastest personal computer,
ba sed on SPEC ® CPU 2000 bench­
mark results and application per­
forma nce tests when compared
against a 3-GHz Pentium 4-based Dell
Dime nsion 8300 and 3.06 GHz dual
Xeon-based Dell Precision 650. In the
SPEC CPU 2000 independent testing
comparing the G5 against represen­
tative 3.0 GHz Pentium 4-based sys­
tems and 3.06 GHz Dual Xeon-based
systems, the G5 won three out of four
key ben ch mark tests.

Single-p rocessor tests results
show the G5 to be 21 percent faster
than the 3.0 GHz Pentium 4-based PC
on SPECfp_base2000, which meas­
ures single -processor float ing point
performance, and 10 percent slower on
SPECint_base2000, which measures
single-proce ssor integer performance.

Dua l-processo r tests showed the
G5 beating the 3.06 GHz dual Xeon
workstations by 41 percent on
SPECfp_rate_base2000, which meas­
ures th e tota l floati ng point through­
put of the system, and edging out the
same system by three percent on
SPE Cint_rate_base2000, which meas­
ures total integer computation
throughput. Retail prices range from
$2,999.00 for th e 2.0 GHz dual­
processor model down to $1 ,999.00
for a single- processor 1.6-GHz model.

Commodore Refuses to Die

M a ny m ourned the fall of
Commodore Computer Corp.

nearly a decade ago, especially users
of the widely-admired Amiga. But you
may be surprised to learn that there
are still as many as six million devot­
ed users of the older Commodore
C64 worldwide. In fact, the C64 is still
SEPTEMBER 2003



This wireless logo will appear on the
billboard of Internet-enabled McDonald's

restaurants. (Courtesy of McDonald's Corp.)

port.net), a provider of Internet access
to nea rly 600 hotels and airports , and
the two com panies plan to expand the
service to restaurants in New York and
Chicago by the end of 2003. According
to McDonald's West Division President
Don Thompson, "We want the Golden
Arches to be the first choice for a great
meal and a place to go wireless."

Of course, it probably is also a
great place to find out how your lap­
top works with a McFlurry® spilled on

the keyboard or fries crammed into the
CD slot by the creative child sitting
beside you. And think how much fun it
will be to send email to your friends
saying things like, "Hi, there . I'm at
McDonald's . Pardon me a moment
while I upchuck some McNuggets®."
The access charge will be $4.95 for a
two-hour connection, with other
unspecified options available.

Circuits and Devices
Photocells for a Variety of
Sensing Applications

Selco Products Co. (www.s e Ico
products.com) has introduced a

new photocell series. These single and
dual cadmium sulfide (CdS) Iight­
dependent resistors offer high sensitivi­
ty and high stability - featuring a spec­
tral response similar to that of the
human eye . The photocells are
designed to sense light in the spectral
range from 515 nm to 730 nm , and
have a peak wavelen gth of 515 nm .

Performance characteristics include a
wide range of resistivity values ranging
from three kilohms to 240 ohms max
at 10 lux, 2856 K, and an ope rating
temperature range of -30 to approxi­
mately +75°C.

Although sm all in size (0.165 x
0.138 inches, or 4.2 x 3.5 mm for
Model 9P Series), the output curren t
per photoconductive surface area is
large enough to drive relays directly .
This allows the devices to be used in
applications inclu ding ph otometry,
light control , detection, and audio
applica tions for se nsing the presence
or absence of light or measuri ng the
intensity of light. Typical exam ples
include camera light exposure, bright­
ness controls, shutter controls, night
lights , street light controls, low-light
level detection, light dimmers, auto
headlights, sun sensors for air cond i­
tioners , security systems, office
machines , audio equipment noncon­
tact volume control , and other visible
light sensor applic ations. The new pho-

5 aell g Co. brings to USA unique . easy-ro-use control and
instrumentation products from overseas. Customers include :
Intel, Philips , NEG. Kodak, Nokia , US Military, Microsoft .
Dell , Xerox, Un iversities . T.I ., Harris , Sony, J&J,
Thomson, Sandisk, General Dyn amics, H-P/ Compaq, et c.
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Euroquartz - Europe 's larges t OM -Ad apt SM miniboards
mfr of qua rtz crystals. osc 's, have two footprints on either
filters and frequency products . sicki.Now use your ultra fine pitch
Custom filters, high re i. rad tol. SMD components with more
osc 's . No vel EQ·HM spread- useful 0.1- in/ine spaced holes .
specf1lm='sred.oeEMI{rrijems One-to-one pinouts. $6.99A

K2 9p-9p self-pwrd RS-42 21485

K3 9p-9p isolated RS·4221485

K3·232 9p -9p isolated RS2 32

K232·I SOL 25p -25p RS232
KD485·STD DINrail - isolated

KD485·PROG programmablet

BITlink - easily cons truct control

systems communicating through
tntrenet/lnternet. BIT20 00 for

process control, building mon itonng,

data Jogging. alarm systems and

other industdal uses . $399 A

S5~~~~7~. ~~:3::C.•
www .sael ig.com· info@sael ig.com

TRAKIT
manufacturing

easy-usesoftwarefor
• Inventotymanagement
• ails of Materials
• 5aJes Orders
• InstantBuids
• PIJn:hase Orders
• Req~ for Qx>te
• Reminders
• Reports - from$199 /

Tigers - tiny mult itasking BASIC
module s for qui ck projects.
>100.000 instr'sls! ICOM200

res 'n. FREE sIw turns PC int ready-made controller with LCD
powerfu l 2-ch scope, DVM & and keypad . Touch240 contro ller
spectTUm analyzer. $95. $1145 - with touchpad and LCD display.

USB-COMI (non-isolated) or ANTS Matchbox-sized USB- DS2200C 200 kS/s 12-M z-en
USB-485i (isolated) offer self- powered logic analyzer. Sample USB scope adapter for PC.
powered USB to RS485 con- 8 channels at up to SOO million Looks like a "Digital Scope- on
version with baud rates 184bps samples-per-sec. View traces your PC screen! Take anywhere.
~ 3Mbps. PC thinks it's talking to on PC. Prin t or sav e for later Great for lapt ops, and servicing .
a COMportl Only $481$170/ review! (16-ch. ver. too!) $199/ Rem arkable price: Only $189/

ATX Ruggedized Industrial PCs
for any budget or application.
Easy mtnee, economy, reliability.
AMD Athlon XP 1700, shock­
mounted 40GB harddrive .
100"16Bum-in. C E EMC. $899A

ALSO: SCAL ABLE LE O OISP LA Y PAN ELS . TEMP-HUMIOITY

MONITORS, THERM OCOUPLE P .C. ADAPTERS . EN VIRONME NT

MONIT ORIN G SYSTEMS . EDUCATIONAL SCI ENCE PROJEC TS.

GRAPH ICS SOFTARE. AvloCAD PROGR AMMING COUR SE. USB·

PIC BOARDS. FLASH PROGRA MMERS . IF YOU DON 'T SEE WHAT

YOU NEED M/l YBE WE CAN FIND IT FOR YOU? • ASK FOR ALANI

CA Nbus • Starter Packs and

cards for almost any board format

& OS. CAN/Ethernet bridges,
indu stria/ automation solutions

from Janz AG as used by top
companie s all ov er the world.

VL100 2" x 3" banery-powered TDS2020F makes a custom CF
analog & digital loggers store card AID data/ogger or con­
events, volts, cutrent , pressures troller - quickly! High-level
for weeks. Download to PC and software completes projects in
review graphic results or Excel hours. Store GPS/CANbu sJA or 0
spreadsheet. Only $2oo! data to card. Only $19 9 (SOqty)

FT232BM Single chip USB-232
soluti on with all Windows
IMacILinux drivers . No program­
minglUSB knowledge required!
Easiest answer to update RS232
devices! Only $2.60 (10k)__~_"flIID_I1Bl__!!II.E! "
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email and other corporate applica­
tions . So me of the key findings in the
report include the following:

•The average employee receives
nearly 3,500 spam messages per year.

•Average lost productivity per
year pe r employee is 1.4 percent.

•Company-wide sp am filters on ly
reduce employee productivity loss by
26 percent.

•One full-time IT staff pers on is
required for every 690 employees ,
just to manage spam and spam-relat­
ed issues.

•Given the cost of spam pe r
employee and the limited effective­
ness of anti-spa m tec hno logy, large
compani es may want to con sider
legal ac tion against spammers as
another weapon against spam.

The bottom line is that the aver­
age employer cost of spam per year
per employee is $874.00. For more
details on this and other studies , see
Nucleu s at www.nucleusresearch.
com. NV
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Connect any
number of

devices to one
computer port

Network time clocks, scales,
relays, data loggers, ...

-2 serial devices per module
-Modules can be daisy-chained

-Supports different baud rates for each device
-Transmit and receive buffers

-Send and receive from all ports simultaneously
-Works with any computer

Model DP2 only $395. OEM discounts.
Mention this ad and deduct 5%.

IcmJfooro~~~l.i~r~!k~~%~~~4m~~~~~o!~~o
(800)426-2872 www.2cmc.com Fax: (203)775-4595 mv

Confirming an d expanding on
other studies about the econ om­

ic effects of unsolicited commercial e­
mail , Nucleus Research - a research
company focused on return on invest­
ment (ROJ) issues - has released a
study ca lled "Spam: The Silent ROI
Killer." In preparing the report, the
company conducted interviews with
117 employees at 76 different US
companies , along with 28 IT adminis­
trators responsible for managing

better. Some of the key drivers of suc­
cess th is quarter include more bal­
anced growth in marketing services,
from both tradition al advertising and
sponsored search, as well as on going
success in converting consumers and
small businesses to fee-based servic­
es. We are optimistic about the future
and we remain steadfastly focused on
execution against our prior ities."

Spam Costs $874.00 per
Employee

Add vision at lowcost!
Perfectfor inspection,
security.roboties. Full
framebufferunlike sx,
pci,usb type. Industry
std PCI04formfactor.

Circle # 128 on t he Re ad e r Se r vice Card .

STA
~i:~~~~~~~~~~:r::;~b~: ~I::~. oem(1k)
RS232 to AT A drrvc ada pter for $27
Sta mp. 80SI , AVR, PI C . Z80. :..86
ANY eo ntrclle r, b ig or ~mlll l :

:~:~.I;:~g;;:~~t;.~~II;~~ma eval kit(1)
-stmple so ftwll rc commands $95
-ba ud ra in up to 115.2k bp1
-$ 1-1 10£ & $11 ISAl IIl-I nnions

-ZERO external components! No xtal or externa l memory ICs.
-RISC pr ocessor up 10 16 lim es faster Ihan original lo-cost l'C.
-64. more BASIC space(nash), 16. mor e ee,64. more va riables.
-Up to 8 channel s of hi-speed A to 0 Co nvert er (8 and 10 bit ),
-RS232 Assembler download in add ition 10 BASIC downl oad .
-Calibrated, more stable, internal osc, Same price as 8K super!

-Color & BWup to 640x480 oem (lk )

-Serial/parallehpic.avr,z80,pc $27
-Fullspeed: to30 frames/sec
-Simultaneous composite out evalkil(l )

-Use w/digital CMOS camera $95
-C, BASIC, Assemblersource

WWW.STAR.NET/PEOPLE/-MVS
MVS Box 803 >MVS15y r Limited Warranty

Nashua.NH 03060 Free Ship p in g
(50 8) 792 9507 • Mon-F r i 10-6 EST

Industry and the
Profession
Yahoo! Profits Higher

tocells are available for immediate
delivery and are priced from $0 .10 to
$0.33 in production quantit ies.

he dot-com boom may be over
for many Internet-based compa­

nies , but Yahoo!, Inc. (www.ya hoo.
com), seems to be doing just fine. For
the second quarter of 2003, the com­
pany reported net revenues of $321.4
million - a 42 percent increase over
the $225.8 million ea rned in the same
quart er of 2002.

According to Terry Semel, chair­
man and CEO , "We're very excited
about the results we have seen in the
second quarter - the largest revenue
producing quarter in our history. Each
piece of our engine is working smooth­
ly with the others, and the numbers
show that over the last 18 months, our
performance has been stronger and
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SPYBORESCOPE,

TINY, HIGH TORQUE, MICRO·MO
DC GEARMOTOR, with 76: 7 Gearbox
& Magnetic Encoder!
NEW!CarelessDC-Micromotor with
preciousmetalcommutationwith a
lowindudance. ironless rotorcoil,
Efficiency is increasedby the
elimination of hysteresis & core
(iranl losses. Extremely light rotor
& has low inertia & no cogging as
with canventional DCmotors.
Specs: 16mm Diam. x 28.6mm L.
6mm Lx l.SmmD shaft. 16ppr.
magnetic. 2 chan. encoder. Spur
gearbox with metal gears and
ceramic output bearing. Motor
weight is 0.3Soz. Gearboxweight
is 0.140z. Operating voltage: 2·6VDC. NLcurrent: 8·
14mA. Two mtg. screws. A rare find. Don't miss oul.
MICRO·MO·761 S1gea. or 4 for $59

ALSO AVAILABLE:
YUASA 12V @2 6A H , PI N N P· 2 6 · 12 B, 6 ,5 "W x 6.9"H
x 4, 9 " 0, w ei g ht is 22 lbs. S35each or 2 for S55

PANASONIC 12V@28AH, PIN A C· X122 8 p, 6 .5"W x
6 .9 "H x 4 .9" D, wei gh t is 23 Ib s. S3gea. or 2 for S59

NEW, LINEAR BALL
SLIDES from DCI,
Three models available:
The large is 6' Lx 2.6·W x
l"H with 4' of travel. The
medium is S'L x 2.6·W x l 'H with
3' of travel. Thesmall is l.7S·W x
1.7S·L x 0.7S·H with l" of trovel with a
removable spring return for use against a
micrometer or similar. Featurescommon to
all include: Solidmachined aluminum with anodized construction.
hardened steel ways. Slides are usable in any position and can
carry heavy loads. Over 100Ibs for the large and medium and 2SIbs
for the small. Straight line accuracy of O.OOOOS·/i nch of travel. All
are new. limited quantity.
DCI·LONG.. .S59, DCI·MED... S49, DCI·SHORT...S29

Circl e #74 on th e Reader Servic e Card.

NEW, ULTRA LONG RANGE, 2.4GHz 500mW Video/Audio MINI·
TRANSMITTER with EXTERNAL ANTENNA RECEIVER,
Provides FOUR user selectable channels as well!
YAGI or PARABOLIC ANTENNA INCLUDEDI Actuallyadoctar
Simply cannect ANY standard NTSC wauld call it a anrithrascapic
campatible VIDEO SOURCE to the campietely borescapes. Superhigh quality
self contoined, SOOmW. mini 13' x 2.5' x 0.75'1'''- medical grade. Directview
tronsrnitter. Omnidirectianal patch antenna eyepiece & standord 90
included inside transmitter housing. Now you can transmit up to . degree ext. light port. Size:
several miles clear line of sight! Using the companion. external antenna receiver is simply a 6.S·LX 7.Smm diom. SS tube
matter of connection the antenna to the attached 36' long cable, terminated in a mole N with the obiecnve end optic
connector. The receivers video output works with any TVor VCR. Receiver is powered by angled 30 degrees for easy
12DC@300mA Receiver size is: 6'L x 3'W x 1.S·H. The transmitter is powered by SVDC @ viewing of surrounding area.
4S0mA. lall ACpower supplies and cables included!. Choose your choice of a 14dB YAGI This can get you in a tight spon
antenna or a 24dBParabolic antenna. lsee antennas at WWW.RESUNLTD4U.COMI Reg.price: 5800ea.

AST·LR·YAG I.. 5329 set. AST·LR·PARABOLlC 5369 set . BORESCOPE.. S22gea.

•

16

NEW, 204GHz ANTENNAS, PERFECT for LONG RANGE VIDEO or WIRELESS LAN APPLICATIONS. FIVE MODELS AVAILABLE, ACHIEVE PERFORMANCE YOU
THOUGHT IMPOSSIBLEI FIVE MODELS: TWO OUTDOOR PARABOLIC, A RADOME PROTECTED YAGI, 9db OMNI WEATHERPROOF or TABLE TOP I

Choose from the LARGE, 24dB, 10deg. beam width or the MEDIUM. 20dB, 13 deg. beam width PARABOLIC DISH.
(shown far leftl each provides on enVironmentall y sealed 'N' type male termination attached to a 30' long cable.
Large size is 27" x 30' and weighs 5.3 lbs, the medium size is 20' x 24' and weighs 3.6 Ibs. Can be either horizontal
or vertical polarization. Quasi Log Periodic end fire array feed. Both have a commercial quality, light grey, powder coat

finish. California Amplifier PI N's: 130135 & 130120. Omnidirectional types, one is~
a 'Rubber Duck' style, the surface mount lshown near leftl offers a black. 1/4
wave radiator. The overall size is 3.S·H x 2.7" diam . base. A five foot long
RGS8·AU cable is terminated with a gold, SMAfemale connector. The 9db ......
ornnt, Proxim PI N 7014-05, (shown near rightl is a ridgid tube. 24'Lx 1.6' max. diam. ~

Weatherproof, Std. 2' pipe mtg. hardware incl. Female TNCconnector. Both omnis are block. A UV stable, polycarbonote. radome protects Ihe
13.9dB YAGI.type PC241SN from Cushcraft. (shown far rightl Max. input power is 500 Watts. the 15element. one piece radiating design is extremely rugged . Size is 26· L. weight is 1pound. Antenna is
terminated through a pigtail connector to a ' N' type female connector. PARABOLIC 24dB..5129, PARABOLIC, 20dB..$99, DESK OMNI..S5ea, 9db OMNI..$6gea, YAGI..$8gea.

SONY EX·VIEW CCD for the best "ASTRO NOM ICAL" REVERSIBLE, HIGH TORQUE, NEW, SECURITYMONITOR
PERFORMANCE available in an affordable cameral AC GEARMOTOR, ORIENTALMOTOR, 9", HIGH RESOLUTION

With 600 Lines Resolution. NEWI 0.00005 Lux, MODEL,2RK6GN/2GN75KA Commercial quality.
The most sensit ive, uncooled, 712" CCD camera available. A super nice. matched. 1450 RPM. 1112SHPmotor & Hi-resolutian Black &

Black and white. stateof the Art Video. 15:1gearbax provide l00rpm at the 0.3' diam. x 1.l"l Whitemonitor. Brand
Our GMV-EX-6K. Takes the Prize. For out-put shaft. Shaft rota-tion is the same as the new, 90 day
covert. military & scientific motor shaft. Instantly reversible capacitor start warranty. BNCvideo
applications, this is it. Unbelievable motor. ICap. suppliedl operates from llSVAC@0.19A in and loop through.
0.0000SLux @fO.8performance is Torque is 4.4Lbin. Regular 5135each. limited quantity. Ruggedblack steel
enhancedthrough low speed electranic Overall size is: 2.4' X 2.4' x 4.2S·Long. Weight 1.Slbs. case. 1000line
shuttering, digital frame integration and advanced OM·2GN15K.. .... 520 or 3 for 549 resolution.Youwill be
DSP. Autosensitivitymode storts as it becomes dark. 24 amazed at how much better this monitor will make
hour surveillance is possiblewith the optional fi .2 auto iris lens .y your video look

'
Thereis no substitute for a real

shown below seven Gain/Shuttermodes are user selectable. Normal. X4. X8. monitor. BWMONITOR·9HR.... ..S7gea.
X16. X24. X32. X64 X128. Frame rates of 60.15. 8, 4, 3. 2,l and 0.5 per second. NEW, VIDEO MOTION SENSOR.
Aut%ff BLC, S/N >S2dB. Mirror on/off, Gain on/off , auto electronic shutter 1/60 Connect to any standard video signal and you've
to 11120,000 sec.. Alum. housing, duall /4x20 mtg.Specs: 112' CCD. 7681HIX got an electronic
494M , with 380Kpixels. 12VDC±lV@200mA, S-V1DEOon 4pin DIN connector. 'watchman'
Std. video out on BNC.Size Slmm x Slmm xllSmm long. Regulated power diligently ; ', : : : : " • 'i' ,
supply incl. All functions externallycontralled. C-mount lens not included. We watching the entire scene. Or any adiustable
have the best price available for the 12V1E·EX CAMERAVERY LIMITED QUANTITY sized area within the scene. Suchas a doorvvay
AVAILABLE. DON'TBEFOOlEDby 113'. NON - EXVIEW. LOOK AliKES! or even a drawer ar cabinet. A state of the art
GMV·EX6K.. .$449 Super, 6mm, 11.2 Manual Iris Lens...S69 securityaid. Theunit will close a contact when it

LARGE AREA SILICON DETECTOR, senses a change. Auto or manua l reset. Internal
MEASURESLASERPOWER. A VeryHandy Device. buzzer with volume control & odi, on time. VCR
Here's a nice little package that could n't be simpler to record and VCRstop output. (use with time lapse
use. A quality. hermetically sealed detectorwith an VCR.lllOVAC pwr. Adjustable sensitivity. Video
active area of abaut9mm square providesa loop through. VM1O.. ..S15gea.
propartional output voltage to a built in voltage divider
with accessible trim pat. Thispravides a 20mV per FLEXIBLE SHAFT with LEAD SCREW
mWoutput on a pair of 20', Longred and black. and " NUT" New. 18' long fiex shaft is enclosed
banana plug terminated leads. Connecting to your in a 3/8 ' ODpratectivesheath.~
digilal vollmeler enables you to measure mV/mW Oneend 'Plugs' into a right •
up to about20mW. Brand new surplus fram the angle drivewhich outputs the
printing industry. A Ihreaded brass insert in the base to acilitate mounting. fiex ratation by turning of a 112' -
Overallsize: 2.8·Lx 1.1"W x 0.4' thick. DETECTOR.007... ..510ea. diam. x 7"L. 10 TPIl ead screw upan which rides a l '

xl" 2'l ' nut / carriage' with two 114 x 20 threaded
BRAND NEW, SPELLMAN +25,000 VDC POWER SUPPLY holes spaced 1"apart on the long axis. Flexshafts

SL Series, 250Watts, and it's only 7/ 34"HIGH I have a 0.14' x 0.14' square drive end. Youreceive
fwo complete assemblies: one with a nylon carriage
and one with a steel carriage. Theywere originally
designed to move power seats. We do not know
what car. Heavyduty construction. A very interesting
device. SALE, FLEX·PAIR.. .Sl0 I set of 2These new. boxed units are the type: SL2SP2S0. Utilizing resonant topology,

the proprietary control system maintains high frequency over the entire
operation outputrange. High Frequencyoperation allows dynamicresponse
timeof lessthan 5 millisecondsand one of the lowest ripple specifications
available. Providing +2S000VDC @ lOma with low ripple of 0.02% rrns, line
and load regulation is 0.005%.Currentlood regulation: 0.05% of full current
for voltage changes and Current line regulation ± 0.05%of full current over
the specified input voltage range . l1SVACpowered. Size: 1/3 4'H x 19'W X
19'D rack mountable. Weight is: 171bs. Stability of 0.01% per hour after 112
hour warm up. 0.02% per 8 hours typical. Temperature coefficient: 100ppm
per deg C.Ambient operating temperature: -20C to +40C. Frontpanel on/o ff
circuit breaker. Other features include. Internal fault protection. front panel
indicators for li ne power. High voltage OFF and ON. Overload. Interlock status
and over temp. Thesesupplies have no front panel controls. The I/O interface
is via a 24 position terminal strip at the rear. External 20Kohm pot. not
supplied can be used to remote control the current. Outputs are provided for
external metering of outpul. Complete with original instruction manual.
schematics. HV output cable and AC line cord. These units are factory set for
2SKVout instant on as provided. These are hazardous and potentially deadly
voltages. Do not purchase if you do not know what you are doing . Must be
over 18. All sales fina!. SPELLMAN, SL25KV 549gea.
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Why Bother with the Simple Stuff?
The Importance of Knowing the Basics

+ t-- Vout

C Co
Vin --11-~~--t

Ci

+V

Now, instead of Vr2 being the voltage E multiplied by
the ratio of resistors, it equals the circuit current multiplied
by r2 (which is just a form of Ohm's Law: E = I * R).

So , we can see that knowing algebra is an important
part of being able to derive, examine, and understand the
equations we have to work with.

When the students take their first electronics course
(afte r completing DC and AC circuits), they study the
common-emitter amplifier shown in Figure 1.

I explain to them that the circuit contains a voltage
divider subcircuit at the base of the transistor that is used
to create the DC bias voltage for the transistor's Q point.
Thus, the voltage divider equation from DC circuits now
becomes important in the electronics course while study­
ing amplifier circuits.

When DC analysis turns into AC analysis, things can
get more complex because the nature of the inductors
and capacitors we use in the circuits will vary their
response as the circuit frequency changes. Thus, instead
of just considering a DC voltage or current, we may have
to calculate and examine a range of voltages or currents.
For instance, the common emitter amplifier in Figure 1
will have a frequency response dictated by the value of the
coupling capacitors Ci and Co, as well as the input and
output resistance of the circuit and the midrange gain.

E *
Rl +R 2 r2Vr2=
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rl
Vrl=E*--­

rl +r2

The equation is not just a simple way to save time
while doing calculations. Understanding how the equation
works and where it came from indicates good familiarity
with series analysis concepts. I show the students how to
de rive the equation by us ing varia bles in their equations
and not numbers. When you so lve for the voltage across
R2, you get:

r2
Vr2=E*--­

Rl+ r2

I ask my students if they see similarities between the
two equations and then explain that you can also
rearrange the terms and see the same equation from a dif­
ferent point of view:

Y
ears ago, I worked with an instructor who , right
after being hired in my department, wanted to
teach the senior level Electronic Communications

course, and was unhappy to learn he would instead be
teaching Introductory DC and AC Circuits to the fresh­
men. Our department chairperson believed that you must
have a good grasp of the basics, especially DC and AC
circuit analysis , before you can appreciate more complex
circuits.

While I taught DC and AC circuits for many years, I
always tried to relate to the students why they needed to
understand a concept or why they would need to know
th is or that analysis method. For example, something as
simple as the voltage divider equation for two resistors
(R1 and R2) in series across a voltage source of E volts
gives the students a chance to be analytical. For example,
the voltage across R1 is:



Xc =---

The (Vb - Vo) term tells us the
voltage across the two-resistor pair.
This is the voltage that divides
across the two resistors. The voltage
across Rb, that helps create Vx,
floats above the Vo level, which is
why we must add Vo to the equation.
Note that if you replace Vo with zero
in the equation, it reduces to the orig­
inal voltage divider formula .

So , a few simple circuit tech­
niques give us two equations. Now it
is a matter of algebra to reduce
them. First , we set the equation
equal to each other, eliminating the
Vx variable.

Then, we distribute some prod­
ucts.
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Next, we multiply by the com­
mon te rm (Ra + Rb) to get rid of the
denominators.

Va *Rb- Vb *Rb = Vo *Ra

(Va - Vb) *Rb =Vo *Ra

Va *Rb=Vb*Rb- Vo* Rb+Vo*Ra +Vo*Rb

The Vo * Rb terms cancel. Now
we rearrange the terms a little.

After factoring , we are almost
there.

Dividing both sides by Ra now
gives us the final equation. Again, a

Va*Rb= (Vb- Vo)*Rb+Vo*(Ra+Rb)

Va *(~) = (Vb - Vo) *(~) +Vo
Ra+Rb Ra+Rb

analysis .
As the students continue with

their electronics coursework, they
make their way to operational ampli­
fiers. Onc e again, here is a cha nce
for the algebra-loving students to
show their stuff. In Figure 2, we see
the schematic for the difference
amplifier. The equation that predicts
the output voltage is as follows:

Va = (Va - Vb)' (:J

Vx =Va*( Rb )
. Ra +Rb

Here is another chance to deep­
en ou r understanding of the circuit
by de riving the Vo equation from
simple th ings we know. For example,
two important characteristics of the
operational amplifier a re (1) the
inputs do not draw an y current, and
(2) the amplifier will try to maintain
a zero-volt diffe rence across its
inputs when negative feedback is
employed.

In other words, the same voltage
should appear at both inputs when
negative feedback is used. Who
knows what th is voltage is and, in
fact, it will ch ange when th e inputs
change, but it is safe to label the volt­
age at the inverting and non-invert­
ing inputs with the same variable ,
such as Vx, since they both have the
same value.

Now if you look carefully at the
non-inverting input, you should see
that, once again, a voltage divider
configuration is present in our cir­
cuit. This allows us to write an equa­
tion for Vx at the non-inverting input
that looks like this :

Looking again at the schematic,
do you see a voltage divider configu­
ration involving Vb and Vo? The two
resistors between Vb and Vo will
obey the voltage divide r pr inciple as
well, giving us this slightly more
complex equation:

>-...........-Vo

1

21lFC

Ra

Ra

Vb - -'\f\,/\"'<>---i

Va--"u'\/\,_-i

But to someone look ing at the
circuit for the first time, just know ing
some basics about the capacitor
he lps to begin the analysis. Recall
that a capacito r looks like an open
circu it when a DC voltage is applied.
So , in terms of the DC analysis of the
amplifier circuit , we can ignore the
coupling capaci tors and concentrate
on ly on the four resistors biasing the
transisto r.

When we switch to AC analysis,
the value of the coupling capacitors
will help determine the minimum and
maximum freque ncy of operation.
Now we have to go back to AC circuits
for the equation that predicts a capac­
itor's reactance at any frequency:

In addition, knowledge of pas­
sive filters - both low-pass and high­
pass - is a lso necessary, since the
coupling capacitors for m passive fil­
ters at the input and output of the
amplifier circuit. On the input side,
th is will involve use of the ga in equa­
tion for the high-pass filter:

Av(j) = .( F)
I-J ­

Fe

Rb

Figure 2. Operational amplifier
configuration amplifies the difference

of the Input voltages.

Now we have ventured into the
area of complex numbers, which
contain both real and imaginary
components . Aga in, we see that a
good understanding of algebra
is essential to electronic circuit

18



World's LsrgeSfR8-232 Serial Relay Controller:
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leads to a better understanding of higher-level circuits and
aids in their analysis, as well as exercises math sk ills
necessary to find solutions du ring sign and analysis . NV

..
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few simple DC techniques and a bit of algebra has helped
us analyze a complex circuit.

NEW: Professional B-RalsyCDmrolle, Tums Anythlng Bright, Brilliant, and Easy to Use! Stores Images, Icons, and Worlcs with
On/Off with PC Ullin Visual Basic 0'An MICf'OI 7 Models of VF Displays Available! An Com ute,0' MICIO with R8-2321

James Antonakos is a Professor in the Departments of
Electrical Engineering Technology and Computer Studies at
Broome Community College, with over 26 years of experience
designing digital and analog circuitry, and developing software.
He is also the author of numerous textbooks on microproces­
sors, programming, and microcomputer systems. You can
reach him at antonakosj@sunyb roome.edu or visit his web
site at www.suny broome.edu/ - antonakosj.

Conclusion

Does th e simple stuff ever go away? I'm afraid not.
When studying digital-to-analog converters, the R-2R lad­
der circuit and its associated current division is an impor­
tant part of the circuit. And the voltage divider comes
ba ck again when analyzing a DC powe r supply with con­
stant output voltage. The voltage divide r senses th e out­
put voltage and inputs it to an operational amplifier to
adjust the output voltage accordingly.

When studying digital circuits , just knowing Ohm's
Law helps to understand the operation of a pu ll-up resis­
tor. Recall that a pull-up res istor is used on a digital input
to make a good, logic one voltage level. How ca n Ohm's
Law help answer the following question : Which resistor is
a better choice for a pull-up, 4.7K ohms or lOOK ohms?
The Ohm's Law equation E = I * R becomes important in
determining the answer. The input will require a small
amount of current to flow th rough the pull-up resi stor. If
the resistor is too large, the voltage drop across the pull­
up resistor may not leave enough voltage for the input to
make a good logic one level.

Clearly, knowing the basics of DC and AC circuits



Tech Forum
QUESTIONS

I am trying to build handheld
units that will communicate with each
other using CPCA/OOK modulation.
For testing I have built two PCBs, one
for the transmitter and one for the
receiver. I am us ing Linx Tech
modules and their "Splatch" antenna .
The boards are laid out just as their
spec instructs. I am only able to send
a signal about 15 feet. I read that the
splatch is only about 30 percent
efficient - which with their claimed
maximum range of 300 feet , I should
expect about 90 feet - which is fine
for my purpose (15 feet is not).

I do not have the equipment to
tune antennas and thought pre­
engineered modules would give good
results.

This is a READER-TO-READER Column. All
questions AND answers will be provided by
Nuts & Volts readers and are intended to
promote the exchange of ideas and provide
assistance for solving problems of a technical
nature. All quest ions submitted are subject to
editing and will be published on a space
available basis if deemed suitable to the
publisher. All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are
made by the publisher. The implementation of
any answer printed in this column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

Send all mater ial to Nuts& Volts Magazine,430
Princeland Cour t, Corona , CA 92879, O R fax
to (909) 371-3052, OR email to
forum@nutsvolts.com

ANSWER INFO
• Include the question number that appears
directly below the question you are responding
to.
• Payment of $25.00 will be sent ifyour answer
is printed. Be sure to include your mailing
address if responding by email or we can not
send payment.
• Your name. city, and state, will be printed in
the magazine, unless you not ify us otherwise. If
you want your email address printed also,
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Does anyone know anything
about these units and/or what other
people are achieving using them? Are
there any websites/bulletin boards
that deal with this subject?
#0903 I Frank

via Internet

I own a HP-48 calculator and the
companion HP-82240B IR thermal
printer (alpha numeric + graphics, 2­
3/4" paper) . I would like to use the
printer with my Pocket PC (e 74 0
Toshiba).

Do you know a source that
defines the IR output from the HP-48
calculator?
#09032 VVayne Boucher

via Internet

I would like to control a process

indicate to that effect.
• Comments regarding answers printed in this
column may be printed in the Reader
Feedback section if space allows.

QUESTION INFO
To be considered
All questions should relate to one or more of
the following:
I) Circuit Design
2) Electronic Theor y
3) Problem Solving
4) Other SimilarTopics

Information/Restrictions
• No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.
• Selected quest ions will be printed one time
on a space available basis.
• Questions may be subject to editing.

Helpful Hints
• Be brief but include all pertinent information.
Ifno one knows what you're asking, you won't
get any response (and we probably won't print
it either).
• Write legibly (or type). Ifwe can't read it.we'll
throw it away.
• Include your Name,Address, Phone Number;
and Email. Only your name, city, and state will
be published with the question, but we may
need to contact you.

that requires a time and temperature
sequence. I need a temperature span
from 90 0 F to 170 0 F and time
periods from 15 to 120 minutes in
duration. I will be heating a circulating
fluid from 90 0 F to 170 0 F in four or
five steps of 15 minutes to 2 hours
each (i.e. , heat to 120 0 F and hold for
20 min. , raise to 145 ' F and hold for
30 min ., raise to 156 0 F and hold for
60 min., ra ise to 170 0 F and sound an
alarm to signify end of process). I can
do this manually by physically turning
up the thermostat but would like to be
able to program the whole process
and walk away. Most control software
is too expensive. What would be the
easiest and least expensive way to
accomplish this task?
#09033 Jerome Ebel

Mosinee,VVI
via Internet

I have a situation where I needed
to bu y a submersible water pump.
The pump runs off 120 VAC and has
a line cord attached. The idea of
putting a line cord in water just makes
me weak at the knees. Can I use two
wall-warts (both 9 VAC), one plugged
in to the wall with the output
connected to the output of the other
wall-wart? This should give me back
an isolated 120 VAC at low amperage,
right? The pump is rated at 120 VAC
0.09 amps.
#09034 Matt

via Internet

I am setting up a data acquisition
system for use on a small boat and
was contemplating using a mini PC
like FIC's Ice Cube or Brick. I'm trying
to keep the power consumption of the
system down and have been looking
for any "weak links in the chain." I
hate the idea of using a voltage
inve rte r to step up the 12-volt battery
output to 1 10 VAC so I can plug my
computer power supply in, which
then converts back down to ±12, ±5
VDC , etc.

Does anybody make or have
plans for a DC-to-DC power supply for
computers that is a direct
replacement ATX or mini ATX
format? Are there people out there
who only use computers from

Cont inued on Page 100
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eMachineShop.com
the Internet Machine Shop

For more information, or to get
started , please go to
www.emachineshop.com and
discover cyber machining!

Try it today. Try
emachingshop once and you'll
never want to work any other
way.

machine shops. Your total project
time is reduced up to 90%.

. Expert feedback - with the
intelligent software you'll know if
your design can be machined at
the click of a button - without
waiting hours or even days for a
machinist to review your job.

Easy and convenient - with
emachineshop there is no time
wasted traveling , calling , faxing
or emailing to conventional

Easy,
convenient,

and low
cost

In sta nt pricing - get exact
pricing in seconds - no
cumbersome quotations
involved . And you can get as
many "what if' prices as you like.

software to draw your part. At the
click of your mouse your order
will be sent by web for
manufacturing. It's easy!

Low cost - because the
emachineshop software is so
smart and ordering is electronic,
labor is minimized whether you
order one part or one million.
The cost savings are passed on
to you.

eMachineShop.com

Currently, you can perform
milling, punching , laser cutting ,
extrusion, bending , tapping ,
vacuum forming , and finishing ­
in metals , plastics , wood , and
more.

Using emachineshop is easy.
Simply download our FREE
design software and use the

emachineshop uses a
revolutionary combination of the
internet, software , and
automated machines to design ,
make, and deliver your custom
parts at low cost.

Welcome to emachineshop ­
where you design and we
fabricate the custom parts you
need via the internet, easily and
conveniently.
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by Jon Willioms Starn p

Putting the Spotlight on BASIC Stomp Projects, Hints, and Tips

Stamp Applications
Ploystotion Control Redux

+5 +5 +5 +9-
4.7 kQ ~

PSX Socket (Female)

0 Green

0 White

Blue

Yellow

Red

Black

Gray

Orange

Brown

- -
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The toughest part about working with the PlayStation

470 Q

220 Q

220 Q

Thank You, Aaron

Before I go any further let me admit that I got started
with the PlayStation controller because of Aaron Dahlen's
neat article pub lished in Nuts [,. Volts back in June. About
a year ago, I had some interest in the controller, but never
got around to doing anyth ing with it. So my thanks go to
Aaron for his work and getting me off my duff. My hope is
that I can expand on Aaron's information so you can get
more use from the controller.

Then, I planted the seed that I hoped would get and main­
ta in their attention. "No, it isn't. This, my new friends, is a
robot controller and I will prove it to you on Thu rsday." It
seemed to work. With the minor exception of a couple of
"bad attitude" girls, the rest seemed genuinely interested in
how they could control a robot with a device that they all
knew very well.

Building an Interface

Figure I.
PSX Interface

PsxDato------t-----e--t----+-o

PsxAttn o-----'IM,-----t----t---+---+--+-o

PsxCmdD----'w,.,...-----if----+--+--- +O

PsxClock D-----JIM,...---I

Most people don't realize that the BASIC

Stamp II has actually been around for quite

a long time. Like the BASIC Stamp I, it

was designed to be a general-purpose

embedded controller. And it's a darn good

one - just look how many copy-cat

products exist today.
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I often say to friends , and in fact have stated right here
in my column, that I feel like I'm one of the luckiest
guys in the whole world. Now, don 't worry, I won't bore

you with the myriad reasons I could use to back-up that
statement, but I will say that one of them is the job I get to
do and all the neat people I get to meet in the course of
doing that job.

A small part of my job with Parallax involves train ing.
Back in June, I had the very good fortune to be invited to
teach BASIC Stamps at IBM's EXITE (Exploring Interests
in Technology and Engineering) camp for girls
here in the Dallas/Fort Worth area. It was fun,
if not a very tough assignment. Not the course
material, mind you , I'm pretty good with BASIC
Stamps. The audience ... a whole different
story - twenty odd, thirteen-year-old girls who
didn 't have a background in electronics or
computer programming.

Perhaps it's a sign that at 41 years of age,
I am finally getting old, but teenagers today
seem significantly more sophisticated and cyn­
ical than when I was a kid. I knew that if I was
going to last all four days that I would have to
start strong. So , on day one (Monday), I
retrieved a Sony PlayStation® game controller
from my backpack and held it in the air for the
girls to see. "Does anyone know what this is?"
I asked. Of course, every single one of them
knew what it was and responded accordingly.
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is being sent to the con­
troller. Figure 2 shows
how data is exchanged
between the master and
the controller, and how
the overlap oc curs on
the second byte of the

PSX_TxRx:
FOR idx = 0 TO 7

PsxCmd = ps XOUt . LOWBIT(i dx)
PsxClk = ClockMode
psxln .LOWBIT (idx) = PsxDat
PsxClk = -ClockMode

NEXT
RETURN

transfer.
Knowing the type (or cu rrent mode) and if the device

is ready can be very useful , so how can we retr ieve th is
data? We do it by creating a manual function to shift data
to and from the controller simultaneously. While this may
sound a bit complex, it really isn't. Back in the BS1 days,
we had to create our own sh ift functions for synchronous
devices - we'll just build on those st rategies.

Here's a bit of code we can use to send a byte to and
receive a byte from the controller.
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As you can see, the code is qu ite straightforward. A
FOR-NEXT loop accommodates eight bits. A bit from the
command byte is put onto the PsxCmd pin before the
controller clock line is pulled low. While the clock line is
low, the PsxDat line can be scanned and the bit stored in
psxln. The clock line is returned high and the process is
repeated for all bits. Notice that this rout ine works LSB to
MSB.

Before we continue with the code, let me address an
issue that occurs when using SHIFTIN to ret rieve all six
data bytes from the PlayStation controller. If you 've run
Aaron's demo program, you have probably noticed that
the left joystick Y-axis (up-down) does not span the entire
range - its range is 128 to 255. This seemed odd to me
and after a bit of investigat ion, I believe I know why this is
happening.

Take a look at Figure 3. This graphic shows how the
PlayStation controller sampling is handled. Notice that
the bit sampling - as with our code sample above - takes
place while the clock line is being held low. Now take a
look at Figure 4. This diagram shows how the controller is
sampled when us ing SHIFTIN - specifically the last few
bits of the last byte of the sequence.

Notice that the BASIC Stamp doesn't actually sample
the data line until afte r the clock line is released. This nor­
mally isn't an issue, but becomes one for the PlayStation
controller. What happens is that the controller can count
the clock pulses, and when it detects the release of the
final clock pulse it releases the data line - which is pulled
up through a 4.7K res istor so the last bit (Bit7) of the fina l
byte in the sequence is always 1. This explains why we

Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5$5A

Figure 2. PSX Data Exchange

Figure 3. PSX Sampling

$42

Type

, , , , (
, i )I 1 !

0 ~ 0 J, (
)

$01

Data .-

Attent ion l .... --\
~ C

l\

Command --+

Clock

Data

controller is building the mechanic/electrical interface,
and most of that is very simple - it's the connector that
is the tough part. The socket that accepts the odd nine­
pin controller plug is a Sony product, and not something
you can purchase readily. I did find a couple of places on
the Internet that sell repair parts for games, but these
were not new parts - the y had been removed from dam­
aged PlayStations, and none were cheap.

I solved this problem by purchasing a $10.00
PlayStation extension cable and carefully hacking the
socket from one end of it. The socket is attached to a PCB
with professional strength contact cement, and a bit of
hot glue (be careful!) is used to secure the wires. Figure 1
shows the schematic for my version of Aaron's interface.
This circuit va ries from Aaron's only in [trivial] compo­
nent values and the use of 220-ohm res istors on an y
BASIC Stamp pin that is used as an output - I do this for
safety in case the controller fails. Also note that the nine­
volt connection to pin 3 of the controller is optional (dual­
shock motor power) and not required for our experi­
ments.

Part of the reason I decided to write about the
PlayStation controller after Aaron's excellent article has to
do with an oddity in the values returned when using
SHIFTIN (more on that in a minute) , and I wanted to cre­
ate code that would tell the BASIC Stamp what kind of
controller is attached. Controller type detection is not pos­
sible using the SHIFTOUT/ SHIFTIN method since the
PlayStation controller sends its device type to the game
console (or our Stamp) when the data request byte ($42)

Shifting Bits - Automatic and
Manual Modes
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BilO

Data Line Released

Bit? Reads as "1"

Final Clock Pulse

Bill

Figure 4. SHIFTIN
Sampling Issue
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Another thing this routine does is check the interface

Final Byte From PSX Controller

Controller Sampling with SHIFTIN

bits properly. Combining techniques, we get this:

Get_PSX_Packet_Fast :
IF (ClockMode = Direct) THEN Get_PSX_Packet
LC!IV PsxAtt
SHIFTOUT PsxCmd, PsXClk, LSBFIRST, [$01]
psxOut = $42 : GOSUB PSX_TxRx
psxId = psxIn
SHIFTIN PsxDat , PsXClk, LSBPOST, [psxStatus]
SHI FTIN PsxDat , PsxClk , LSBPOST, [psxThumbL]
SHIFTIN PsxDat , PsXClk, LSBPOST, [psxThumbR]
SHIFTIN PsxDat , PsXClk, LSBPOST, [psxJoyRX]
SHIFTIN PsxDat , PsXClk, LSBPOST, [psxJoyRY]
SHIFTIN PsxDat , PsXClk, LSBPOST, [psxJoyLX]
GOSUB PSX_TxRx : psxJoyLY = psxIn
HIGH PsxAtt
RETURN

Bil7

.- +-. + START JOY-R JOY-L SELECT

0 X 0 ~ R1 L1 R2 L2

\\-----,,...-----;:....y...-~----;....,,...-----;~:-+-+­

Data

\\---'------!-O.--+-L-----+->-----:-.......

Clock

Figure 5. PSX Packet

Bit Samples

,,'--------.....----------/

Speeding It Up
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Byte 3

I was very happy to get the manual code work­
ing and be able to detect the controller type and
read all of the joystick data - until I timed it to find Byte 4

that it takes nearly 145 milliseconds on a stock BS2.
That's just way too long. Look at Figure 2 again.
The only time we really need to use the manual Byte S

(slow) shifting is when something is coming back at
the same time and a command byte is going out,
and on the final byte so that we can read all eight

The routine starts, as we expect, by pulling the PsxAtt
line low. This activates the controller - it works just like a
chip select line (just as the controller behaves as a multi­
byte shift register). The first byte out is $01 (start), followed
by $42 (get data). At this point, the controller type is avail­
able in psxln and gets transferred to psxld for later
use. The next byte out is $00 - the return value at
this point is the controller status which should be
$5A ("ready"). We can use this byte to detect the Byte 0

presence of the controller. If it was unplugged, for
example, the psxld and psxStatus bytes would both
be $FF. The next six bytes in are the button states Byte 1

and joystick values. At the end of the sequence, we
disconnect the controller from the buss by taking
the PsxAtt line high. Byte 2

never see a value lower than 128 on the left joy­
stick V-axis . The manual code does not suffer
this problem. That said, I confirmed my suspi­
cion about SHIFTIN by structuring the manual
code so that it dropped the clock line before
sampling - it behaved exactly like SHIFTIN does.

The manual version is slower, however, by a
significant factor so we have to make a choice
between speed and accuracy. If you're using a
digital controller or don 't need the left joystick
inputs , then you can get away with using
SHIFTIN. If you need to verify the device type, or
need both joysticks, then you'll need to use man­
ual code. Let's go ahead and take a look at the
routine that transfers the full controller packet.

Get_PSX_Packet :
LC!IV PsxAtt
psxOut = $01 GOSUB PSX_TxRx
psxOut = $42 GOSUB PSX_TxRx
psxId = psxIn
psxOut = $00 : GOSUB PSX_TxRx
psxStatus = psxIn
GOSUB PSX_TxRx psxThumbL = psxIn
GOSUB PSX_TxRx psxThumbR = psxIn
GOSUB PSX_TxRx psxJoyRX = psxIn
GOSUB PSX_TxRx psxJoyRY = psxIn
GOSUB PSX_TxRx psxJoyLX = psxIn
GOSUB PSX_TxRx psxJoyLY = psxIn
HIGH PsxAtt
RETURN



is $73 (analog). My experience is
that the Sony analog controller ­
when running in digital mode ­
will disable the analog joysticks.
However, a clone controller mad e

by Pelican Accessories simulates the button presses with
the analog joysticks when running in digital mode. I did
confirm Aaron's observation that the clone controller does
not have the same resolution on the analog joysticks as
the Sony, so be wary of that.

Another Contest

Finally, what about the robot I promised the girls at the
IBM EXITE camp? Well, as you can see by the photo in
Figure 6, I kept my promise and brought a robot that uses
the PlayStation controller. The young lady in the photo is
one of the stars of the BASIC Stamp class - her name is
Dianna and she did a great job with the BASIC Stamp
despite never working with electronics or computer pro­
gramming. She also had no trouble driving the BOE-Bot
with the PlayStation controller - just as we would ex pect.

Let this be a lesson to all of us: It's often a good idea
to design toward customer expectations - in fact , it is usu­
ally the best idea . J've worked with a lot of young engineers
who, in an effort to make their mark on the world, design
things differently just for the sake of being different. I'm
going to suggest you be careful to avoid this [ego-driven)
trap, as it often leads to customer frustration and disap­
pointment for you, the hard-working engineer. Remember
that being original doesn't mean you have to be "different."

Okay, now you have a "standardized" interface device
that is well known to a wide range of customers and sever­
al op tions for using it. How might you use this standard
interface to create something original?

Let the Robot Roll
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Jon Williams
jwilliams@parallax.com

Parallax Inc

Would you like to have a spare Stamp for your collec­
tion ? Perha ps try one that you don't currently own? Okay,
let me tell you how you can get a brand-new Stamp at no
charge - you simply need to send me working BS2 code
for the Sony Dual-Shock controller that selectively acti­
vates the motors (the nine-volt connection to pin 3 of the
controller is for the motors). I am actively pursuing this
myself, but publishing deadlines for the article prevented
me from getting it working. Once I do - or someone shows
me how - I will make that code available to ever yon e, and
the person who sends me the code will get his or her
ch oice of a new BASIC or Javelin Stamp. Any takers?

Until next month, Happy Stamping. NV

BUY.COM •••

More displays available,
includingbright VFDs.
See www.seetron.com

... sells various Playstation hand controllers, as well as
a hackable extension cable (stock GW2J4T).

$45
BPI·2 16N

$119
TRM-425L

Ci rcle # 108 on the Reader Serv ice C ard .

Seetron Serial Leos

Scott Edwards Electronics, Inc.
1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635
phone 520-459 -4802 • ax 520-459·0623
www.seetron .com ·sales@seetron.com

In terface a sha rp LCD display to your BASIC Stam p® or other
micro-controller project with ease. No-solder wiring harn esses
and easy mounting kits available too. See www.seetron.com today.

$99
• 3.2 x 1.4 in . graphics LCD SGX.120L

• 2400/9600 baud serial
• Font and 15 screens in EEPROM
• Easily draw points, lines, scree ns

• 3 x 2 in . supertwist LCD
• 1200-9600 baud serial
• ESD-protected, 4x4 keypad input
• Store up to 95 screens in EEPROM

• 3.2 x 2 in. backlit LCD $49
• 1200-9600 baud serial 'LM·216L

• Advanced protocol, 4 switch inputs
• EEPROM for configuration settings
• Favorite for OEM applica tions

• 3.2 x 1.4 in. su pertwist LCD
• 2400/9600 baud serial
• Low (",2mA) current draw
• Great with BASIC St amps@
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type we're using based
on a constant defin ition.
The transistor inverter
ca n be elimi na ted , but
what this means is that
we must use manual
shifting only. If we set the
ClockMode value for
direct Oust a current lim­
iter, no inverter), then it
will force the program to
the *slow* version of the
code.

By combining tech­
niques, over 100 millisec­

onds in execution can be sh aved off the routine - th is is
valu able time when controlling a robot. The rest of the
demo program (please downloa d from the Nuts & Volts
site ) displays the controller type and values from it. Figure
5 shows the breakdown of the data packet. Note that the
shaded areas are on ly app lica ble when the co ntroller type

"I

!:i
~
I~
""Ih­
I::)Z-------....................
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www.ebaybusiness.com

For great deals on a w ide range oftest and measurement

equipme nt, look to eBay first. With thousands oflistings

for new, used and professionally calibrated equipment, it's easy

tofind the tools and instru mentation solut ions your business

needs. Whether buy ing or selling test and measurement

equipment, eBay is the right instrument to use.

Spect rum A nalvzers
1 ~

Comm unicat ion A nalvzers.

C ircl e #35 on the Re ad e r Servic e Ca rd.

Power Supplies

Probes. Sensors & A ttachments

By any test or measure,
we've got great deals.

Oscilloscop es
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Heimann # AH0640EC02
0.86" w x 1.3" h x 0.58" excluding
leads. Outer leads are 1.64" long
on 0.58" centers. Cente r wire lead.
CAT # FLT-8

$4~~h 1 10 for $4.00 each I

White transformer and cord.
2.5mm coax plug. Center positive.
Individually boxed. UL, CSA. r;:l
CAT # DCTX-681 $350 LJ

60 pes (1 case) each
$2.25 each

480 for $1.75 each
960 for $1 .25 each

Large Quantity Available Class 2
Wall Transformer 6 Vdc 800 Ma

I Shiny Neodymium-Disc Magnet I
Shiny, nickel plated neodymium disk, ®
0.5" diameter x 0.095" thick with a llD
center hole of 0.1" diameter.
CAT # MAG-71

.--- - - - - - ---,

75¢ 32 pieces for 50C each
each 512 pieces for 40C each

I 12 Vdc Squirrel Cage Blower

II

......

QUALITY Parts

FAST Shipping

DISCOUNT
Pricing

10 for $2.75 each
100 for $2.25 each

FAX (818) 781·2653 • INFO (818) 904-0524

E-MAIL allcorp@allcorp.com

50 for $2 .25 each
100 for $2 .00 each

12-24 Vdc Motor

C ircl e #52 o n t he Re ad er Se rv ice C ard.

AA Cell 1800 mAh SPECIAL I
( (( (~ ((@

Ivory in t
off-state.
Glows green l!!~=======~
when energ ized by 120 Vac or inverter. For
backlighting control panels, special-e ffects
lighting, mode ls etc. Solderable pins eX1end
0.2" beyond end of panel. CAT# EL-5

$350 20 for $3.25 each
each 100 for $2.50 each

High-capacity, 1.2 Volt
1800 mAh rechargeable
NiMh AA cell. New cells. Our regular price on
a similar 1850 mAh cell is $3.50.
Limited quantity. CAT# NMH-180

Igarashi Motor
1.46" diameter x
2.5" long reversible
DC motor. 0.125"
diameter x 0.4 " long shaft.
16 Vdc @ 300 mA (no-load rating).

Solder-lug terminals. CAT# DCM-216

$3~~h

LED Tester
Pocket-size led tester.
Makes it easy to check
functionality, color, bright­
ness and uniformity.
Plug any leaded LED
into one of 12 positionson
the socket strip to test at current
ratings from 2-50ma. The seven
middle positions on the strip are set at 10 mA
allowing comparison of LEOs in those spaces.
Requires 9 v battery (not included). 895
CAT# LT-100 $ each

Is"X 1" Electroluminescent StriPI

Case of 36 for
$30 .60 (85¢ each)

R

4 LED Flashlight

o

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

MAIL ORDERSTO:
ALL ELECTRONICS CORP.

P.O. BOX 567' VAN NUYS, CA 91408-0567

The Brightest!!!
Super-Ultrabright Red LED

c

ILL
ELE

Tactile Pushbutton Switch

Compact, rugged, black aluminum flashlight
provides a high-intensity light that can be seen
over a mile. Light is provided by four low-cur­
rent, high-brightness white LEOs, so the batter­
ies last 10 times longer. LED lamps are shock­
resistant and water-res istant and have a long
operating life. Flashlight is 7.5" long x 0.72"

diameter (handle). Includes $1250
3 AA batteries. CAT# FL-4 each

ORDER TOLL FREE 1-800-826-5432
Shop ON-LINE www.allelectronics.com

10 Compartment
Plastic Storage Box

Alps. S.P.S.T. N.O. momentary push n
button switch with 0.05" high red ••
plunger. 0.24" square x 0.15" high body.
Rated: 12v SOma (max). 0.50" long wire
leads. Tape and reel packaging.
CAT# MPB-131

4 $1 00 100 for $20.00
for - 1000 for $150.00

NO MINIMUM ORDER' All Orders Can Be Charged to Visa, Mastercard, American Express or Discover' Checks and Money Orders Accepted by Mail ,
Orders Deliveredin the State of CaliforniamustincludeCalifornia State Sales Tax' NO C.O.D' Shipping andHandling $6.00 for the48 Continental United
States - ALLOTHERS includingAlaska. Hawaii, P.R.andCanada Must Pay Full Shipping • Quantities Limited . Prices Subject to change without notice.

6000 mcd. Brighter than our ultrabright ~~
LEOs, this is the brightest 5mm red
LED we've ever sold. Clear in the
off-state. Standard T 1-3/4 package.

CAT # LED-94 10 for 65¢ each

75 ¢ 100 for 50¢ each
each 1000 for 35¢ each

Transparent hinged plastic bO.
with 10 compartments.
Great for parts storage or
display of small items. -
Outside dimensions
7" x 3.4" x 1.25". Friction-lock
lid with dual clasps. Each box individually wrapped
in a cardboard sleeve. CAT # 8B-10
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Guest Hosted by Karl Lunt Amateur Robotics

Understanding! Designing! and Constructing Robots & Robotic Systems

Amateur Robotics
Several different designs for software interval timers are presented and some of the pitfalls to

avoid in writing these important elements of robot code are discussed.

A
lmost all robot code needs
some way to measure time in
the range of milliseconds to

several seconds. Tasks such as tim­
ing the rate of a blinking LED or
measuring timeout delays for sensor
loops don 't need to be terr ibly accu­
rate, but you still need to design the
code. This article will cover several
ways of timing such intervals.

Quick and dirty
The simplest interval timer you

can create is a counting loop. Here is
what it looks like in C:

for (n=O ; n<TIM EOUT ; n++) t

II a simple counting loop

The CPU will hit th is loop and
essentially freeze while it increments
N from 0 to whatever you've defined
TIMEOUT to be. From the larger view,
this is usually a pretty poor choice for
timing intervals.

First off, it wastes CPU cycles ­
normally a precious commodity in
embedded firmware. Cycles spent
counting to TIMEOUT are not avail­
able for other tasks, such as checking
for intruders or tracking motor
motion.

Another problem with th is tech­
nique concerns the timing resolution.
Each time through the loop repre­
sents a very small number of
machine cycles. For example, the C
compiler might translate this loop
into three or four lines of assembly
language - on a 16 MHz 68hc12 sys­
tem, this loop would execute in about
10 machine cycles. At 125 nanosec­
onds per machine cycle, each loop
provides 1.25 microseconds of delay.
This is fine for small delays, but it gets
unwieldy for larger values. For exam-

SEPTEMBER 2003

pie, you would need a TIMEOUT
value of 800,000 just to get a one-sec­
ond delay.

You must always view interval
timers from the system level. While
your robot is running, your program
will likely be servicing interrupts from
various sources, such as motor
encoders, serial ports, or sound gen­
erators. Each of these interrupts is
processed in the background, while
the timing loop above runs in the fore­
ground.

This means that each time an
interrupt fires, the CPU stops count­
ing momentarily and services the
interrupt. If enough interrupts happen
throughout the course of the timing
interval, the final delay can be larger
than the expected value. This isn't too
critical if you 're trying to time an LED,
but other tasks may need greater
accuracy.

Does all this mean you should
never use the counting timer? Of
course not. Despite its problems, it
can prove useful. For example, con­
sider the following code fragment:

for (n =O; n<TIMEOUT; n++)
{

if (SCOSRI & Ox20) break ;

Here, I've used a variant of the
counting timer to check for an incom­
ing character on a serial port. Control
is guaranteed to reach the end of the
loop. If N equals TIMEOUT at the end
of the loop, you are almost positive
that a character did not arrive before
the TIMEOUT interval.

Of course, a character could have
arrived an instant after the last count
in the loop, so you ma y want your
code to test SCOSRlone last time
at the end of the loop. But this
loop will terminate early should a

character arrive .
Note that this loop assumes a

fairly small value for TIMEOUT, say a
few milliseconds. It isn't bothered by
delays from servicing other system
interrupts, since waiting a little longer
isn't normally a problem in such a
polling loop. This type of counting
timer can be used to poll for other
events, such as EEPROM write com­
pletion or SPI transfers.

Down-counting
timers

My tiny4th compiler uses down­
counting timers. These are variables
that automatically decrement to zero
at some fixed rate . Once a down­
counting timer reaches zero , it stays
there until loaded with a new value.

The code beh ind a down-count­
ing timer is pretty simple. It can be
expressed in Cas:

if (Timer) Timer- - ;

In actual practice, you will usual­
ly need several of these down-count­
ing timers, so you can assign a sepa­
rate timer for each of several tasks.
Therefore, you would need code such
as:

for (n =O; n<NUM_OF_TIMERS ; n++)
{

if (Timer[n]) Timer[n ]- - ;

The above code will handle an
array of timers , where the value
NUM_OF_TIMERS is chosen at com­
pile time and represents the number
of timers.

To make this work , your code
must execute the above loop at a
fixed rate , called the tick rate. Most
modern MCUs have a real-time inter-
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Th is technique has several
advantages over the simple counting
loop we looked at earlier. For one
thing, the timing takes place in the
background, and CPU cycles are only
used for timing when the RTf fires .
This lets you r code do useful work
during the timing interval.

Note also that the accuracy of
the timed interval is shielded from the
effects of other interrupts. So long as
the tota l de lay caused by other inter­
rupts within a sing le timing interval
does not exceed the tick rate, the
timed interval will be accurate.

Another advantage with this sys­
tem is the adjustable granularity of
the tick rate. Your code can set the
tick rate to any value supported by
the MCU's RTI sub-system. As I men­
tioned above, my 68hc 12 programs
use a tick rate of 122 tics per second.
A 16-bit va riable can nominally span
from 8.192 milliseconds to over 537
seconds.

In practice, you will not get reli­
able timing in the very short intervals.
Writing a 1 to a timer, for example,
will not get you an 8.192 millisecond
delay. Th is is because you r fore ­
ground code cannot know when the
current tick ends as it writes a value
to a timer. For best results, plan on
writing time r values no less than 10.

This timing system, while very
useful, does have one small problem.
While it frees up most of the CPU
cycles between timing intervals, it
does do a lot of processing at each
interval. Granted, it doesn 't take
much time to run through the array of
timers, testing and decrementing as
needed. Still, those are cycles your
foreground program doesn't get to
use. And the larger the array of
timers, the more cycles are spent in
timer servicing.

Timer[ O] = TI MEOUT ;
II start with the timeout value
while (Ti me r [O] )

II while not timed ou t .. .
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I I
I I Insert y our code he r e
II

There are cases when the down­
counting timers aren 't the best

The system timer

Transceiver
Modules

Gain jt
Antennas .I

www.rfdigital.com
1-818-541-7622

Function Modules

FCC PRECERTIFIED & ready to
customize for your applica tion.

Wh ips

array once every 8.192 milliseconds.
At that time, every timer is tested
and, if not zero , decremented.

To use a down-counting timer,
my mainline (foreground) code writes
a value to a timer, then occasiona lly
checks that timer to see if it has hit
zero . At zero , my code can assume
that the timeout occured and can
continue processing . This looks
something like:

Add INSTANT wireless analog / digital
capability to your produc t.

www.digikey.com
1-800-DIGI-KEY

Key fob TX 's

Mu lti-Channel Modules

Low -Cost Permanent

Circl e #122 on th e Re ader Service Card .

Embedded Chips

Low-C ost TX .
RX Mo dules
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rupt sub-system (RTf) that can be set
up to generate an inter rupt at fixed
intervals.

This means that the loop must
happen in the background , as pa rt of
the RTI interrupt service routine
(ISR). For example, my 68hc12 sys­
tems set the RTI interval at 8.192 mil­
liseconds, or slightly mo re than 122
tics per second. Using the above
loop, my code will process the timer

BRING YOUR WIRElESSPRODUCT QUICKLY AND LEGAllY TO
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ch oice. Perhaps your program would require so many
timers that the ISR for checking the timers would con­
sume too many CPU cycles. Or you might find keeping
track of the different timer array entries too cumbersome
or error-prone.

Another opti on is the concept of a system timer. This
software device is a sin gle, large variable th at starts at
zero when the MCU comes out of reset and increments at
a fixed tick rate. To time an event, your code must first
record the value of this system timer at the start of the
event, th en periodically compare the current system timer
value to the rec ord ed value. The code to implement a sys­
tem timer couldn't be simpler. In C, it looks like:

It writesyour USB code!

HIDmaker $399

HIDmaker automatically creates PCprograms
(VB6, Delphi, C++ Builder) and PICprograms
(PicBasic Pro, MPASM, Hi-Tech C, CCS C)
for you at the same time. These ready-to­
com pile PC & uC programs already know
how to talk to each other over USB.

/I
II Insert your code here
II

This code is executed within the system's RTI ISR. For
my 68hc12 systems described above, this means the sys­
tem timer increments 122 times per second. Notice that
this method generates a tiny ISR module, which means
very few cycles spent servicing the tick interrupt.

You will want to use a very large variable (at least 32
bits) for Timer. Remember that in my case, each count
means 8.192 milliseconds. Thus, a 32-bit timer will roll
over (wrap around to zero ) after 4,294,967 ,295 tics , or
almos t 408 da ys .

Impl ementing this system timer is pretty easy.
However, usin g it isn't as simple. The obvious attempt, as
sh own here, will fail:

II add one to the t imer value
,.Jm.J Designing your

USB software
is a snap with
HIDmakers
Visual Data
Designer.
HIDmaker
makes real
Windows GUI

programs. Customizing is a breeze with HIDmaker
Software Framework. SING LE CHIP SOLUTIONuses
PIC16C765/745 with built in USB!
NO extra chips or boards to buy! NO royalties!
NO device drivers! NO need to be a USB expert!

HIDmaker Test Suite $149
Conta ins USBWatch & AnyHID Programs

II compute final time
II this will fail !

end = Timer + TIMEOUT ;
while (T imer < e nd )
{

Time r++ ;

P.O. Box 453
Bowie, MD 20718-0453
301-262-0300
www.t racesystemsinc.com

il _USU.t • Ox4 ( I ll' token r ecalved at Inojp oint 0 l
IlSS_d av_xa q: OxO ( ClU r a n t ly pro"."1n!iJ .. CIT_STJ.TUS: lor .. I

SYSTEMS./nc.

USBWatch: Lets you see the USB traffic going to
and from your USB device, even during "enumera­
tion," with NOexpensive USB bus analyzers needed!
AnyHID: Test any USB HID device, even if you didn't
design it yourself. i;"'B MWZiUlU", 1m ::;
"Browse" for HID
devices: what's
inside each, who
makes it, what
data it sends,
even what the
data is used for.
BONUS: Source

n o I II <lac. : " byt. e (s l

Code, in multiple ~:~~

languages! DaCe

The pro blem lies in the behavior and timing of the
ISR. It is easy to read the above code and assume that
ea ch line of code will be executed as a single, uninterrupt­
ible chunk, known as atomic. In reality , the C compiler will
turn each line into one or more lines of assembly code.
For the most pa rt, each line of assembly code is atomic,
but the C code lines certainly are not.

For example, it is virtually certain that, given enough
time, the RTI ISR reponsible for updating the system timer
will execute during the while statement, at the exact
instant that the CPU is fetching the 32-bit Timer variable.
The 68 hc 12 does not have a single instruction for fetching
a 32-bit value from memory, nor does it have a single
instruction for incrementing a 32-bit value. This means the
C compiler must generate a sequence of assembly lan­
guage instructions for each such operation. For example,
the C compiler might read the current value of the Timer
varia ble by first reading the high 16 bits and saving them,
then reading and saving the low 16 bits.

If the RTI ISR fires between these two reads, the value
in Timer will have changed during the execution of th at
line of C code. The change can cause the comparison
within the while statement to fail, throwing control out of
the loop too soon. Interestingly, the obvious attempt to fix
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th is prob lem, shown below, will also fail, but for a different
reason:

II
II Insert your code here
II

disable_interrupts() ; II no interrupts
II allowed

t = Timer ; I I save a copy of
II Timer

enable_interrupts() ; II interrupts are OK
if ( t > end) break ; II if timeout , leave

II l o op II get a copy of
II Timer

if (t ! = Timer) II i f not the s ame
II twice ...

t Timer ; II this one mus t b e
I I righ t

r e t u r n t :

unsigned int t ;
t = Timer;

un s i gn e d int GetTimer(void)
{

Karl Lunt is a long-time author of articles for the beginning
and intermediate robot builder. His book, Build Your Own Robot!,
contains over 50 of his past Nuts & Volts articles, taken from his

popularAmateur Robotics column. His website,

www.seanet.com/-karllunt. contains a wealth of hobby
robotics information and tools.
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II
II Insert your code here
II

Time to go

since interrupts are disabled for a high percentage of the
time .

A simpler approach is to accept the fact that occasion­
ally the RTI will fire in the middle of a read or write to the
Timer variable, and design your code to deal with this.
Here is one way to access this system timer variable with­
out fear of ISR corruption:

end GetTimer() + TIMEOUT ; I I c omp u t e f i n a l time
while (GetTimer() < end) II this wi l l wor k !
{

Here , I've included a dedicated routine , called
GetTimer() , that reads Timer twice and compares the two
values. If they are different, the RTI fired in the middle of
one of the accesses, so a th ird read is done and this value
is returned.

Note that there is still a very remote chance that this
rout ine could fail. If the RTI fired in one of the first two
accesses , then inte rrupts were somehow disabled or
starved for exactly one tick inte rval, the th ird access of
Time r could also get corrupted. This isn 't likely to happen,
but you need to be awa re of the weakness.

Incidentl y, using GetTimer() to compute the value for
END before entering the loop also side-steps the possibili­
ty of corrupting the initial value, a flaw that the first two
versions of this code share.

This articl e has examined several different methods of
generating timing intervals in software. I haven't gone into
the details of the ISRs - they will va ry based on the MCU
you use.

But the concepts here can be applied on nearly any
MCU, and should help you avoid some of the subtle prob­
lems associated with software timers. NV

II compute final time
I I do forever . . .

end = Timer + TIMEOUT;
while (1 )
{

This attempt uses a brute-force method to prevent the
RTI inte rrupts from affecting the Timer value as it is being
read. Here , inter rupts are disabled du ring the brief moment
when the Timer value is ac cessed at the top of the loop.

Unfortunately, th is approach shuts off all interr upts, so
other impor tan t events , su ch as mo tor encoder updates or
inco ming serial charac te rs , are also locked out until inter­
rupts are re-enabled.

The prob lem come s because, qu ite often , the code
within the loop deteriorates into a po lling loop, similar to
the loop above that polled the SCOSR1 registe r. In such
cases, th is loop se riously degrades system performance,





Electronics Q&A
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Chromaticity Diagram
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At A Crossing

version of the VUV color space where
V represents luminance (or bright­
ness) , U represents color, and V rep­
resents the saturation value. Here , the
RGB color space is separated into a
luminance part (V) and two chromi­
nance parts (Cb and Cr).

The historical reasons for this
choice over RGB were to reduce stor­
age and bandwidth. Since the eye is
more sensitive to change in bright­
ness than change in color, the reduc­
tion in bandwidth requirement
seemed a valid trade for little or no
visual difference.

As for the orig in of V, in 1931 the
CIE defined three standard primaries:
X, V, and Z. The V primary was inten­
tionally chosen to be identical to the
luminous-efficiency function of the
human eye.

All the visible colors are then rep­
resented in a horseshoe-shaped cone
in the X-V-Z space. If we assume that
the plane X+V+Z=1 and project it onto
the X-V plane, then we get the CIE
chromaticity diagram shown in
Figure 1.

~"". My application is for a model
'"(railroad crossing signal. I want to
have two LEDs flash alternately, but
slow enough to look realistic (about
one second apart). I plan on using a
12-volt SPST miniature relay, but how

y 520 540

510

500

y

z

~"". In your June '03 column, the
'"(reader said the C in V/Cb/Cr
stood for Component. I always
thought that when color video was
coded with a separate luminance part
(component?) , the color portion was
called Chrominance and was deter­
mined using two other signals. This
was more useful than RGB because
the luminance was available directly
as a B/W signal , while for three phos­
phors, the green could be derived by
subtracting red and blue from lum i­
nance (V). I don't know where the V
comes from, but I suspect the C
stands for Chrominance.

A Color By Any
Other Name

Jim
via Internet

. Depending on who you talk to ,
he C in V/ Cb/Cr can stand for

Chrominance (CIE), Chroma (broad­
cast industry) , or Component (manu­
facturer) - hence, the reason for the
V/ Pb/Pr (Progressive Component)
used in manufacturing circles.
V/Cb/Cr Color Space, where lower
case b means blue and r means red ,
was developed as part of the
Recommendation ITU-R BT.601 for
worldwide digital component video
standard and is used in television
transmissions .

V/ Cb/Cr is a scaled and offset

What's Up:
Lots of little circuits,

along with some more

serious designs. TVI filter

for taxi noise and a sub­

woofer filter.Video fade

to black control and

three-lead fan explained.

Reader fixes flaw in

June's gameshow buzzer.

In th is column , I answer

questions about all aspects

of electronics , including

computer hardware,

software, circuits, electronic

theory, troubleshooting, and

anything else of interest to

the hobbyist.

Feel free to part icipate

w ith your questions, as

well as comments and

suggestions.

You can reach me at:

TJBYERS@aol.com.
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555
7
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LED Flasher

220k

SV to ISV

10k

• It's easy to add a latc h to a 555
chmitt tr igger, as shown in

Figure 4. In this configuration, the
output (pin 3) goes high when the
trigger input (pin 2) is grounded, and
goes low when the ground is
removed. With that in mind, it's easy
to see how the addition of a transistor

Schmitt trigge r and now have a nice ,
pulsating DC signal that I want to use
to trigger and latch a relay. The new
alarm will connect to the contacts of
the relay. Any help you ca n provide
would be greatl y appreciated.

Jerry B.
via Internet

Relay Motor Driver

Timing

Resisto rs

DC Moto r

Moto r
Voltage

SV to ISV

555 3

a 4

Timing
- - - Capacito r I

T r ansistor Motor Drivers -=-

Q I have a small 0-20
sv to ISV Moto r

+V

hour kitch en time r, and I Voltage

want to install a louder ala rm
4 .:that will latch on until I ma n- a

ually reset it. I've removed
Timing I 7

3

~DCMO'O'
the piezo noise maker (which

Resisto rs 555

sounded for 60 seconds) and
checked the waveform (ugly)
of the piezo driver. I cleaned Timing2

up the waveform using a 555
Capacito r I

- - - rz:

555 Schmitt Trigger

configuration (Figure 3) completely
isolates the integrated circuit from the
motor, which gives you the widest
range of voltage and current options.
In th is configuration, the relay coil
voltage must equal +V.

Your other option is a transistor
driver. By their very nature, transis­
tors are voltage, current, and pola rity
sensitive - but they are st ill well-suit­
ed for small DC motor control. When
the motor voltage isn't within the 5- to
15-volt ran ge of the 555 timer, the
NPN circuit on the left is the one to
use. In th is configuration, the transis­
tor behaves like a solid-state relay ­
as long as the breakdown voltage and
collec tor cu rrent meet or exceed the
demands put on it by the motor.
When the motor voltage is in the
range of 5 to 15 volts, but the cu rrent
draw is in excess of 200 mA, the PNP
circuit on the right is pre ferred. Why?
Simply because it's better to brea k
the positive line rather than the
ground line when turning off power to
the motor.

Timing

Resisto rs

Timing

Capacito r I

do I connect it to provide an alternat­
ing signal?

Ted Aso usa
via Internet

1) Drive the moto r (it won't),
2) Use a trans istor to switch the

moto r on.
3) Use a relay to switch the motor on.
4) Let the 555 drive a se rvo.

~"". I have a small DC motor that I'm
"(trying to turn on and off at meas­
ured intervals to turn a sma ll, gear­
driven dev ice (the rest of the details I
won't bore you with). I have found a
circuit that uses a 555 time r to turn
an LED on and off repeated ly, and
have played with the capacitor to time
things about right, but do I use the
voltage that is turning the LED on and
off to:

Simple DC Motor
Driver

Scot t Vore
via Internet

A . The 555 is able to provide up to
~oo mA of drive cu rrent, so eithe r
your motor demands more current
than the ch ip can supply, or the Vcc
voltage doesn't match the motor's
voltage. As to which driver to use for
your "toy," it depends. Probably th e
most universal would be a relay. This

SEPTEMBER 2003

A.Why use a relay when a much
smaller, less power-hung ry 555

ch ip can do the same thing? Wha t
you need is a simple as table multivi­
brato r with the LEDs connected to the
output (pin 3), as shown in Figure 2.
When the output goes high, the bot­
tom LED lights; when it goes low, the
top LED lights . Want the ding-dong,
too?

This flasher can also be used as
an attention-getter for advertising dis­
plays and toys. The flashing rate can
be adjusted by the 1uF capacitor. The
larger the capacitance, the slower the
rate . Moreover, the flasher rate is not
voltage sensitive - any voltage
between 5 and 15 volts will work .
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New Crop Of Cheap
EDA Software

Bob Drought
via Internet

quality. Instead, eSketch has an
excellent Spice simulator that creates
performance curves for everything
from simple voltage magnitude to
Monte Carlo analysis. In fact , [ used it
to design the filter for the following
question "Taxi TV[ Blues ."

Taxi TVI Blues

• [ hope you can help me with a
roblem with a serious TV inter­

ference problem. My friend's elderly
parents live in an urban area where
they have to use an outside antenna
for TV reception because they can't
afford the luxury of cable. He asked
me to look at their antenna system to
see if [ could improve the reception.
After inspection, [ decided to
upgrade the antenna and install coax
cable for the downlead.

The new reception proved quite
good, except that at times a dark
interference pattern runs up and
down the screen. I have had some
experience with TVI and recognized
this as such. Up on the roof again
and what do [ see about 100 yards
away? A single rod antenna on the
building next door! It turns out to be
a taxi company broadcasting on
162.110 MHz.

I've tried various methods to get
rid of this interference, but all have
proved to be fruitless. Even an FM
trap didn't work (l think it's the
wrong frequency). So, my question
then, is it possible to build or buy
such a filter?

Tony Serra
via Internet

Moderate cost ($200.00 or so)
would be okay.

• Up until a week ago, I
would have said to down­

load a free copy of CircuitMaker
the Student

version at www.micro
code.com. lt lets you draw
schematics and simulate your

design. But thanks to email mes­
sages from readers Dennis McMillan
and Brian Roth, you now have a sec­
ond option - AutoTRAX EDA
(www.autotraxeda.com). Like
CircuitMaker, it lets you draw
schematics and simulate designs ­
plus , it lets you make a printed circuit
board (PCB) of your circuit. Best of
all is the price. The Lite version sells
for just $45.00, with the full version
tipping the scales at a mere $95.00
(at the time of this writing). A demo
version is free.

[f you don't mind working with
just passive components (resistors,
capacitors, inductors) with or without
an ideal op-amp - no transistors, no
VCO, no ADC Schematica
Software (www.schematica.com)
sells a dynamite shareware program
called eSketch - priced at $29.00 for
the Light Edition and $69.00 for the
PRO version. The schematics are
easy to draw, but aren't magazine

+5V

ANT
OUT

2.2pF

"n
IOPF~IUH

10k

luH

I 61-MHz TVI Filter

Ii'"
IOPF~IUH

ANT
IN

~"'. Could you recommend a circuit
'-{design software program for use
on [BM PCs. The software ['m think­
ing of allows you to simulate Ks,
meters, and so on . Ease of use would
be a primary consideration.

from the output to the trigger input
can cause the circuit to latch. When
pin 3 goes high, base current flows
through the transistor and turns it on,
which, in turn, grounds pin 2. This
condition will remain until the base
current is removed (pin 3 low) by
grounding the reset input (pin 4).

An AC voltage with a swing of
three volts or better is all that's need­
ed to trigger the circuit. [f your piezo
driver's output voltage isn't up to
the task, add the small-signal ampli­
fier shown in the box to the lower
left.

Pulse Latch

• What you need is a TV notch fil­
ter tuned to a frequency that

resides between cable channels 20
and 21. You could buy a channel 21
filter from the local cable company
and hope it does the trick , or build
one yourself using the circuit in
Figure 5. Just be aware that this is no
easy chore because any stray wire
will detune your circuit.

Basically, the design is a three­
po le pi-filter tuned to 162 MHz. [ have
selected the capacitors and inductors
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-. Subwoofer
O ut

10k

Fan Speed Co nt roller

+1 2V

Remove all SMDs safel: ":ith Chip Quik
and a solder iron. l've ::;ted it and it
lives up to its braggir. Free samples

from:
www.chipq ••.:•.•om

Cool Web Sitesl

Find your birthday in he numer ical
sequence of Pi.

www.anglo.netlpil 'query

TwistYour Noodle Brain Teasers
http ://chlpcenter.comleexpertldashby/

archive_tyn.html

A.Sure, and here it is (Figure 7) .
This circuit uses two op-amps to

accomplish the task. The first is a low­
pass filter with a cut-off frequency of
about 150 Hz. The second filter sharp­
ens up the roll-off frequencies so that
you don't get a hard boom below 10

Ohm 's Law Calculator.Three calculators
to determine the missing value in an

electronic circuit.
www.eworld.contactbox.co.uklcalc/

calcohms.htm

.00 1

lOOk

22k

+
I IOOUF

27k

Subwoofer Filter

1200pF

680k

Woof Woof, No Bow
Wow

Q I am thinking of building a sub­
woofer us ing the signals from my

stereo speakers. I want to combine
the signa ls and feed them through a
low frequency filter into a high-imped­
ance amplifier. Ca n you give me
some ideas?

Stan
Port St . Lucie, FL

even with the power on .
A big problem in fan control is

the non linea r behavior of the fan with
respect to input voltage. The typical
fan does not even begin to rotate unt il
about th ree to eight volts is applied.
And this voltage is subject to varia­
tions with tem perature and age. By
building a tachometer inside the fan,
full voltage can be applied for a high­
torque, fast start, then feathered back
to maint ain the desired speed.

Figure 6 shows how to adjust and
maintain the speed of the fan using a
control voltage and tachometer feed­
back. The control voltage is applied
to the non-inverting input and the
feedback is applied to the inver ting
input.

The feedback loop conta ins both
differentiation and integ ration - the
time constants of which have to be
found empirically for a given make
and model of fan (once found , they
ca n be fixed for the same model). The
valu es shown work for the majority
of fa ns of this genre; resistor R1
determine s the range of the control
voltage: 390k = 0 - 2.5V, 180k = 0 ­
1.25V.

· The yellow wire is con nected to
a n open-collector trans istor that

produces a pulse tra in in proportion
to the fan's speed. Typically, this wire
is used as a tachometer output to
control fan speed under varying volt­
age and load conditions. By connect­
ing an LED between the 12-volt line
(red wire) and the tachometer output,
you inadvertently crea ted a "fan-spin­
ning ," a. k.a, power-on, indicator. At
stall , though, the LED ma y not ligh t -
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Q I like to keep my projec ts cool
us ing a small fan. I recently pu r­

chased a fan for a project and noticed
a third (yellow) lead in addition to the
normal red and black wires. Doing
some testing, I discove red tha t there
was a 12-volt squarewave betwee n the
red and yellow leads , whose frequ en­
cy va ried with the fan speed. By con­
necting an LED and dropping resistor
between the yellow and red leads, this
seems to work very well as a power­
on indicator. However, I don 't know
how the squarewave is generated and
wha t would be the best method of uti­
lizing this for power-on indication .

Ray Heller
Ma nassas,VA

Keep The Cool

to be the same value to reduce inven­
tory , with the exception of L1, which
has to be a variable inductor.

Construc t the filte r us ing the
shortest leads possible, preferab ly on
a printed circuit board, and use quali­
ty RG/59 connectors for the ANT IN
and ANT OUT (they, too , have to be
very close to the filter components).
Simp ly adjust L1 until the interference
disappears. Be aware, sloppy con­
struction can make or break this filter.

If you don 't feel up to the task,
Rainbow Electronics (www.ra in
bowkil s .co m ) provides a TV Notch
Filter kit (DF-222) of simila r design
that can be adjusted to filter out th is
frequency. One last thing - because
of the close proximity to the taxi com­
pany's transmitter and you r TV an ten ­
na , you may neve r be able to remove
100 percent of this inte rference.



Unsigned
via Internet

can't afford the $100.00 that a
commercial unit costs. If you know
any video fader circuits, I would like
to know of them.

• If I read your question right,
you want to dub video from

one VCRto an other to make a pres­
entation "movie" and would like to
fade to black between clips. The
simplest circuit uses a variable
res istor with an isolation diode, as
shown in Figure 8.

However, the impeda nce
matching and amplitude levels aren't
correct for all situations, and I can't
guarantee it will work reliably. But
given its simplicity, it doesn't hurt to
try.

One of the probl ems you may
encounter with the above circuit is
the loss of sync as you advance the
fade control, which willcause the pic­
ture to roll and tear. To keep thisQ.I'm helping my church make a

video fader simply because we

Hz or above 200 Hz. Realize that this
circuit is designed for usewith 15- to
la-inch woofers in a good reflex baf­
fle or horn enclosure. Anything
smaller would be speaker suicide.

Fade To Black

Video
Out

The Winner Is

Gameshow Buzzer

Simple V ideo Fader

~~ ~~~~~~.~~~~
LI L2 L3 L4 LS L6
~ 7 7 7 7 7

- - -- - -

+12V

15V

5k

·15V

COMPOSITE SYNC

':" "FADE ':'
CONTROL"

74HCI4

1

1000

1000

1500

L.-_-+_~~ I Ok LTI004
.....---------1-...) 2.5V

20k

COMPOSITE SYNC

(FROM 74HC I4 PIN 2)

Video Fader With Sync

VIDEO IN c .
IN 57 11

'\.... 10 IJF
0

':"
R.

75 10k
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Brad Lieffr ing
via Internet

MAILBAG

Ted Gerutta
via Intern et

from happening, you have to sepa­
rate the sync signal from the video
signal us ing a sync separator, then re­
combine them at the video output.
Linear Technology has simplified this
process with the LT1251 video fader
and voltage controlled amplifier
(Figure 9).

This chip contains two current­
feedback op-amps that feed a com­
mon output. The gain of the op-arnps
is individually controlled to adjust the
amount of signal each contributes to
the output. ICI separates the sync
from the composite signal, buffers it
via the 74HC14, and passes along
the signal to the lower amp of the
LT1251. .The 5k Sync Level pot
adjusts the amount of voltage it takes
to keep the picture faithful as you
fade to black.

Dear TJ:
If you build the "And The Winner

Is!" project in the June '03 column,
make sure to note that is uses
momentary push-button switches.
Having built a very similar circuit
years ago, I ran into a problem with
multiple lights coming on .

This was due to the fact that I
used regular push-button switches,
not momentary ones. If you use reg­
ular push buttons with the circuit
shown, multiple lights will light if the
first player holds their button down.

Dear TJ:
In reference to the circuit design

for the "And The Winner Is!" in the
June '03 issue, if the first contest­
ant holds down the sw itch, the
latched relay will send power back
through the switch, keeping every­
one else's switch enabled and
resulting in multiple lights. The sim­
ple answer is a diode in series with
each switch to block power feed­
back (Figure 10).
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The Robot Builder's Bonanza
by Gordon McComb

A major revision of the
bestselling "bible" of ama­
teur robotics building­
packed with the latest in
servo motor technology,
microcontrolled robots,
remote control, Lego
Mindstorms Kits, and other
commercial kits. $24.95

Troubleshooting
Circuit Troubleshooting

Handbook
by John D. Lenk

When it comes to r------~

troubleshooting, no Circuit
other book even Troubleshooting
comes close - hun- Handbook
dreds of circuits are .ioIw' D.l-*

covered in this exhaus­
t ive handbook. Heavily
illustrated with dia­
grams and schematics,
it uses an easy-to-fol­
low format to help
readers understand and troubleshoot a
wide range of circuit types , and provides
proven circuit testing techniques for all
levels of instrumentation. $39.95
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Electronics
Encyclopedia of Electronic

Circuits Vol. 7
by Rudy Graf

Designed for quick
reference and on-the-job
use , the Encyclopedia of
Electron ic Circuits,
Volume 7, puts over
1,000 state-of-the-art
electronic and integrated
circuit designs at your fin­
gertips.This collection
includes the latest des igns ­
from indust ry giants such as Advanced
Micro Devices, Motorola,Teledyne, GE, and
others, as well as your favorite publica-
tions, including Nuts & Volts! $39.95

Understanding Automotive
Electronics Sixth Edition

by W illiam B. Ribbens__."~H
This new edition explains
electronically controlled
(EC) vehicle motion con­
trol systems including
advanced suspension, elec­
tric powe r steering, 4­
wheel steering and electric
brakes .The braking sys­
tems are part of an inte­
grated motion control system that couples
ABS brakes , traction control, and variable
vehicle dynamics for enhanced stability.
Also covers the development of
hybrid/electric vehicles. $39.99

JunkBots, Bugbots, and Bots on
Wheels: Building Simple Robots With

BEAM Technology NeWI
by David Hrynkiw / Mark Tild en

Ever wonder what to do
with those discarded
items in your junk draw­
er? Now you can use
electronic parts from old
Walkmans, spare remote
controls, even paper clips
to build your very own
autonomous robots and
gizmos. Get step-by-step instructions from
the Junkbot masters for creating simple
and fun self-guiding robots safely and easily
using common and not-so-common objects
from around the house. Using BEAM tech­
nology, ordinary tools, salvaged electronic
bits, and the occasional dead toy, construct
a solar-powered obstacle-avoiding device, a
mini-sumo-wrestling robot, a motorized
walking robot bug, and more. Grab your
screwdriver and join the robot-building
revolution! $24.99

Building Robot Drive Trains
by Dennis Clark / Michael O w ing

This essential title is just .R O B OT
what robotics hobbyists .. .. ..
need to build an effective
drive train using inexpen­
sive, off-the-shelf parts.
Leaving heavy-duty "tech
speak" behind, the authors
focus on the actual con­
cepts and applications nec­
essary to build - and
understand - these critical $24.95
force-conveying systems.

Combat Robot Weapons
by Chris Hannold Newt

Build combat robots
that smash, slash, and
pummel the ir way to
victory with McGraw­
Hill's Combat Robot
Weapons. Including
detailed information on
weapon construction,
fight strategy, and t ips
from combat robot
guru Chris Hannold,
th is practical guide delivers everything you
need to know to add a wide variety of
weapons to your robots. $24.95

Everything you need to build your
own robot drive train:

*The Basics of Robot Locomotion
* Motor Types:An Overview
* Using DC Motors
* Using RC Servo Motors
* Using Stepper Motors
* Motor Mounting
* Motor Control
* Electronics Interfacing
*Wheels and Treads
* Locomotion for Multipods
* Glossary of TermsITables, Formulas

CNC Robotics
by GeoffW illiams

CNC Robotics gives you .........
step-by-step illustrated
directions for designing,
constructing, and testing
a fully functional CNC
robot that saves you 80
percent of the price of
an off-the-shelf bot ­
and that can be cus­
tomized to suit your
purposes exactly, because you designed it.
Written by an accomplished workshop
bot des igner/builder. $34.95

LEGO Mindstorms Masterpiet:es:
Building and Programming

Advanced Robots
While many LEGO ....-_"WI
books exist that show
step-by-step instruc­
tions, they lack substan­
tially detailed explana­
tions about the building
techniques used by the
builders and the gener­
al concepts that are
fundamental to the
projects.These reflec­
tions are the foundation of LEGO MIND­
STORMS Masterpieces. The goal of this
book is to present very sophisticated
projects with the maximum level of detail.
In the book, you will find not only high­
quality step-by-step instructions for build­
ing all of the robots, but also a complete
description for each of them, including
goals, building techniques, programming
techniques, and the theory supporting the
designer's choices. $49.95

Robotics ~;;;]>'l

Anatomy of a Robot
by Charles Bergren, J.--Prllil

Discover how robots artie- -
ulate movements, how they
see and hear, what gives
them their power, and, at
times, the ir gentleness.
Delve into the robot's
"brains," and learn how
experienced robot design-
ers use control systems to ._ ft ....
make their machines think . Much more
than an enumeration of parts, Anatomy of a
Robot exposes the life and human creativi­
ty beh ind today's ro bot. Always entertain­
ing,this exceptional book takes you deep
inside the theory and craft, philosophy, and
science of robotics. $29.95



computer Hacking
Viruses Revealed New t

by David Harley / Robert Slade
Urs Gattiker

This detailed guide offers
full-scale coverage and
analysis of the origin,
structure, and technolo­
gy behind computer
viruses , and addresses
current methods of
detect ion and preven­
tion. By learning exactly
how viruses do what
they do, you'll better understand how anti­
malware technology works - and be able
to evaluate and implement practical solu­
tions to pro tect your system .You'll get
insight into the various types of malicious
software - includingTrojan horses, macro
viruses , and worms - and also learn
about virus hoaxes . $3 9 .9 9

If you don't see whatyou need here,
check out our on-line store at

www.nutsvolts.com for a complete
listing of the titles available.

Build Yo ur Own PC Ho m e
Entertainment System

by Brian Underdahl
Learn to use PC DVD
drives. DVD recorders,
and massive hard dr ives
to create a home enter­
tainment system that's
comparable to what
you'd enjoy from expen­
sive, individual compo­
nents. Who needs the
movies? Now, you can
achieve stunning aud io and top quality
video results through your Pc. This book
shows yo u how to build your own home
entertainment center using an ordinary
Pc.Watch and record TV shows and
movies, put your entire CD collection on
your hard dr ive, and listen to radio stations
from around the world. $14.99

Home Entertainment

The Hacker Diaries: Confessions
of Teenage Hackers

by DanVerton
Through fascinating inter- _-...- _
views with FBI agents ,
criminal psycho logists,
law-enforcement officials
- as well as current and
former hackers - you'll
get a glimpse inside the
mind of today's teenage
hacker. Learn how they
th ink and understand the
internal and external
pressures that pushed them deeper and
deeper into the hacker undergroun d.
$14.99

High Voltage
Homemade Lightning: Creative

Experiments in Electricity
by RA Ford

Ente r the wide-open fron­
t ier of high-voltage elec­
trostatics with this fasci­
nating, experiment -filled
guide.You'll discover how
to make your ow n equip­
ment, how electricity is
used in healing, and the
wo rkings of many experi­
ments in high potential
physics! $14.95

$49.9 5 $69.95 $'19.9 5
Volumes 1&2 all 3 volumes Volume 3

In 1995, Scott Edwards began auth oring a
column on BASIC Stamp proje cts in Nuts
&Volts Magazine.The column quickly
became a favorite of Nuts & Volts readers
and co ntinues today with Jon W illiams at
the helm. The Nuts &Volts ofBASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 is new and contains
columns 76-921

The Nuts & Volts of BASIC
Stamps Volumes 1-3

Programming & Customizing
the 805 I Microcontroller

by Myke Predko
Programming and ::
Customizing the 805 1 p
Microcontroller puts you in c
cont ro l of the 805 1's I 1
architectu re and instruc­
t ion set - and even sup­
plies a baker's dozen of
ready-to-build example
applications, pro grams, and L.,---,--,=--=-=-c-~
circuits. Best of all, the included CD-ROM
supplies source code for the book's experi­
ments and applicat ions. $39.95

Programming & Customizing t he
BASIC Stamp Computer

by Scott Edwards
This editio n moves
you briskly from
elect ro nic foundati ons
through BASIC Stam p
"Boot Camps" and an
intelligent traffic signal
simulat ion to build a
roboti c bug with whisker
senso rs, a timeltempera­
ture display, and a data­
logging thermometer. $39.95

Don't forget to order your charter
subscription to Servo Magazine.

Details are on page 4.

Microcontrollers
Programming & Customizing the

HC I I Microcontroller
byTom Fox

Applicat ions bazaar for the
68HC I I microcontroller.
Squeeze every drop of
power out of Motorola's
wildly po pular family of
68HC I I t rue 8-bit single
chip compute rs! From
basics to complete
applicatio ns. $39.95

Programming & Customizing
PICmicro Microcontrollers
2nd Edition by Myke Predko

This book is a fully
updated and revised
com pendium of PIC
programming
information .
Comprehensive cover­
age of the PICMicro's
hardware arch itecture
and softwa re schemes
complemen t the host
of experiments and
projects making th is a t rue, "learn as you
go" tutorial. $49.95

PIC Microcontroller Project Book
by John Iovine

This project-oriented guide gives you 12
complete projects, including:using trans is­
tors to control DC and
AC motors, DTMF
phone number logger
and distinct ring detector
and router ... home
automation using X- I0
communications ... digital
oscilloscope ... simula­
tions of fuzzy logic and
neura l networks ...and
many other applications. $19.95

Programming and Customizing
the OOPic Microcontroller

by Dennis Clark Newt
Ifyou 're a robotics pro ­
fessional o r hobbyist,
here 's the o ne book
you'll need to keep your
wo rk on the leading
edge - Programming
and Customizing the
OOPic Microcont rolle r.
This is the official OOPic
Handbook, fully
endo rsed by Savage Innovations , th e
wo rld's o nly manufacturer of OOPic
microcontrollers.As the first book of its
kind, th is volume is destined to beco me
the sta ndard against wh ich all other OOPic
books will be judged. $39.95
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A TRUE RMS
MULTIMETER
9he 400 Series meters include

• three models which offer true
RMS measurements. The Extech 411

provides the accuracy of true RMS
measurements plus temperature for only

$59.00! All of the Extech 400 meters meas­
ure temperature, either Type K or infrared,

or both, and a ll ar e CAT 111-600V rat ed.
For more information, contact:

EXTECH INSTRUMENTS
285 Bear Hill Rd.

Waltham, MA 02451 -1064
781-890-7440 Fax: 781-890-7864

Email: extech@extech.com
Web: www.extech.com
C ircl e # 142 on the Re ade r Se rvice Ca rd .

IT WRITES YOUR USB CODEI

T race Systems ' new HIDm aker software completely
auto m ates the complex task of designing USB

periphera ls. Use HIDmaker's Visual Data Designer to
define the data to be sent over the USB. Then, HIDmaker
writes two kinds of programs: one kind for the PC (in
Visual Basic, Delphi, and C++ Builder), and one kind for a
PIC-based peripheral (in PicBasic Pro, MPASM, Hi-Tech C,

(.It and CCS C).
!:i These two kinds of programs already know how to-e talk to each other over the USB, using the Human

tJ' Interface Device (HID) cla ss. No device drivers to write or
I~ distri bute. No "descriptors" to write. No need to spend
i~ weeks learning arcane USB rules: HIDmaker does the job
f:::» in minutes.
Z HIDmaker Test Suite contains two programs. The

42

USBwatch program lets you see the USB traffic going to
and from your USB device, even during "enumeration,"
when the PC decides whether or not to accept your
dev ice. The Any HID program can test any USB HID
device, even if you didn't design it yourself. AnyHID
comes with source code, in multiple programming
languages.

Prices: HIDmaker $399.00, HIDmaker Test Suite
$149.00, and HIDmaker Combo (HIDmaker + HIDmaker
Test Suite) $499.00.

For more information, contact:

TRACE SYSTEMS, INC .
PO Box 453

Bowie, MD 2071 8
30 1- 161 -0300 Fax: 30 1- 1 6 1-0 30 0

Emai l: drbob@tracesyst e msinc.co m
We b: www.tracesyste msinc.co m

Circle # 144 on the Reader Service Card .

KEEP YOUR CONVERSATION
PRIVATE WITH MWD-I 00

T his device uses state-of­
the-art technology. The

mobile "video/ a udio detec­
tor" offers a frequency range
of 1MHz-3GHz. It is the only
unit that will reliably detect
even 2.4GHz wireless
video/audio transmitters .
Even the new spread-
spectrum transmitting
devices will be detected. The
MWD-100 is supplied with
internal patch-antenna and
external whip for body worn applications.
The price is approximately $149.00. '

Technical Specifications:

• Frequency Range: 1-3,000MHz
• RF Sensitivity: 40dbm@1GHz
•Supply Voltage: 3V Li-ion Battery (CR2032)
• Alert Indicator Vibrating Motor
• Detecting Levels: Two (High/Low) Switc h

Selectable
• Dimensions: 45mm x 40mm x 15mm

The MWD-100 is best used by women or men who
think they are being illegally watched - whether in their
rented homes, apartments, hotel rooms, etc. It is als o
good for the business person who is concerned about
industrial espionage.
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or '""i'COupon
fod"y

No previous experience needed!

Circle #1 47 o n t he Re ad e r Se r vice C a rd .

COMMAND PRODUCTIONS
FCC LICENSETRAINING - Dept. 220
P.O. Box 3000 • Sausalito, CA 94966
Please rush FREE details immediately!
Na me _

Call for FREE 'acls now!

(800) 932·4268 Ext. 220

www.licenseTraining.com

GUARANTEED TO PASS - You get your
FCC License or your money willbe refunded.

You can earn more money
if you get an FCC License!

Not satisfied with your present income?
Add prestige and earning power to your
electronics career by getting your FCC
Government License.
The Original Home-Study course pre­
pares you for the "FCC Commercial
Radiotelephone License" at home in your
spare time.
This valuable license is your professional
" ticket" to thousands of exciting jobs in:
Communications, Radio-TV, Microwave,
Maritime, Radar, Avionics & more...you
can even start your own business!
No need to quit your job or go to school.
This proven "self-study" course is eas)',
fast and low cost'

Address _

City State __ Zip _

~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Circle #14 6 on the Re a d e r Service C ard .
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T ool-Less Plastic
Technologies, LLC of

Mukilteo, WA offers a fully
integrated manufacturing
system for producing plastic

pa rts and
~

/-f' .r. ~ . .
s , enclosures without toohng.

Developed in 1992 by
German engineers as TTK-BoX™,

their services are based on basic
sh eet metal cutting ,

be nding , and formi ng ,,~.-: .
h

. 4tIfII""'" ,.,
tec ruques as '".#" ' , " '1.

applied to extruded plastic " ,~,
she ets . Innovative assembly
te chniqu es a re combined with
precision snaps, interlocks, and joints.

Quantities of 50 to 10,000 are easily realized by this
process , which is also ideal for products with unstable or
rapidly changing designs. Lead times are typically two to
three weeks for design and prototyping, and the same for
first pro duction parts . Des ign changes can often be
incorporated in a matter of days , providing tremendous
flexibility.

TTK-Box™ products can include sliding or hinged
doors , keypad recesses or cut-outs , bezels, snap fit covers,
ba ttery compartments, and many other features. EMI and
RFI shielding is also available, as well as custom colors
and a wide range of materials (ABS, polystyrene, etc. )
Exa m ples , technical information , and material
specifications are available online.

For more infor mation, contact:

CUSTOM PLASTIC PARTS ­
ENCLOSURES WITHOUT
TOOLING COSTS

LEMOS INTERNATIONAL CO., INC.
1305 Post Rd., Ste. 305

Fairfield, CT 06824
866-145-1667 Fax: 101-154-7441

Email: saleS@lemosint.com
Web: www.lemosint.com

For more information , contact:

TOOL-LESS PLASTIC TECHNOLOGIES, LLC
I 1208 47th Ave.W, Ste. B

Mukilteo,WA 98275
415-491-1111 F~: 41 5-49 1 - 1 1 11

Web: www.ttkbox.com

C ircle # 145 o n the Re ad e r Se r vice C a rd .



Ben Clock Part 1
Put the finishing touches on your IIBen Clock."

SEPTEMBER 2003

(STAIN & VARNISH)

1..
42"

J_

super-accurate timekeeping. Th is adjustment
is described in the "testing" section of the
article below. I have found that the clock
keeps ver y good time without us ing these
optional components. If you do decide to use
C4 and C5 , then do not use C1 and C2.
Conversely, if you do use C1 and C2, then do
not use C4 and C5.

Finally, you may solder in the LEOs. You
should so lder in one LED at a time. If you use
the LEOs ca lled for in the parts list, the
longer lead is the anode. The flat portion of
the LED base (opposite the long lead) is the
cathode. The specified LEOs have standoffs
incorporated into their leads. When soldering
the LEOs, press the m into the PCB as far as
they will go so that the standoff is in direct
contact with the PCB. Hold the LED in place
with your finger and tack-solder one of the
leads. Then fully solder the other lead.

Once the second lead's solder has solid i­
fied , re-solder the tacked lead correctly. This
will guarantee that the LED is correctly posi ­
tioned on the board. Make sure you use the
right color of LED in the right hole. The out­
ermost ring should be yellow LEOs. Green

STAIN ON Y)
7 "

PART # I Detail for Ben Box Frame
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NOT TO SCALE
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:S 0 - - - - - - - - - - - - - - - - - - - - 4es MITER MATERIAL: CLEAR PINE. SUITABLE

~ - FOR STAIN & VARNISH FINISH

4 PIECES REQUIRED

CONSTRUCTION

Printed Circuit Board
To co nclude PCB assembly, solder the

remaining non-LED co mponents onto the
PCB. If you wish, you may so cket the ICs for
easier repair a nd debugging. I highly recom­
mend usin g a socket for the microcontroller.
Pay careful attention to the or ientation of the
ICs. Note th at the ICs are mounted on the
PCB in every con ceivable direc tion . (This is
done to a llow use of a two-sided PCB for lay­
ou t considerations.) Also , pa y careful atten­
tion to the orientation of the components.

The only components which may be
ins erted in either direction are the resistors
and disc ca pacitors . You should also solder in
the battery connector at this stage, but do
not connect the ba tte ry until later.

Note tha t variable capacito rs C4 and C5
are optiona l. The variable capacitors are
used to ad just the timebase of the clock for

T his month's a rticle will give a ll the
details you need to complete con­
struction of the Ben clock.
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NOTES:

NOTTO SCALE

MATERIAL: ANY SUITABLE

MATERIALUNFINISHED

4 PIECESREQUIRED

-<l

PART # 2 Detail for Interior Corner Blocks

panel. You must create a cable harness from a flat cable
and male DIP header connector. The male OIP header
can be squeezed onto the flat cable using a special crimp
tool or ordinary vise . To avoid damaging the connector's
pins, place the connector pins into an old DIP socket
before crimping. Solder the wire ends from the flat cable
to the rear panel components as indicated. I "tacked" the
flat cable to the rear panel using a two-inch length of dou­
ble-faced tape. This acts as a strain relief.

Faceplate
The clock has a black Plexiglas faceplate , which rests

over the LEOs. The Plexiglas plate is 1/1 6" x 10" x 10".
I used a black colored material, but you might wish to

FOUR0.100"D HOLESTHRU

1"
2"

1"
~------ 22" --------.t

LEOs are used for the innermost ring . The bars in the cen­
ter of the unit are red LEOs. Be very careful when insert­
ing the LEOs into the board to get them oriented
correctly.

Unsoldering the LEOs is particularly difficult since
the holes are intentionally made small to facilitate hold ing
the LEOs in place during soldering. When handling the
circuit board, be careful not to scratch the LEO lenses. I
recommend using a piece of felt or velvet when placing
the board with the LEOs face down on a table during con­
struction.

Once fully assembled, the PCB should be checked
before putting it into the case. Connect the transformer
and rear panel connector into the board.

Casing
I have included diagrams of the wooden pieces com­

prising the unit 's casing. The prototype was finished
us ing a cherry stain with a spray glossy varnish finish . Of
course, you can use any color finish or glossiness you
desire. When staining, you will want to get stain into the
slots. This is because the inside of the slots will be visible
through the glass plate. After the stain dries, you may
proceed with varnishing. Be careful not to get varnish into
the dado slots of the frame pieces.

A good way to avoid th is problem is to place a piece
of cardboard into the slots before varnishing. If you get
varnish into the dado slots , it will make the slots too small
to accommodate the glass, Plexiglas faceplate , and PCB.
Also, avoid varnishing the angled (mitered) areas of the
case since the angles will join together later to prov ide a
tight frame around the unit.

Once the finish on the wooden pieces has dried , you
may assemble a portion of the case. The frame pieces
should be held together with a corner vise or U-c1amps to
facilitate assembly. The angled (mitered) corners should
be lined up precisely as like a picture
frame. The small blocks are then screwed
into the inside of the frame pieces. You
may pre-screw all eight of the small
blocks to hold the case together. You can
then unscrew two of the blocks to remove
one side of the frame. This will leave you
with a U-shaped frame . The glass ,
Plexiglas, and PCB are later slid into the
slots.

I did not finish the rea r panel of the
unit since I intended to place the back of
my clock against a wall. If you intend on
placing the clock in an area where the
back would normally be visible (such as
on a desk) , you will probably want to fin­
ish the back of the un it, as well.

Rear Panel Assembly
The volume control, push buttons,

and speaker are mounted on the rear
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experiment with different colors. A drilling
template is provided to allow precise drilling
of the faceplate. Warning: Do not use a nor­
mal drill bit to dr ill Plexiglas. Any attempt to
do so will cause shattering and staring of the
Plexiglas m aterial. To avoid these pro blem s,
us e a specially-machined Plexiglas drill bit. I
purchased such a bit from W. L. Fulle r, Inc., in
Warwick RI (phone: 401-467-2900). I believe a
cheaper alternative might be G.E.
Polymershapes in Farmingdale, NY (phone:
63 1-293-9090). I orig inally used a 5.5 mm bit.
Since the lights are 5 mm, this allows a bit of
play. Do not remove the protective covering
on the Plexiglas until the final assembly stage.

Since Plexiglas scratches very easily, I
decided to put a glass plate into the casing, as
well. The glass plate is easier to clean, and is
much mo re resistant to scratching. I pur­
chased a 1/8" x 10" x 10" glass plate from my
local hardware store.

Testing the PCB
Connect the transformer wiring harness

to th e PCB and plug in the un it. The LEDs
should im mediately begin flashing in a pa rtic­
ula r pattern. Specifically, the right yellow LED
(second 15) , top green LED (minute 00) , and
bottom red ba r of LEDs (hour 6) should be lit
followed by the left yellow LED (second 45) ,
all the green LEDs (m inute 59 ), a nd the top
red bar (hour 12) . The pattern will repeat
every 1/2 second.

When you get th is far, most of the circuit­
ry is being exe rcised. I have also added a

more comprehensive test
mode into the unit. By short­
ing out pins 1 and 2 of th e
test connector J2, a test pat­
tern will emerge on the dis-
play. Specifically, the yellow
seconds LEDs will race
around the face in a clock­
wise pattern. The green arc of
LEDs will "grow" around the
face . The red hours LEDs will
als o race around the face. In
addition, the test m ode
sh ould cause the speaker to
generate a precise 2 KHz
tone. You may also ch eck the
volume control at th is point.
While in test mode, adjust
resistors R3 and R4 to make
the brightness of the yellow
and red LEDs match the
green LEDs.

PART #3
Detail for

Rear Panel

NOTES:

NOT TO SCALE

MATERIAL: 1/8" THICK CLEAR PINE

FOR STAIN & VARNISH FINISH

1 PIECE REQUIRED
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KELVIN®Electronics~
Troubleshooting Iralners"
Eachtrainer includes:assembled / tested
PC board (8-1/2'x11 '), 3-ring storage
binder, workingcircuitswith DIP switches
which allow instructor to insert faults for
students totroubleshoot(canbe used over
and over withnosoldering or damage to
circuits), labmanual, and ateacher'sguide.
840627 AC, 14experiments $195
840626 DC, 15experiments $195
840857 Linear/Analog, 12expo $195
840856 Digital, 12experiments $195

Actual Size: 8-1 /2"x11 " 840951 Communications,12exp $295

Meters
DC Volts: 5 Ranges to 1000V. As Low As
AC Volts: 2 Ranges to 750V AC. $595
DC Current: 5 ranges to 10A. ea.
Res.: 5 Ranges to 2 Mn. Diode Test.
Transistor Test: NPN & PNP. Input Impedance: 1Mn.
Readout: 3.5 LCD. Overload Protection.
990177 $7.95 or $6.95 ea./10+or$5.95 ea./25+

KELVINe200LE
AC/DC Volts: 600V. AC/DC Current: 2mA, 20mA,
200mA, 10A. Res.: 200n, 2Kn -2000Kn , 20Mn .
Diode Test: 1.0mA±0.6mA. Continuity: < 200n DC,
<40n ±20n AC. Capacitance: 2000pF-20~F. Transistor:
NPN/PNPhFE. Autoranging Frequency, Indicator: Low
Battery. Display: 3-1/2' digit LCD. Measurement Rate:
2.5X1sec. Accuracy: ± 0.5%
990123 200LE Multimeter $39 .95

KELVINe400LE
DC Volts: 5 Ranges to 1000V. AC Volts: 5 ranges to
750V. AC/DC Current: 3 ranges to 20A. Res.: 7 ranges
to 2000Mn. Continuity: <40n ±20n. Diode Test:
1.0mAtO.6mA. Capacitance: 2nF,20nF,200nF, 2~F, 200~F.

Duty Cycle: 0-90.0%. Max. Hold. TO: NPN/PNP hFE.
Autoranging Frequency, Inductance: 20,2,200M,20M,2M.
Display: 3-1/2 LCD. Measurement Rate : 2.5X/sec.
Indicator: LowBattery. Accuracy: & 5%
990124 400LEMultimeter $69.95

KELVIN®Everything
50™Trainer
This Super Analog / Digital
bench top trainer includes
[3] powersupplies, afunction
generator, [4] potentiome­
ters, [16] switches, [25] LEOs
and [2] 7-segment LED dis­
plays, wire jumperkit and 12V
power supply, [3] inputs, [3]
outputs, [4] amplifiers, [3]
sensors, and a breadboard.
For use with your textbook;
does not includecurriculum.
841 143 Trainer $195

PLEASE NOTE

Schematics and other files
relating to building th is
project can be downloaded
from the Nuts & Volts web
site .

www.nutsvolts.com

Note: This product
contains materials copy­
righted by the author.
Permission is granted to
readers to build a single
unit for personal use.
Moto rola S-Dump
Listing for Programming
Microcontrolle r : ©
Copyright 2002-2003.
JohnT.Carter
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Final Assembly
Disconnect the transformer and rea r panel connec­

tors from the PCB. Also make su re the ba tte ry is discon­
nected. Using 90 · angle brackets , mount the tran sformer
into the bottom of the wooden frame. Tie a knot into the
line cord to act as a st rain relief. The knot sho uld be

Alth ough th e un it provides excellent accuracy in its
timekeeping fun ction, the tes t mode jum per ca n be used
to precisely trim the internal cr ysta l oscillator. If you wish
to trim the oscillator, connect a frequency counte r or
oscilloscope to the Frequency Adjust Output (pin 5) of
connector J2. Then trim the optional varia ble ca pa cito rs
C4 and C5, to attain an exact 2 KHz output. (If you are
us ing var iable capacitors C4 and C5, then you should
leave out fixed capacitors C l and C2.) Note that since the
Frequency Adjust Output is digital and buffered , the
scope or frequency counter's test lead load characteris­
tics are inconsequentia l. Once you finish th is optional
trimming, remove the test mode jum per.

Now, check the time-setting buttons . The top button
on the rear panel will cause the time to inc rease. The bot­
tom button causes the time to decrease.

At th is po int , you may temporarily connect th e ba t­
te ry. Set the display to th e correct tim e using the time-set­
ting buttons. Unp lug the uni t and wait one minute. Then ,
plug the line-cord back in. The disp lay should refresh
within one second and indicate the correct time. Unplug
the uni t and rem ove the ba tte ry. At th is po int , the electri­
cal checkout is completed.

BEN KIT I. Includes:
• Double sided, plated-through PCB fully drilled with solder mask

and silk screening for easy part placement
• M68HC05C8ACP Microcontro ller (OTP plastic package).

preprogrammed
BEN ASSEMBLED. Includes:

• Fully Assembled and tested unit
OTHER COMPONENTS

• Face plate variationsare available. Check the eBay store for
options.

The following kits are available from Carter Electronics at our eBay
store. Please visit http://st ores.ebay.com/CarterElectronics.
For technical information,contact the author via e-mail at
jtcOOOO@optonline.netAIi kits (and the pre-assembled unit) are
subject to availability. US, PayPal orders only.Allow 6-8 weeks for
delivery. (Add 8.75% sales tax for NY orders). Pricing information is
available at the eBay store.
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Photo 2. PC Board assembled - wiring side (LEDs).

Photo 3.PC Board assembled - component side (chips).
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about five inches from the PCB.
For these next steps, I recommend you use a pai r of

gloves to avoid cuts and fingerprints. First comes the
glass. Be ca reful handling glass as the sharp edges can
easily cut you. You should clean you r glass plate first. The
best way to clean glass is by using Windex and old news­
paper. Newspaper is much more lint free than paper tow­
els . Slide the glass into the outermost slot of the wooden
frame.

Next comes the Plexiglas. Do not handle the Plexiglas
face-plate with your bare hands. Peal the protective plas-

R551·5PR $49
Mlcrocontroller

based addressable
and cha inab le
RS-232 relay .

III
IR232 $69 (enclosure $10)

Infrared to RS-232 converter.
Send user defined character string sl

RIO-8-LL and RIO-8-0C $59
Eight 10 amp relays for your micro.
Lag le level or cpen-ccltectcr drive.

Can be split Into two 4 relay boa rds I

Featuring products that can be
used as RS-232 serial data

acquisition boards or as stand­
alone industrial controllers.

5BC·1 $199 (WIth 12 bit AID - $219)
IntelaOC51 , EEPROM, 8 bit AlD, RAM,

real time clock , 50 digital lJO, Industrial
lIO connectors , on-board Tiny Bas ic.

Circl e #126 on the Reader Service Card.

RC51 $129
Programmable 8 relay controller

with Tiny Machine Basic.

5151 $99
16 Input programmable switch

controller with Tiny Machine Bas ic.

7' !i1 $129

TI~e~l:hl~eDB~~~~ : ' i~\ ..i:~Ds~~~~rt.

The Industrologic Advantage:
..No hidden charges for "accessories"
- Screw term inal block connections
- Program deve lopment software

Download our FREE layout software
Design your two-sided plated -through PCB
Send us your design with just a click
Receive your boards in a few business days

Select our MiniBoanlservice and get threetop quality
2.5" x3.8" PCBsfor$62 - shipping included!

E eJ ~ ~\resspcb.c m.
'NdvSTR LOGic·

· 3201 Highgate St. Charles. MO 63301 USA
(636) 723- 4000 (800) 435-1975

www.industrologic.com
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same Day Shipp ing-Visa, MasterCanl, Arne><, Diners Club canls welcome

e Tel: +1(416)2363858
Frft CD c..ulog Fax: +1(416)236 8866

abacom@abacom-tech.com

$49.95

$59.95
$109.95
$139.95

RIGrunner 4005

RIGrunner4012C $109.95
includes pwr cable and 24 power poles

RIGrunner 4008C $89.95
includes pwr cable and 24 power poles

RIGrunner

The 12 Volt DC intelligent power panel utilizing
Anderson Power Poles and standard auto fuses
3 models for RV's, Vehicles, Hamshacks, RCer 's

RIGblaster
The digital sound card interface which links any amateur radio
with your computer to enable Virtually all digital modes including:
SSTV, Pactor, AMTOR, Packet, PSK31, Echo Link, WSJT

RIGblaster Nomic
RIGblaster M8
RIGblaster Plus

All units Include everything you need: pwr supply, all cables
software (over 60 programs), Instruction booklet

Southwest Radio Products
a division of Inkjet Southwest

3 Models:

Photo 4. Transformer, rear
panel, and wiring harness.

I

Photo 5. Casing with top removed
(U shape containing PCB, Plexiglass

faceplate, and glass).

tic film off the Plexiglas plate . Ifyou do ge t fingerprints on
the plate , remove them with an eyeg lass cleaning cloth
(available at Sunglass Hut). 0 0 not us e Windex to clean
the Plexiglas . If you use Windex , the finish on the
Plexiglas will become foggy. I have noticed that even plas­
tic cleaners leave scratches and fogginess.

Since the Plexiglas plate is symmetrical , it does not
matter how you orient it on the LEOs. Align the Plexiglas
plate over the LEOs with the black, gloss y side facing out­
ward. Press the Plexiglas on to the LEOs as far as it will go .
The Plexiglas should rest on the base of the LEOs approx­
imately 1/8 inc h away from the PCB.

Now slide the PCB and Plexiglas faceplate into the
slots of the two innermost slots of the U-shaped wooden
frame simultan eously. You may have to pull the Plexiglas
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Books on PicBasic and PICmicro MCUs
Programming PIC Microconlrollers with PicBasic $49.95
Experimenting with the PlcBasic Pro Comp lier SJ9.95
PIC Basic - An Introduction SJ4.95
PICMicroc ontro ller Project Book $29.95
Easy M/crocontrotn $29.95
Tlme'n and Caunfn $J 4.95
Microcantrotn Apps - PIC MCU App lication Guide $44.95
Serial Communica tions Using PICMicrocontrollers $49.95

PICProto Prototype Boards
PICProtoJ for 28-pin PICm/cro MCUs(J "x J ") $14.95
PICProt04for 8-pln or 14-pln (1.5"x J '1 $9.95
PICProtoB for B-pin (1.2"x 2") $B.95
PICProlo18 for l B-pln (1.5"x J ") $9.95
PICPrololBL for l B-pln (J .6· x 4.1") $19.95
PICProt064 for 40-pin (J .6"x 4.1') $16.95
PICProtoUSB for 2B-pin or 40-pi n (J .6"x 4.1") $19.95
PICProtoBO for 64 or 80-pln TQFP (J .6"x 4.1") $19.95
PICProtoBO with pre-soldered PIC1BFB720 $60.00

PICProto prototyp lng boards are designed to help you get your PICmlcro
projects finished foster, with less effort. There Is a high-qualify blank PICProto
boord for almost every PICmicro microcontrolle r. Eoch double-sided boord hos
o solder mosk on both sides ond hundreds of plo1ed-through holes for your parts.

USING THE CLOCK

You can contact me via e-mail at
jtcOOOO@optonline.net. I will be happy
to answer any questions you m ight have.

sary, jiggle the plates to make this ha ppen.
Complete the frame assembly by screwing in the last

piece of the frame into the open part of the U. You sho uld
be left with a closed frame similar to a picture or box
frame.

Next, screw the battery holder into the side of the cas­
ing near the battery co nnector. You may snap the batte ry
into the connector and the battery holder at this po int.

Lastly, plug in the rear panel connector into the PCB.
Screw the rear panel into the back of the unit. Make sure
that the knot on the line cord is ins ide the ca s ing .

The clock may be placed under any lighting con di­
tion s you wish. (Although the clock will be visible in full
daylight, it should not be operated outdoors.) Plug it in
and set the time. Use the time-setting buttons to set the
correct time.

Read ing the clock is quite simple. The red LEO ba rs
indicate the current hour. The green arc of LEOs grow
from the 12 o'clock position. The longer the are, the
deeper you are into the hour. For example, at 12:00 the
top green LEO is lit (indicate minute 00 ). At a quar ter
after the hour, 16 green LEOs will be lit (indicating min ute
15). At 59 minutes past the hour, all 60 of the green LEOs
will be lit. One of the seconds LEOs will always be lit to
indicate the current second.

You may wish to adjust the volume control for the
desired sound level. The clock chimes at the top of the
hour, and every 15 minutes thereafter. Enjoy !!! NV

Lab Manual

Application
Manual

Digltal llO

Manuals on CD

Standalone Use

Hig h Level Languages

8085AMicroprocessor

• Primer PAK Shown In Picture •

Analog UO

Self-Instruction
Manual

Eas y to Use

Primer Trainer Prices Start at $120 .00 USD

PicBasic Compiler
PlcBaslc con verts your BASIC prog rams
into files that ca n be programmed
direct ly into a PICm/cro MCU. Make
use of the latest mtctoconttoner
technolog y without learnIng C or
Assembler. Compatible with DOS and
Windows 9X/ME/2K/XP.

PlcBaslc Complier $99.95
PlcBaslc Pro Comp lier $249.95

Compact Rugged Des ign

Seria l Port

Fu lly Assembled or Kit

Microprocessor
Train ing System

plate slightly away from the LEOs to line up the faceplate
with the slots.

Now slide the glass into the outermost slot of the U­
sh aped wooden frame. The glass , Plexiglas , and PCB
should all "fall" into the bottom slot of the frame. If neces-

Low cost prog ramm er tor PIC12Cxxx.
12CEJOOC. 12FJOOC. 14CJOOC. 16C505.
55x. 6xx. Zxx, B4, 9xx. 16CE62x.

;ut 16FJOOC. 17C7xx. lBC JOOC. and l BFJOOC

-f-!! ..------------~----... microc ontrollers. Can be used for1;...1 In-Circuit progr amming . Connects

O to para llel port . Software included::> for DOS and Windows 9X/ME/2K/XP.

EPIC Assemb led $59.95
IellS EPIC Bore PCB $J 4.95
! 40/2B pin ZIF Adopter $J4.95
~ ut AC Adop ter $9.95
II- EPIC Bund le $99.95
1::::» (bun dle Incl udes EPIC. AC Adop ter.Z 25-p ln Co ble, and 40/2B pin ZIF)
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Name _

I Address _

I
I AptI --- - -
I City _

I State _

I Zip _

I Phone - - - - --

I e-mail _

I Check boxfor G.I.BillDetails

I 0 Active Outy 0 Veteran

L Orca~80~243.6446 ...!2'3~

I
I
I
I
I

.. .~ I f I
~~

~,- ~ I
~" ........----' " - - .
~~,. -:y'- I
~~ Course 02-261 I

Lesson Topics I
• PC Board Layout I
• Reliable Soldering Techniques I
• Working with Printed Circuit Boards I
• Building a Siren with Flashing Light I

OlEBookstore: 1776 E. 17t h, C leveland, OH 44 114 I
CA,HI & OH residents must add sales tax . $16.95 shipping. I

Circle #3 I on the Re ad e r Se rvic e Card.

Here's w hat you'll receive:
• 4 lessons with inst ructor support
• Hands-on training lab with
soldering iron

• CADPACK CD - circuit simulation,
design schematicsand PCBs

FREE COURSE CATALOG (800) 243-6446 www.cie-wc.edu

Choose from a widerange of Electronics & Computer Training!

CIE offersmanydifferent Diploma andDegree programsranging
from our NEW Computer andWireless Technology coursesto our
Electronics Technologywith Laboratory course to our most
advanced program, anAssociate inApplied Science inElectronics
EngineeringTechnology.

Everyprogramincludesall the tools, lab equipmentand instructor
support you'll needto succeed.Manyother courses areavailable
soyou can get the exactjob-training course that's right for you!

New Course! A+ Certification andComputer Technology

ClE'snew A+ programwill train an individual with little or no computer
background about computer technologyand prepare themto passthe
A+Certification exam andbecomeacertified entry-levelPC Technician.

Cleveland Institute of Electronicsisaccredited,affordableand a
degreegranting school.Ca ll or write usfor your FREE Course Catalog!

Call (800) 243-6446 or visit www.cie-wc.edu for a FREE Career Catalog!

Imaginethe excitingcareer opportuniti eswaiting for highly skilled proswho can design,build,
programandmaintain sophisticatedelectronics and computersystems.With the right training
that pro can beyou!

Cleveland Institute of Electronicsoffersdistance learningtraining programs in Electronics and
Computer Technology.Theyaredesigned to providestudents with the occupational skills necessary
to understand, analyze, install,troubleshoot and maintainthe manydifferent typesof electronics
equipment used in business & manufacturing industriestoday.

Electronics & Computer
Distance Learning Courses

(800) 321-2155 or visit www.ciebookstore.com

Designing a PC board is not complicated if you follow the basic rulesoutlined
in this course.Every lessonis presented in a cleareasy-to-understand format
which makeslearning this material fun and easy.

Learn how to design and build printed circuit boardswith this unique new
distance learning coursefrom CIE Bookstore.

After completing this
course you'll be able to:
• Design PCBs
• Identify and Test Components
•Trace Circuits
• Solderto Printed Circuirt Boards
• Inspect and Repair Solder Joints

~------------------------------------~•• a WLearn How To DesIgn & Build PCBs! ~ OUrse

L ~
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Lamp Controllers for
Special Effects

Add a little something to everyday lights around your
house with these evening projects.

T his article describes two simple AC lamp or load
controllers. One controller is activated by audible
sounds, such as a conversation, a door opening or

clos ing, dog barking, or any other random sound. The
other is a controller for simulating the flickering light from
a candle or a fire. This is useful for ho liday effect lighting,
such as Christmas tree lights , or for example, replacing
the candle in a Halloween jack-o-Iantern with a somewhat
safer light source. They are completely electronic and use
ordinary incandescent lamps of up to seve ral hundred
watts total load. This allows a much brighter light than
expensive and delicate flicker flame bulbs.

Unlike a device that is frequently advertised on TV,
the sound-activated controller is not for turning appli­
ances on and off. It is for the purpose of special lighting
effects, such as flashing holiday decorations with mus ic,
speech, or any other such noise . It can handle up to sev­
eral amperes AC load at 12 to 120 volts , such as low volt­
age outdoor lighting, holiday lighting and decorat ions , or
any other resistive load.

The electronics of th is device can be configured to
operate from a small DC or AC power source or battery,

SEPTEMBER 2003

MT1 MT2

MODULE

CAUTION
GROUND FOIL
OF PC BOARD

IS CONNECTED
TOAC LINE

CKT
PWR OND

HOT

120V AC NEUTRAL

UNE

120VAC
OPERATION

LOAD

12V
TO 120V

OAD MUST BE
Y RESISTIVE WITH
ER FACTOR 0.8 OR

BETIER

re I . Module
ng D iagram

Figu
Wiri

MODULE

TIONWITH
RATE LINE
AND CIRCUIT

ER SUPPLY

CKT
MTI MT2PWR UNO

L
MAlNL
POW

HOT

GROUND

HOT HOT

NEUTRAL NEUTRAL

GROUND GROUND

OPERA
SEPA

VOLTAGE
POW

lit

!:i CIRCUIT

~
POWER
SUPPLY

l~
AC! lIt UNE

JI- 12V.:) TO 120V

Z
52



12·120V AC 60 Hz
TR1

SEE NOTE
0 3 R13

OCI

Moe
2 3010

NOTE: LOAD MUST BE AC ONLY 12V-120V 2 A MAX
MAY BE DIFFERENT VOLTAGE THAN AUDIO CKT SUPPLY

culation. For 12 and 24 volts, this is
not necessary.

The ca ndle flicke r circuit is some­
what simp ler. Referring to Figure 3, a
PIC microprocessor ICI is used to
generate a random waveform. The
time constant of (R1+R2) and C2
determines the waveform pulse rate.
R1 and R2 produce a 15-to-l varia­
tion in res istance. This is necessary
for setting the desired flicker rate , and
also depends on the lamp filament
ther ma l time constants. Smaller
lamps (10 watts or less) with thin fila­
ments heat and cool faste r than large

Rl1

lOOK

R12

12V AC . DC R13 = 270 OHMS 1/4 WATT

24VAC· DC R13. 470 OHMS 1 WATT
120V AC R13 = SK SW WlREWOUND

rectifier supp lying the +8 volts at 20
rnA needed for the audio amp lifier
and optoisolator.

R13 is a series-dropping resistor
used to redu ce the AC voltage fed to
the circuit to a sa fe value . The values
needed for 12-, 24- and 120-volt AC
operation are shown in Figure 2. Note
that for 120-volt operation , over one
watt of power diss ipation occurs in
R13, so a two to five watt resistor
shou ld be used. This resisto r gets
so mew ha t warm and should be
mounted 1/4 to 1/2 inch away from
the PC board surface to allow air cir-

NOTE: R13 DEPENDS ON AUDIO CiRCUIT SUPPLY VOLTAGE

l

Figure 2. Sound Act ivated Light Cont ro ller

SENSlTMTY
CONTROL

MICROPHONE

the AC mains. Electrical
codes generally forbid a
switch in the neutral wire
for this reason. While the
optoisolator adds a little to
component costs, it is the
safest and best way to deal
with a potentially unsafe
situation.

Referring to the
sc hematic of the sound
activated controller in
Figure 2, a triac TR1 is
wired as a series switch.
The AC line is connected
to main terminal MTl.
The triac receives its gate
triggering current from
the AC line through isola-
tor OCI via resistor R9. OC I consists
of an integrated bilateral pho tot ransis­
tor and an infrared LED. When the
LED is activated, the photot rans istor
conducts and passes AC to the gate
of the triac, causing it to turn on. R9
limits surges that could damage OC 1,
and RIO ties the gate of the triac to
the ma ins terminal MT2, reducing the
chances of stray triggering when OC 1
is off. Since the internal LED is elec­
trically isolated from the intern al pho­
tot ransistor and only op tica lly cou­
pled , there is no elect rica l contact
between the AC load circu it and the
control circuitry. This allows for a
much safer design without line isola­
tion problems.

The LED in the optoisolator is
turned on by a DC current of 15 rnA
switched by transistor Q3 . Q l and Q2
are se t up as a high ga in au dio ampli­
fier. Sounds picked up by electret
microphone MIC1 are fed to the base
of Q1 th rough sensitivity con tro l R8
and C1. R12 and C8 prov ide fil te red
DC bias to the mike through R8. Ql ,
Q2 , with resistors R1, R2, R3, and R4
and capacitors C2, C3, and C6 make
up an audio amplifier with a voltage
gain of over 500. Audio signal from
C3 is rect ified via D1 and D2, and fil­
te red by C4. DC across C4 of a volt or
more will cause Q3 to conduct, turn­
ing on the LED in the op toisolato r. R7
limits th is current to 15 rnA. Zener
diode D4, along with C5, Rll , C7,
and D3 make up a simple half-wave
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LOAD
2·120V AC

CKT PWR
12·120VAC

ACPWR

Figure 3. Lamp Flicker Module
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UK +5V SEE NOTE

+ I....

R2 I, l N4007 R6
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TR l

G BTA10400C

100

Ie
R6
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NOTE VALUE OF R6

12VACSUPPLY 270 OHMS 1/4W
24VACSUPPLY 470OHMS 1W

120VACSUPPLY 5000OHMS 3 W

Visit .northcountryradio.com for information.

Rl

FLICKER
RATE

lOOK

• Sound-activated Controller Kit: $24.95

• Flicker Module kit: One: $19.95
Two: $39.50

• One Sound-activated & one Flicker Module
kit: $39.50

• A 14V 200 mA AC output wall transformer suitable for use
with these modules is available for $9.85 .

• Please include $6.00 + $1.00 each additional item for
Postage and handling (US orders).

• Orders outside US,please add $10.50 + $3.50 each
addit ional item.

• New York state residents must add 8.25% sales tax
on all orders.

la mps (200 watts or more). Zener diode Dl , C l , D2, and
R6 make up a +5 volt supply of about 15-20 rnA capaci­
ty for the optoisolator. R3 limits the current through the
LED to 15 rnA. The output pin of the chip switches to
ground or five volts , turning on and off the op toisolator
DC l. R4, R5, and the triac TRI operate in the same way
as in the previous circuit.

In this case, in our op inion, a bette r effect is obtained
using a diode D3 across the triac . This allows the lam p to
light at reduced brilliance when the triac is off, rather than
to go out completely. When the triac conducts, the lamp
operates at full brilliance. D3 could have been placed
ac ross pins 4 and 6 of the optoisolator as well, using the
triac exclus ively to conduct the lamp current, but a 250­
volt diode would still be needed a nyway, and with diodes
being so cheap, the smaller diode did not really allow any
significant cost savings. If des ired , D3 can be om itted for
a st ronger flicker effect. This is a matter of pe rsonal taste
and es thet ics , and either way will work equally well.

Again, R6 gene rates significant heat with 120 volt
op eration and sho uld be kept away from the PC board
surface for air circula tion. The flicker effect is very nice
and allows use of ord inar y clear, frosted , or colored bulbs
of your own preference. An advan tage of th is is that an
ent ire str ing of holiday lights ca n be driven at once. Use
two or mo re of these circuits to drive several bulbs or light
sets for a scintillating effec t.

The triac use d in these circuits is a 10 amp, 400 volt
unit. A two or thr ee amp device wou ld do , but triacs are
relatively cheap, and the 10 amp devices will handle a
su rge better than a three-am p device. (A 600 or 1,000 volt
rating would be recommended for 208-240V operation ).
Incan descent lamps can draw a large curren t sp ike on
powering up , and often internally arc over when they burn

out, ca using a large current spike
befo re th eir internal fuse goes.
Many times fuses and breakers are
blown by an incandescent lamp
undergoing its death throes, and
this curre nt surge can easily
destroy a triac, diode , or other so lid
sta te device. We do not recom­
mend using a load of more than
two to three amperes with just the
PC boa rd as a heatsink, as shown

r----- ------ - - ----- - --- - - - - - - - - - - - - - - ----, in Figures 4 and 5,

unless the triacs are
heatsinked to a larger
metal mass. Up to 10
amps is possible with
adequate heatsink­
ing, and a small
finned heatsink
should get you five to
six amps.

The ca se of
these triacs is electri­
ca lly isola ted from
the device terminals ,
but it would be wise

GNDOR to mount them to any
NEUTRAL

heatsink using insu-
lating hardware and
mica insulato rs
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IN4007
IN914B or IN4148

100 uF 16V elec

IN7S7A

I uF 35 or SOV elec
47 uF 16V elec

2N3904
MOC30 I0 0 tocou ler

470 uF 16V elec

BTAI0-400 Triac

Electret Micro hone

PC Board /n OSOS03B
4-40 N Ion Hdwe. for mt .

.00 1 uF ±IO% M lar 50 or 100V

Wall Transformer 12-16VAC.
current to suit lamp(s) used

Shaft for R8

Ca acitors

Miscellaneous Items

Diodes and Semiconductors

I ea

R3

PARTS LIST
Sound-Activated Light Controller

I ea

hardware so that contact with the AC line is impossible. Do
not use metallic hardware for mou nting these boards to
anything , as the hardware could co ncievably contact a
compo nent on th e PC board, ca us ing a shock hazard.

There are many applications of these modules. While
the triac circuits should have a resistive load (which rules
out standard and compact flour escents, ga s discharge
mercury, an d so dium lamps), most ho liday and pa rty dec­
orations and specia l-effec t lightin g is implemented with
incandescent or LED lamps. (LED lam ps are okay with
these modules, as they are mainly a res istive load). The
only limitation that may be a disad vantage is when the use
of UV lamps with flourescent deco rations, such as flou res­
cent wall murals , and for Halloween (ghosts, haunted hous-

R2

R4,RII

Resistors 1/4W 5% Unless Noted

DI02

C2

C6

C I ,C3,C4

03
04

CS,C8

RI3
R9 RIO
R8
R7
RS RI2

RI3 alternate value

C7

RI,R6

QI , 2, 3
OC I
TR I

MIC I

4 ea
I ea (for low voltage
operat ion)

between the device and heatsink surface. This will be
much safer in case a device failure causes the device ter­
minals (MTl and MT2) connected to the AC line to inter­
nally short to the case of the triac. Surprisingly, no RFI
supression was found necessary, as little electrical noise is
generated since the triac is operated mainly in the zero
voltage switching mode. It is perfectly possible to listen to
an AM radio only one foot from the circuitry.

Testing should be done us ing a 12- to 24-volt AC
source, with the appropriate dropping resistor (R13 or R6,
respectively) and a small lamp (a small 12V automobile
bulb #67, 1004, 1893 , 89, etc.) will work well. While the
electronics will work okay on DC, note that the load must
be AC-powered. DC loads will not work, as reversal of
the load current must occur to turn off the triac again once
it is triggered. If 120V line voltage operation is required,
you can just change R13 or R6 after testing.

Testing is quite simple ... just hook up the module as
in Figure 1 and see if it works. If it does, then you are done.
There is little to go wrong, except for bad solder joints or
incorrectly placed or installed components. In the case of
the so und activated switch, set R8 in the middle of its
range. Speaking at a normal voice anywhere in the room
should cause the light to flash . Adjust R8 for desired effect.
In the case of the flicker module, the lamp should start to
flicker almost imm ediately on power up . R1 varies the
flickerin g rate . Adjust for desired effect. C2 can be
changed for faster or slower rates , if desired.

These circuit boards can be wired to take their oper­
ating power from the 120V AC line, as long as the boards
and their wiring are mounted in an electrically non-con­
ducting waterproof housing, using plastic or other non­
conductive hardware. This must be done in such a way so
that accidenta l personal electrical contact with the circuit­
ry is impossible. If this is done, use only approved listed
hardware and wire in accordance with the local electrical
codes; 120V AC, and especially 20 8-240V AC, can be very
dangerous and is responsible for more serious electrical
shocks than any other voltage sources. Also , do not use
these circuits with anything having a significant reactive
component or a built-in transformer, as there is a DC line
component produced in some instances. This inclu des
both compact and standard flourescent lamps, as well as
gas discharge lamps. Only incandescent lamps should be
used.

Lamp dimmer switches (depending on make and
type) may sometimes work with these circuits, although
often erratically and a little differently than normal.

Direct 208-240V 50 or 60 Hz AC operation is possible
by doubling the value of R6 or R13 specified for 120V, and
using a 600 to 800V triac in place of the 400V device spec­
ified. A 10-watt resistor will be required, as there is double
the power dissipation. This may be too large to fit the
board and should be mounted separately. In fact, you
might want to consider powering the electronics from a
small wall transformer or other source. As mentioned pre­
viously, the modules should be mounted with insulated
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Resistors 1/4 W 5% Unless Noted

volts.) A small OC current component will be present in
the AC output waveform of these controllers that could
overheat the ballasts, creating a possible fire haz ard.
Small neon and cold cathode lamps of the glow lamp
variety (without reactive ballasts) are somewhat better,
but still do not dim very well. For these reasons, we do not
recommend using anything except incandescent lamps.

It is probably best to put up with the rotten efficiency
of incandescent UV sources if dimming and flickering UV
flourescent displays are required. Use of 120-volt light
strings and sets is pretty straightforward. Twelve-volt
operation sh ould be considered, using automotive or low
voltage garden bulbs, especially where children may have
access to the circuit, or where the possibility of water infil­
tration exists. These bulbs and suitable fixtures are so ld
by larger garden supply stores and home centers for low
voltage outdoor use. They are available in clear or in sev­
eral colors.

As a demo, our prototypes were mounted in plastic
Halloween pumpkins and run from a 14V AC wall trans­
former. One pumpkin flickers to sounds, the other looks
as though a flickering candle was inside it. Type 89 auto­
motive bulbs rated six candlepower were used (about 0.5
amps current draw). Excellent results were obtained, with­
out high voltage AC or flames - a definite safety advan­
tage. Figure 6 shows photos of one of these pumpkins.
Many other applications and configurations are possible,
such as using two red or amber bulbs for eyes in this
pumpkin, or in a doll, toy robot, etc.

Model railroad hobbyists can use these modules to
simulate gaslight lamps, firelight effects, lightning, weld­
ing, and other similar effects where flickering light is need­
ed , as they will work well on 12-16V AC supplies com ­
monly used to run accessories. Two or three of these
flickering light modules can be used to drive colored 120
volt bulbs to simulate a real fire in a fireplace. The mod­
ules and bulbs can be hidden behind some real or plastic
dummy logs. The use of these modules, as you might
see, is only limited by your imagination and
creativity. NV

IN540S

BTA I0-400 Triac

IN751A
IN4007

Nylon 4-40 Hdwe for mounting

100 uF I 16V elec

PC Board In 060603A

MOC30 I0 0 toisolator

PIC 12C509-04 from author onl

Wall Transform er 12-16VAC,
current to suit lamp(s) used

.022 uF Mylar, 50 or 100V

Shaft for PT I0 pot liS" dia

Capacitors

Miscellaneous Items

Diodes and Semiconductors

I ea

I ea

ICI

RI

0 1

03

PARTS LIST
Flicker Module

R6

R2
R3

R6 alte rnate value

R4,R5

C I
C2

4 ea

I ea (for low voltage
ope ration)

TRI

02

es , etc.) is desired. In addition, the dimming of flourescents
is not simply a matter of reducing the supply voltage.

Many flourescent fixtures will quit at a little less than
100 volts . (Some of the bargain flourescent fixtures sold
in homeowner megastores just barely will light at 90-105
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Exciting Experiments .
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interface kit (Model CI-21) & 20 bonus experiments (S19.95 value ).
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Elenco Quad Power Supply
Model XP·581

4 Fully Regulated Power Supplies in1Unit

4DCVonages: 3 fixed; +5V @ 3A. +12V e 1A,
1 variable; 2.5· 20V e 2A • Fully Regulaled & Short
Protected ' Vonage & Current Meters ' AllMetalCase

ElencoMulti-Network CableTester
Model TCT-255 II

This lester is • convenient instrument for testing ~erent

RJ.11 and RJ-.45COIYleCtOfS and coaxcables . Cablescan
be lest ed before and afler lhey are instaIed . Special
• Mappjng FloI'Idion _ _ _ w••

:===(:r=~=IJOn. !'(
· Pair ldenlificatiOn(straiglt Ot reverM) S39 95
- OpenOtShortTestll'lg
• LowBattery JncIcator •
• AIJ10 Po-r-otr Function (30 s.)
SottVlnyfZ1pptJredc....(lIodftc-eoJItN:lut»dI
TCT·Z$$K· MuMi-NetwOr1I Cable TeII . Kll· S2t .t5

57

• Variable power control produces 5·40
watts.

C ircl e #75 o n th e Reader Serv ice Card .

Model SL-5-40 . Incl.40WULiron.
(Kit SL-5K-40) $29.95

Deluxe Soldering Irons
Elenco SL-5 Series Weller"" Low Cost

As Low As$24 95 Soldering Iron
Features : • Model WLC100
•Cushion GripHandle Soldering
Iro optional)withGrounded TIp
lorSOldering Static-Sensitive
De s. Easily Replaceable.
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Levitationl
Float objects in a servo­
controlled magnetic field.

Levitationt The word inspires images of stage magi­
cians and lovely ladies. For me , it became a chal­
lenge to create a simple workable design to make

an object hover in space. The trick obviously is to use
magnets. The design problem has to do with overcoming
Earnshaw's Theorem that explicitly states that it is impos­
sible to achieve stable magnetic levitation us ing exclusive­
ly permanent magnets in a gravity system.

Implied in that theorem is the need for some kind of
electromagnetic servo that can respond to the position of
a permanent magnet and stabilize it in position. My
design places a variable strength electromagnet above a
suspended permanent magnet - the electromagnet is
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The completed
project.

servo-controlled to hold the permanent magnet in place
beneath it.

POSITION SENSOR

A servo system requires feedback from some kind of
positional sensor. A simple way to sense the position of a
magnet that is suspended below an electromagnet uses a
light beam with LEDs on one side and a photo cell on the
other. As the object moves, a shadow from its upper or
lower edge partially blocks the light, and changes the cor­
responding resistance of a photocell so that a proportion­
al signal is generated. The drawback to me is the visual
"give away" of the light beam's components. We're go ing
for magic here - right?

My approach is to use a Hall Effect sensor with an
output that is proportional to magnetic flux. This means
that the closer to a magnet it gets , the greater the signal
that it produces. My sensor of choice is a Honeywell
55490 high performance miniature ratiometric linear sen­
sor (U2). The output of this simple three-leaded device is
at 50 percent of a single 5VDC supply in the absence of
a nearby magnet. The output can go rail to rail depending
on the polarity of the nearby magnet. A magnet with a
north pole facing the sensor will drive the output in one
direction while a south pole willdrive it the other way. This
provides an ideal servo proportional control signal.

PWM CONTROL

To make use of this signal, I wanted to drive an elec­
tromagnet with a PWM (Pulse Width Modulated) signal.
This is a scheme most often used to control the bright­
ness of DC lamps and the speed of DC motors. A repeat­
ing pulse changes its width to apply more or less power
to the device over time. PWM circuits can be constructed
from op-arnps or timer circu its, but I wanted to keep my
design very simple with a really low parts count.

In my research, I came ac ross a chip that is used to
modulate the speed of CPU cooler fans based on the
resistance of a thermistor. The chip provides only as
much fan speed as is needed to cool the computer, with
the side benefit of a quieter running fan. I realized that the
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MAKING THE ELECTROMAGNET

Construct ion is fairly simple - there are no significant
part placement issues. The only annoyance is the lead
spacing of the LMD18201 which won't fit into O.l-inch pe rf­
board without a lot of bending . Be very careful to observe
the pin numbering that goes left to right (long leads are
odd numbered) and keep the leads apart. C2 and C3
should be as close as possible to U4 for good filtering of
the motor switch ing spikes. I designed a small circuit
boa rd to simplify construction (see parts list).

An optional LED and 220-ohm resistor can be con­
nected to pin 9 of U4. This will give you early warn ing that
the ch ip is overheating. I used a solenoid that draws less
than half an amp, so I didn 't bother with a heatsink.
However, your electromagnet may draw more and need it.
For that reason, be sure to place U4 with its tab at the edge
of your board to make it easier to attach it to a large
hea ts ink.

The Hall sensor (U2) sh ould be connected with three
wires - I used ribbon cable. Make sure to carefully insulate
the leads at the chip with sh rink tub ing or tape. It's almost
certain that those wires willget smashed between the mag­
net and solenoid as you fool around with the set-up. A bit
of tape or heat shrink tubing around the body of the sen­
so r will also he lp protect it from physical shock. Leave two
wires with st ripped ends connected to pins 2 and 10 of U4
(or use screw terminals) so that you can readily reverse the
wires or swap out different coils for testing.

CONSTRUCTION

The electromagnet can be any substantial solenoid.

Schematic Diagram U4 L~

LMD18201 0
f-

R
=> f- 20 =>
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a
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HALL EFFECT PWMCONTROL = +12·24 VOC
SENSOR GNO l:>

U1 U2 U3 C>
LM78L05 SS495A 1 VT1 ve e ~ p

----.l.. 1 1 ..u 2 MIC502 7 PIN OUT vee OUT eF OUT

:~ C20 0 ---l. VSLP OTF ,..i' ==;~UF Pz z 470uFo o C1 *
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0.01uF

.-i. GND VT2 ~

t
~ GNO
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ELECTROMAGNETIC DRIVER

the rm istor could be replaced with any proportional signal ,
suc h as that provided by the Hall sensor. The chip is made
by Micrel - pa rt number MIC502 (U3) . The pulse frequen­
cy can be set by a capacitor. A 0. 1uF cap will give approx­
imately a 100Hz signa l an d a 0.0 1uF cap will yield about
10kHz. I opted for the high er frequency as it provides a
mo re rap id response dynamic.

+12 ·

G

Since an electromagnet (or solenoid coil) has a fer­
rous core, the suspended permanent magnet will be
attracted to it. My theory for the control is that if the sus­
pended magnet gets too clos e to the electromagnet above
it, the electromagnet should push it away. Con versely, if it
falls too low the electromagnet should work at pulling it
back up , eventually reaching a ba lance of push-and-pull.
This theory requires that the electromagnet can cha nge
polarity from attraction to repulsion in a proportional
manner. I decided to use a motor driver chip that has a
built-in H-bridge switch that can reverse the polarity of its
ou tput. I used a LM1820 1(U4) motor control chip that is
well known to robotics hobbyists. It can control up to
three amps (six amp peak) with the appropriate
heatsink.

By wiring the PWM signa l to the U4 's DIR (pin 3) input
and connecting the PWM input (pin 5), to 5V the electro­
magnet can be proportionately controlled from full reverse
to full forward current. If the input signal is at 50 percent,
then the net effect is equal attraction and repulsion of the sus­
pended permanent mag net. As the permanent magnet moves
further away from the Hall sensor, the duty cycle changes to a
higher ratio that attracts the magnet, and the reverse.
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above the base, which puts the magnet above eye level
when I'm sitting at my workbench.

Kit of parts available from the author for $40.00 includes circuit board, elect ronic parts,
and two magnets.You will need to supply your own electromagnet. Suggested sou rces for

electromagnets and kits are on the author's web site:
www.arttec.netlLevitation/Kit.html

SEPTEMBER 2003

TESTING

POLARITIES

The circuit requires at least 12VDC from a regulated
power supply - this is the minimum voltage requirement
for U4. It will not work at all below about 11 volts. U4 can
handle up to 60 volts, but the circuit is limited by the
78L05's max of 30 volts and the voltage tolerance of C2
and C3. This gives you the opportunity to "overdrive" 12V
solenoids up to 24 volts or so to enhance the performance.

Take a small Neodymium magnet and tape it to the
end of a plastic pen for testing. The magnets I used are
3/8 inch in diameter and 1/8 inch to 1/4 inch thick . They
are available from many of the surplus stores advertising
in Nuts [,. Volts. Don't glue it, as you may need to flip it
over to get all the polarities correct. Connect your sole­
noid and connect power to the circuit. Power consump­
tion should be very low - under 50mA for a 30-ohm coil
like I used.

Now hold the pen in your hand and slowly move it up
towards the electromagnet, keeping it directly in line
below the center of the coil. As it approaches the coil with­
in about 1/2 inch, you should begin to feel a slight push
or pull. If you have a 'scope, you should see a 50 percent
duty -cycle waveform at pin 7 of U3 when no magnet is
present. The pulse width and frequency will change as a
magnet approaches, and you will also see a lot of "hash"
on the waveform as the circuit engages and switches the
coil. You may also hear a squeal from your coil, depend­
ing on its construction, and you will feel the coil switching
as a vibration as you move the magnet around near it.

Three things need to be in the correct magnetic polar­
ity relative to each other in order for it to work: the coil,

the Hall sensor, and the sus­
pended magnet. If your mag­
net pulls toward the coil, try
reversing the coil wires. If the
magnet still pulls toward the
coil, try reversing the orienta­
tion of the magnet. Eventually,
you will know which combina­
tion works when you feel the
pen pushed away as it gets
close to the coil.

Of course, if your magnet
gets too close, it will be attract­
ed to the core of the electro­
magnet and smack into it,
potentially crushing the Hall
Effect sensor, so take care. If
you have a current meter on

S-volt regulator DIGI-KEY NJM78LOSA-ND
Honeywell Hall Effect sensor NEWARK S2F1662
Micrel Fan Management IC NEWARK OSC4623
Motor control IC DIGI-KEY LMD 1820IT-ND
monolithic capacitor DIGI-KEY P4963-ND
electrolytic capacitor DIGI-KEY PSI68-ND
monolithic capacitor DIGI-KEY P4923-ND
LED
1/4 watt resistor
solenoid or hand wound coil (8 ohm min. 16+ ohm good)

LM78LOS
SS49SA
MICS02
LMDI8201
O.OluF SOY
470uF 3SY
O.luF SOY
LED
470 ohm
electromagnet

Suggested Hall Effect sensor wiring to prevent shorted
leads during testing.

UI
U2
U3
U4
CI
C2
C3
DI
RI
LI

Look for something rated around 12VDC with a lot of
pulling force - at least 12 oz. pull at 1/4 inch, preferably
much more than that. You can wind your own from mag­
net wire, but be sure to calculate your current consump­
tion before hooking it to the circuit so you don 't exceed
three amps or so. Anything below about eight ohms will
cook U4! I made my (32 ohm) electromagnet from a
spare solenoid by hacking off the end of the plunger so it
sits flush with the end of the coil. Glue the shaft into the
solenoid (or wrap a turn or two of tape around it and force
it in). I also have used a small DC clutch as a magnet with
a steel shaft inside it. An actual commercial lifting type
electromagnet will work fine, too.

It is very important that the axis of the electromagnet
be perfectly vertical for this design to work. So give some
thought to mounting so that it can be adjusted and lev­
eled. The sensor should be securely taped or glued to the
center of the bottom of the coil, right on the shaft. Mount
your solenoid at least eight inches above the base to give
you room to work. I used particle board (MDF) and angle
brackets (image) , and my solenoid is about 18 inches

BUILDING A SUPPORT
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your power supply, it will go up as the pen approaches from
over 1/2 inch away, then go down as you hit the ideal levi­
tation pos ition, then go up again as you move it closer to
the co il. Once you have the des ign tweake d, the power con­
sumption will stay relatively low during stable levitation.

CALIBRATION

Once the polarities are right, you will feel the magnet
"grab" as it enters the "sweet spot" under the coil. At this
po int, you should try to let the pen go very gen tly so you
don't bump it up, down, or sideways.

If it pulls up and sticks to the co il, you will need to add
more weight - try stick ing anothe r magnet to the top. If it
falls away, your pen is too hea vy, or your electromagnet is
not strong enough. It will take some time to find the right
weight that you r combinat ion of electromagnet and pe r­
manent magnet will lift. The ran ge of viable weights is fair­
ly small, so be prepared to do a lot of testing and chang­
ing of weights. Small plastic models like Harry Potter toys
will be su re to delight the kids!

PATIENCE IS REWARDED

My design is very simp le and does not use any dyna rn-

Guy Marsden designs custom prototypes for inventors and
controls for kinetic artworks. He also makes electronic and
wood sculptures and furniture. See his extensive web site at

www.arttec.net or email himatguy@arttec.net.

ic damping as some other designs I have seen do, but
those designs are very complex. You can expect the levi­
tated object to bobble up and down a bit until it stabilizes.
Adding a small amount of ferrous metal to the suspended
magnet will dampen the vertica l oscillations and stabilize
the levitation - try small washers or nuts.

It takes some patience to learn how to carefully get
the magnet into position and release it so it stays stable. It
is a very spooky feeling when it all works right and the
magnet pu lls into place. Ifyou sta rt a levitated object sp in­
ning it will continue for a long time - it's a frictionless
bearing!

This is the type of simple magic that evokes my
favorite quote from science fiction writer Arthur C. Clarke:
"Any sufficiently advanced technology is indistinguishable
from magic." People young and old will marvel at you r
mastery of the "magic" of electronics! NY



The US Government has a vested
interest in promoting innovation
use it to your advantage! by Danny Graves

What type of idea do you need protected? Is it
a unique shape for a cell phone , a bette r mousetrap,
or a new variety of petunia? There are three types of
patents to choose from: design, utility, and plant.

Design patents protect the
way a product looks , but not the
way it functions. MPEP Chapter
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What types of patents are
availablet

Figure I . The USPTO
web site patent p:lge.

Where do you get a patentt

In mos t cases, I will not give you the specific , lengthy,
detailed information, but simply an overview and tell you
where you can find more information if you need it.

The United States Patent and Trademark Office
(USPTO) is in charge of issuing pa tents in the US. The
USPTO has been around for over 200 years. They are
headquartered in Arlington, VA. Thei r web site ­
www.uspto.gov - is a wea lth of information including
the ab ility to electronica lly search patents and pending
patent applications. In addition , the Manual of Patent
Examining Procedure (MPEP) is ava ilable on the USPTO
web site . The MPEP is a huge document, with many chap­
ters , that has the answer to just about every question you

could have about completing a patent applica­
tion. The trick is being ab le to ferret out the spe­
cific data you need in the massive amount of
information. Having the MPEP on computer so
that you can use the "find" feature of a word
processor or Acrobat Reader is very handy.

The USPTO web site also includes United
States Code (USC) Title 35, which contains the
patent laws. In addition, the USPTO web site
includes the Code of Federal Regulations (CFR)
Title 37, which contains the patent rules.

These two documents, along with the MPEP,
will tell you everything you ever wanted to know
(and mo re) about patents. Of the three docu­
ments , the MPEP is the most practical since it
sort of sums up the contents of 35 USC and 37
CFR. The USPTO Web site patent page is shown
in Figure 1.

In.ternatiOiUil Prol~ri0O!n~_:::.:::=:-::=====
~ Patent Cooperation Treaty
,. Global /International Intell ectual Property
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.. Authority file - list of Patent Numbers in

the online Image database
~ Expired patents
~ Extended Patent T erms
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.. Withdrawn patents
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KEY
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., Corresponding re : patenting (MPEP)
.. Intellectual property options
.. Special patent mailbox es
.. Types of patent applications/proceedings
~ Guidance, tools & manuals
., Polley & procedures

m Laws & regulations
35 USC - Patent Laws [PDF]
37 CFR - Patent Rules [PDF]

.. Tra ining & conferences

Fees and payments
e:' Get C O P IES of patents & related
documents

Patent Customers e ncouraged to communicate via FAX Instead of mail
! Mailing Addresses Change M ay 1 !
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more about assignments

~ Patent Publication
IbJ Forms

W hen you have a great product idea that you
want to protect and guard, the biggest and bad­
dest guard dog in the world won't do you any

good.-What you need is legal protection that establishes
you were the first to hatch the idea . You need the US gov­
ernment (the biggest and baddest guard dog?) to back
you up . You need a US patent.

A patent can be used defensively to prevent others
from claiming the same idea . A patent can also be used
offensively to attack infringers and get them to pay you a
royalty for using your idea . This article will expla in where
you obtain a patent, what types of patents are available,
what determines patentability, costs of getting a patent, sub­
ject matter that gets special treatment, patent application
requirements, acting as your own patent attorney/agent,
and the difference between a patent agent and an attorney.

62



[73[ Assignee: AC V Trtdon lnc., Burlington, Canada

An electrica l circu it for tum signal, hazard signal. and brake

United States Patent [19]
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6,031,451
Feb. 29,2000

7 Claims, 2 Draw ing Sheets

signal ligh ts of an automo tive vehicle has first and second
relays each having an cncrgizable coil and contacts which
arc in a first configuration when the coil is not energized aod
a second configurat ion when the coil is energized . A brake
signal swi tch is operable to suppl y relative high steady
elect rical cu rrent to the first. and second relay con tacts , the
contacts of the first relay when in the first configuration
co nducting the relative high steady electrical current to left
rear ligbt and the contacts of tbe second relay wben in the
first configuration conducti ng the rela tive high stead y elec­
trical current to a right rear light 'J1Jc: tum signal switch,
when ope rated. also causes relative high electrical current to
be supplied intermittently to the first and seco nd relay
contacts, the contacts of tbe first relay prese nting an open
(,..ircuit to the intermittent relative high current when in the
first configuration and supplying the rela tive high intermit a

tent current to a left fmnt and the left rear lights, when in the
secon d configur ation to cause the left fmnt and the left rear
lights to he illuminated intermittent ly in a flashing manner .
aDd the contacts of the second rclay presenting an open
circuit to tbe relatively high intermittent current when in the
first configuration and supplying the relativel y high inter­
mittent current (0 a right front light and the right rear light .
when in the:second configura tion to cause the right front and
right rear light'; to be illuminated in flashing manner. A
hezard signal switch is operable 10 energize the roil" of the
first and seco nd relays with relatively low steady electrical
curren t to cause the contacts thereof to move to tbe sccood
configuration, the:haza rd switc h when operated also causing
relatively high electrical cu rrent to be supplied intermi ttently
10 Ihe first and second relay contacts 10 cause the left and
right front lights and the left and right rear lights to be
illuminated in a flashing manner.

I~III ~IIII ~ III~ IIIIIIIIIIIIII~ 11~lllllllllllllln 11111111
US006031451A

[l1J Patent Number:

[45J Date of Patent:

claims section of an issued utility patent. The feature that
is claimed must be adequately described elsewhere in the
specification. A utility patent application may have more
than one claim. In fact , utility patents usually contain many
claims . If there are more than three independent claims
(claims that don 't reference another claim), there is an addi­
tional fee ($84.00 per claim in 2003). If a claim references
more than one other claim, it is termed a multiple depend­
ent claim and there is an additional fee ($280.00 per multi­
ple dependent claim in 2003). For any type of claims in
excess of 20, there is a fee of $18.00 per claim in 2003.

If drawings are necessary to understand the invention,
they must be included with the patent application. The draw­
ings initially submitted with the patent application need not
be formal. The formal drawings can be submitted later. MPEP
Chapter 600 details the drawing requirements. Note that even
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1500 defines the design of an article as the visual charac­
teristics embodied in or applied to an article. It is not the
article itself that is the subject of a design patent, but
instead, the ornamental design . A unique shape for a cell
phone or a novel computer icon would qualify for a design
patent. Design patents are less expensive to get and main­
tain than a utility patent. They are also easier to get
approved or "allowed" by the USPTO. It is fairly easy to
have a unique design. Des ign patents expire 14 yea rs from
the date the patent is granted.

Utility patents are typically what people think of when
they hear the term "patent." A utility patent protects the
wayan article is used and works. A utility patent is the
most difficult to get approved and costs the most money
to obtain and maintain. If you designed a mousetrap that
works better, you would need to get a utility patent (note
that if you wanted to also protect the way your
mousetrap looks, you could get a design
patent in addition to the utility patent). Utility
patents require well-written claims (defined in
the next section) in order to be effectively
used as an offensive weapon (prevent others
from infringing upon) in the future. The spec­
ification must also be well written - fully
describing the invention - in order to be used
defensively (keep others from patenting the
idea). Currently, utility patents expire 20 years
after the filing of the application.

MPEP Chapter 1600 covers the details
concerning plant patents. Since most of you
are not into gene splicing as a hobby, I will
simply mention that they only cover asexual­
ly reproduced plant varieties (clones) to prove
genetic stability , exclude tubers, and require
that the plant is an unobvious invention.
Currently, a plant patent will exp ire 20 years
after the filing date of the application.

Parts of a utility patent
application

MPEP Chapter 600 defines the parts,
form , and content of a utility patent applica­
tion . The main parts of the utility patent appli­
cation are the specification, oath/declaration,
drawings, and filing fee. The appropriate
transmittal forms must also accompany the
application. Figure 2 shows an example of the
first page of a utility patent showing the inven­
tor information, title, abstract, etc.

The specification is where the invention is
completely described in a manner which
would enable a person - skilled in the subject
- to make the invent ion. The specification
also includes the claims of the patent. A claim
is a statement, of specified construction, that
points out a specific, special feature (s ) that
you want patented. The claims portion of the
specification usually begins with "We claim:"
or a similar statement. Figure 3 shows the
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of transis tor Q4. II will he noted that resister RIO is Icntly lOrhe first aod seco nd relay oonu CLor., rhc oontl ets
connected to lioc 132. Enabling transistor 0 4 causes the of the first relay presenting In open circu it 10 tbe
voltage across terminals 6 and 7 of flasher Ie 28 to be intermittent relatively high current when in the first
reduced to the saturation voltage of transistor 0 4. it being configuration and supplying (be relatively high inter-
arranged that the sa turation vo ltage is below the predete r- 5 mittent cur rent to a left front light and the left rear light
mined voltage, such as 85 mV required by the flasher Ie 2S when in the second configuration 10 cause the left front
to induce the previously described voltage mode . and rear lights to be illumina ted intermittently in a

It is necessary that the above described outage mode of flashing manner. aDd the contacts of the second relay
the Basher Ie 28 be disabled when the hazard signal switch presenting an open circuit to the relatively high inter-
100 is actuated. Thus. when hazard signal switch 100 is 10 mittent current when in the first configuration and
closed , lines 102, 148 resistor R19 and lines 146. 142 are supplying the relatively high intermittent current to a
grounded. therehy grounding terminal 7 of flasher Ie 28. right front light and the right rear light when in the
This maintains the voltage dropped across termina ls 6 and 7 second configuntion to cause the right front and rear
of flasher Ie 2S above the pre-determined value. such a....85 lights to be illuminated in a flash ing manner. and
mY, required 10 keep the flasher Ie 28 in tbc normal ftash 15
mode. Also. closure of the hazard signal 100 grounds a hazard signal switch operable to energize:the coils of the
resister R12 through lines 100, 148, diode D3 and line ISO, first and second relays with relatively low steady elec-
thereby preventing left and right error switches 138. 142 trical current to cause the contacts thereof to move to
from initiating an outage mode. the seco nd configuration. the hazard switch when oper -

The function of various compone nts of the circui t not 20 atcd also causing relatively high electrical curre nt to be
specifically described , sueh as various resistors, capaci tors supplied intermittently to the first and second relay
aod diodes, will also be readily apparent to a person skilled contacts to cause tbc left aod right front lights aod the
in the art. For example, the decoupling capacitors are left and right rear ligh ts to be illuminated in a flashing
included to minimize the effects of EM!. 25 manner.

FIG. 2 shows a similar circui t diagram to FIG. 1, but 2 . An electrical circuit according to claim 1 also including
without the error sensing function and with the capaci tors a fla.sher relay having an energizahle coil and a contact
omitted for clarity. Also for clarity, tbe same reference operable .by cl'lerg~tion and de-enc rgi:tali~ of the Dasher
numerals have been used to identify the components shown relay cot! by relatively low steady electrical current or
in FIG. 2 which are also shown in FlG. 1. It is therefore absence tbereof respectively to cause said relatively high
believed that further description of the cin..cuit of FIG. 2 is 30 intermittent current to he supplied to the firM and second
unnecessary. Some minor changes have been made. the relay contactss, and an Ie flasher unit operable 10 effect ~id
nature of which will be readily apparent to a person skilled ener gization and de-energization of the flasher relay coil .
in the art from the comparison of H GS. 1 and 2. It should 3 . i\n electrical circuit according to claim 2 including a
however be mentioned that, in this embodiment . the low .1'i B a.sb~r . transistor swit~ ~ series with the ft~er relay coil
current flasher Ie 2H is a 'Ielefuken U6438. pruvidiug an open ClCCUlt therefor when neither the turn

Other embodimentss of the invention wiUhe readily appar- signal.switch nor the h3,zsrd sig~al switch is actuated: the
ent to a per.sonskilled in the art. tbe scope of lhe invention act~a tlon o~ the (~rn Signal SWItch or the hazard signal
being defined in the appended claims. SWitchcausing a SIgnal to be sent to the base of the flasher

We claim : 40 transis...tor switCh, to cause the tlasber transistor s~tch to

1. An electr ical circuit for turn signal, hazard signal and bcco£?e conducting a~ enable the flasher rclay.coil to be
brake signal lights of all automotive vehicle said electrica l energized and de-energized by the Ie Basher unit.
circu it"having: • 4, An ele(;'t?cal circuit according t~ ela.im 3 ~herc: in the

. . . Ie Ilasher unit has a ground conoecuon m senes With the
first and second relays each having an energizable cod and f h . 1 itch h b the d nnecticn of

contacts whic h arc in a first configuration when the coil 4S as c~ transrs or ~W,I w ere y g~oun co I .

is not cne izcd and a second configuration when the the. Ie. flasber urut IS ~mken ,,:,hen. neither the ~m signa)
'I " rgi; 1 SWitch nor the hazard Signal SWItch L~ actuated, with curre nt

f."01 IS ~nergJ~ J • , flow in the Ie flasher unit thereby being discontinued.
a brake Signal ~wltch operable to supply relatively lugh S.1\n electrical circuit accordingly to claim 2 including a

steady electrical current to the first and sec:ond relay voltage se nsing device for sensing voltage change caused by
contacts. t~e contacts ~f the first rcl~y when.JD the first so failure of any one of the Irout and rear lights . when selected
confi~ratlon conducting the .relatlvely high steady for flashing operation. said voltage sensing device caus ing
electrical current to a le~t rear light and the CO?t~CL') of the Ie flasher unit to effect flashing of another light selected
the ~cond rcla~ wben. m the first co~gura110n COil- for flashing operation at a frequency different from normal.
d,ucung the, relatively high s tea~y electrical current.to a ~'I: 6. An electrical circuit according to claim 2 including a
fight rear light, whereby operation of the brake SWitch. . . lcf error sensing device and a right error sensing device for
when .the coils of the first a~d second relar' are not sensing an error in the left or right load (1) respectively, said
energized. ~usc Ihe left and right rear brake lights '0 be left or right sensing device being operable, when a len or
illummated m a steady manner. right light respectively has been selected for Ilash ing

a turn signa l switc h operable to energize the coil of the operation, to cause the Ie flasher unit to effect flashing at a
first relay or the coil of the second relay by relatively 60 frequency different from normal.
low steady electrical current depend ing on the direction 7. An electrical circuit according 10 claim 6 including a
of tum to cause the contact...of the relay concerned (0 means for disabling operation of tbe left and right error
move to the second configun tion, sensing devices when the hazard switch is operated.

said turn signal switch when operated also causing rela-
tively high electrical current to be supp lied intermil-

Figure 3. An example of the claims section of an Issued utility patent.

Parts of a design patent
application

in

If you publicly expose your idea more
than a year before you submit your patent
application, you are out of luck as far as
getting a patent. That means you can't
write a magazine article about it, you can't
sell it, you can't show it at a trade show,
etc. This is true even if your idea or prod­
uct is contained inside a larger machine
and is not readily visible.

Be wary of invention promotion com­
panies. They offer to represent the inven­
tor for a hefty sum of money and then may

SEPTEMBER 2003

What will get you
troublet

Is the invention patentablet

Parts of a plant patent
application

MPEP Chapter 1600 details the required content and
order of a plant patent application. A plant patent appli­
cation is required to have the appropriate transmittal
forms along with the specificat ion , drawings , oath/decla­
ration, and appropriate fees . Like a design patent, only a
single claim is permitted in a plant patent.

In order to get your patent allowed, you must convince
the patent examiner that your invention fulfills the require­
ments of patentability as described in MPEP Chapter
2100. These are simply that the invention must be useful,
non-obvious, and novel.

Usefulness is fairly easy to establish.
Something can be useful for a variety of
reasons including the fact that it provides
amusement to the user. If a use has not
been established for your invention, your
patent may get rejected. Also, if the use is
illegal, you are out of luck as far as getting
a patent.

Non-obviousness is a little tricky to
establish. The standard for measurement
of non-obviousness is that a person work­
ing in the field of the invention must find
the invention unexpected and surprising
rather than apparent and expected. There
is a lot of room for op inion when it comes
to an invention being non-obvious. Items
that seem obvious today (paper clip, safe­
ty pin, ironing board, etc.) were not obvi­
ous when they were invented.

In order for your invention to be novel ,
it must differ from the status quo in the
field of your work. The existing subject
matter in the area of your invention is
termed "prior art." If the invention is
already patented or described in a printed
publication , you can forget getting a
patent.

8
6,031,451

7

software patents frequently include drawings.
An oath or declaration is where the inventors list their

full name, citizenship, address, etc. , and sign to certify the
information. The oath or declaration must identify the
application to which it is directed.

MPEP Chapter 1500 ' defines the required contents
and order of a design patent application. A design patent
essentially has the same elements as a utility patent
application. Good quality drawings or photographs are
obviously an essential part of a design patent application.
A design patent application is required to have only a sin­
gle claim which is directed at the ornamental design of
the article.
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Patent agent or patent
attorneyt

If you decide to hire a professional to prosecute the
patent, you will either hire a patent agent or a patent attor­
ney. These two types of professionals can both successful­
ly get you a patent. However, it is important to understand

Parts List Software
for 'EYlJineers anl1Jes!.Jners

• Easily create and manage multi·level parts lists for
products in development...and after.

• Track sources for Items with multiple price breaks.
• Calculate product costsat any quantity.
• Launch CAD, viewer or browser from any Item.
• Automaticallygenerate RFQs or POs.

cuting a patent application when everything goes right, it
is when something goes wrong that a patent agent or attor­
ney is most needed. For instance, if it turns out that your
application will interfere with another pending application,
an "interference" (see MPEP Chapter 2300) may be
declared by the USPTO Director. An interference is a com­
plicated, expensive procedure which would be difficult for
the uninitiated to handle.

It is not my intention to scare you away from patenting
your inventions yourself, however, you should be informed
of what you are getting into. I am a firm believer that peo­
ple should handle their own legal affairs as much as possi­
ble if they can do a competent job. One way to gauge the
potential difficulty of prosecuting a patent is to look at the
results of the Patent Practice Exam given by the USPTO
twice a year to potential patent agents and attorneys. This
exam covers the rules and procedures of patent practice
and at least a 70 out of 100 is required to pass the exam.
The pass rate usually hovers in the 35 to 50 percent range.
In other words, 50 to 65 percent of educated people, that
have presumably studied the MPEP, fail the exam.

Applications can be moved up ahead of others in the
examining order if a petition to make the application spe­
cial is granted. MPEP Chapter 700 lists the reasons that an
application might be made special. These reasons include
the applicant's health, applicant's age, and topics related to
energy resources. In fact , these three reasons result in the
application being made special without filing the petition
fee. Other reasons, such as someone infringing on your
patentable idea, require the petition fee to be submitted. The
2003 filing fee for the petition to make special is $130.00.

Is there any sUbject matter that
gets special treatmentt

Patent it yourselft

do nothing. Make sure you deal with a registered patent
agent or an attorney. The USPTO web site has a list of the
registered patent practitioners.

Just like you can represent yourself in court, you have
the right to patent your ideas yourself. Patent agent and/or
attorney fees could be thousands of dollars. Therefore, if
you have the capability and fortitude, you can save a lot of
money by patenting it yourself.

The process of completing the patent application,
communicating with the USPTO patent examiner (the per­
son that determines whether or not you get a patent) , sub­
mitting the drawings, revising the claims, etc., from the ini­
tial application submittal until the patent is allowed
(approved by the examiner) and granted is called prose­
cuting the patent application. You have the right to do all
of this yourself.

There are many self-help books available on the sub­
ject of "patenting it yourself." These books detail the items
that are needed for a complete patent application. Of
course, you can get the information for free from the
USPTO via the MPEP. MPEP Chapter 600, 1500, and 1600
cover the parts, form, and content of the utility, design,
and plant patent application, respectively.

The form and structure of the patent is very specific.
There is no room for creativity when it comes to the form
and structure of a patent application. For example, there is
a rule for the maximum number of characters (500) in the
patent title and the maximum number of words (150) in
the patent abstract. These rules must be adhered to or you
will get a chance to repeat your work and probably pay
fees for the mistake. Writing the abstract, technical specifi­
cation, claims, etc. , is well within the capability of most
astute people. However, the offensive use of a patent is
directly tied to the claims.

Therefore, it is critical that quality claims be written in
order to make the patent worth its money and effort. The
USPTO patent examiner will actually write the claims for
you if you request it. Since the value of a patent is con­
tained in its claims, you will want to thoroughly inspect the
claims for value to you, not just allowability, if the examin­
er writes them for you. Writing effective patent claims is an
art form!

While an intelligent person can certainly handle prose­
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..y~~~...;;.uspto.gov - Web site for United States
Patent and Trademark Office and your online
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Patent Rules

• Nolo Press - Tons of good, legal self-help books
available at www.nolopress.com

the differences between the two types of professionals.
A patent agent is a person who does not have a law

degree , but is authorized to practice a sp ecialized law ­
patent law - before the USPTO. Patent agents are individ­
uals with technical backgrounds that have passed the
Patent Practice Exam that is administered by the USPTO.
Patent agents may have their own patents, as well as expe­
rience prosecuting patent applications for others. They
may also have many years of technical experience.
However, if litigation becomes necessary, a patent agent
can't represent you in court.

A patent attorney is just that - an attorney who has
passed the Patent Practice Exam that is administered by
the USPTO. Patent attorneys typically will not have as
much technical experience as a patent agent. Patent attor­
neys ca n not only prosecute your patent application, but
can also represent you in court in the event litigation
becomes necessary.

The BasicATOM is an advanced single-board computer that
runs a BASIC language interpreter w~hin its powerful

microcontroller. The Easy-la-use BASIC language
commands control I/O, allows the ATOMto interact
with other integrated circuits, turn devices on and off,
interface with sensors, and do almost anything you
can dream up. BasicATOMsare powerful enough for
everyone from the product engineer to the hobbyist
yet simple enoughfor classroomuse.

Some BaslcATOM Features Include:
14K of Program Space

368 Bytes of User I System RAM
256 Bytes of User EEPROM

33,000 Plus Instruction Per Second
Three Hardware Timers
Two Capture, Compare

Analog-to-Digital converter
Buffered Serial Port

Builtin hardware
32 x 32 Bit Math

Floating Point Math
Variables with values up to 4,294,967,295

All ATOM modules feature
more program space, larger
user RAM AND EEPROM,
and nearly 3 times the
executa ble speed of their

nearest competrtor t Now the
only choice you need to make is

which BasicATOM is right for you.

ATOM Modules Include: BasicATOM
module, programm ing software and printed

documentation

BASIC MICRO
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Visi t us online at WWW.BA5ICMICRO.COM
to see ou r complete product line

or call t o ll free at 1-800-869·5095
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Either a patent agent or attorney can be equally effec­
tive in successfully getting you a patent. The typical patent
agent may have a technical edge over the typical patent
attorney. This may allow the patent agent to see technical
features that would be unapparent to a patent attorney.
However, if litigation becomes necessary, only a patent
attorney can help you in court.

How much will it costt

If you prosecute your own patent application, you will
only have to contend with the fees that the USPTO impos­
es . These fees can be substantial. For instance, the 2003
application fee for a utility, design, and plant patent is
$750.00, $330.00, and $520.00 , respectively. Ifyour utility,
design, or plant patent is allowed, you will be required to
pay an issue fee of $1,300.00 , $470.00 , or $630.00,
respectively. In addition, utility patents have maintenance
fees of $890.00, $2 ,050.00, and $3,150.00 that are due at
3.5 , 7.5 , and 11.5 years after issue, respectively. There are
various other fees for such things as claims in excess of
20 , multiple dependent claims, etc. The full listing of fees
is available on the USPTO web site.

Ifyou utilize a patent agent or attorney, you willalso be
responsible for paying their fee for prosecuting your patent
application, You can find plenty of patent agents on the
Internet by searching for "patent agent." Depending on the
complexity of the invention, a patent agent may charge
$1 ,000.00 to $3 ,000.00 for a utility patent application. A
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design or plant patent application ma y result in a charge
of only around $500.00 from a patent agent. Generally,
patent searches are an ext ra charge of around $500.00.
Some patent agents will exchange their services for a pe r­
centage licensing agreement. They will do this only if they
think your invention has the potential to generate royalties.

A patent attorney will generally end up being more
expensive than a patent agent since they customarily
charge by the hour. A patent attorney may also require a
retainer to be pa id initia lly.

The USPTO maintains a list of registered patent
agents and attorneys. This list is available on their web site .
However, the USPTO will not recommend a specific agent
or attorney.

Do I have to pay the same fees
as big corporationst

If you qualify as a "small entity," you get to pay half the
rate on certain USPTO fees. The definition of small entities
includes individuals, small bus iness concerns as def ined
by the Small Business Administration (SBA), and nonprof­
it organizations. Small entities do not get all fees reduced,
but most of the big fees such as the application fee, issue
fee, and maintenance fees are reduced by 50 percent.
Therefore, it pays to be a small entity! However, if you
license or assign your invention to a company that does
not qualify as a small entity, the small entity status may be
revoked.

Conclusion

Hopefully, th is article has cleared up the patenting
process a bit for you by explaining the types of patents
that are available, what determines patentability, costs of
getting a patent, subject matter that gets special treat­
ment, patent drawing requ irements, acting as your own
patent attorney/agent, and the difference between a patent
agent and an attorney.

Getting a patent can often be costly, time consuming,
and difficult whether you complete the process yourself or
hire a professional.

However, a patent will protect your unique idea and
keep others from cashing in on it. It is a process that has
had 200 years to become complicated and convoluted.
However, it has also proven itself to be a very effective way
to protect intellectual property while encouraging innova­
tion.

Of course, do not totally rely on the information in this
article for your patent activities. It should be used as a gen­
eral guide only. You should always consult the latest USPTO
requirements or a registered patent agent or attorney.

Finally, a US patent protects your invention in the
United States only. If you want to protect your invention in
foreign countries, you must file a patent application in
each country that you desire protection. Search for infor­
mation on the Patent Cooperation Treaty (PCT) on the
USPTO web site for useful information on filing a patent
application in other countries. NV
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BIPOLAR TRANSISTOR
COOKBOOK-

Ray describes a variety of practical common-emitter and common-base
amplifier circuits in this month's episode of this eight-part series. by Ray Marston

V+ OutniVsa,

OV- - -.

R3
3k3

DIGITAL CIRCUITS

Figure 1 shows a simple npn common-emitter digital
amplifier, inverter, or switch, in which the input signal is at
either zero volts or a substantial positive value , and is
applied to the transistor's base via series resistor Rb, and
the output signal is taken from the transistor 's collector.
When the input is zero, the transistor is cut off and the
output is at full positive supply rail value. When the input
is high , the transistor is biased on and a collector current
flows via RL, thus pulling the output low. If the input volt­
age is large enough, Ql is driven fully on and the output
drops to a "saturation" value of a few hundred mY. Thus,
the output signal is an amplified and inverted version of
the input signal.

In Figure 1, res istor Rb limits the input base-drive cur­
rent to a safe va lue. The circu it's input impedance is
slightly greater than the Rb value, which also influences
the rise and fall times of the output signal - the greater
the Rb value, the worse these become. This snag can be
overcome by shunting Rb with a "speed-up" ca pacitor
(typically about 1nO), as shown dotted in the diagram. In
practice , Rb should be as small as possible, consistent
with safety and input-im pedance requirements, and must

not exceed RL X hfe•

Figure 2 shows a pnp version
of the digital inverter/switch cir­
cu it. Q 1 switches fully on , with its
output a few hundred mV below
the positive supply value, when the
input is at zero volts , and turns off
(with its output at zero volts) when
the input rises to within less than
600mV of the positive supply rail
value.

The sensitivity of the Figure 1
and 2 circuits can be
increased by replaci ng Q 1
with a pa ir of Darlington- or
Super-Alpha-connected tran­
sisto rs. Alternatively, a very­
high-gain non-inverting digital
amplifier/switch can be made
by using a pair of transistors
wired in either of the ways
shown in Figures 3 or 4.

The Figu re 3 circuit uses
two npn transistors. When the
input is at zero volts , Q 1 is
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Figure 3. Very-h igh-gain non-inverting
digital amplifie r/switch using npn t ransisto rs.

Figure 4. Alternative non-inverting digital amplifier/
switch using an npn-pnp pair of transistors.
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Out LV+ - VaalV+- __ J:
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V+ (2-20V)

Q1
2N3906

Figure 2. Digital inverter/switch (pnp).

Figure I. Digital inverter/switch (npn).
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COMMON-EMITTER AMPLIFIER
CIRCUITS

ast month's edition of this Tran sistor Cookbook
series described practical ways of using bipolar
transistors in useful common-collector (voltage fol-

lower) circuit applications, including those of relay driv­
ers, constant-current generators, linear amplifiers, and
complementary emitter followers. This month 's article
moves on and shows various ways of using bipolar tran­
sistors in simple, but useful common-emitter and com­
mon-base configurations.

The common-emitter amplifier (a lso known as the
common-ea rth or grounded-emitter circuit) has a medi­
um value of input impedance and prov ides substantial
voltage ga in between input and output. The circuit's input
is applied to the transistor's base, and the output is taken
from its collector - the circuit's basic operat ing principles
were briefly described in the opening installment of this
eight-part se ries . The common-emitter amplifier can be
used in a wide var iety of digital and analog voltage ampli­
fier applications. This section of the Cookbook series
starts off by looking at "digita l" application circu its.
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Figure 8. Ultra-sensitive relay driver
(needs an input of 700mV at 40IJA).

Figure 5. DC-motor direction-control circuit.

01
1N4001

LINEAR BIASING CIRCUITS

Figure 8 shows another ultra-sensitive relay driver,
based on the Figure 4 circuit, that needs an input of only
700mV at 40~A to activate the relay. R2 ensures that Q1
and Q2 turn completely off when the input terminals are
open circuit.

A common-emitter circuit can be used as a linear AC
amplifier by applying a DC bias current to its base so that
its collector takes up a quiescent half-supply voltage value
(to accommodate maximal undistorted output signal
swings), and by then feeding the AC input signal to its base
and taking the AC output from its collector (as shown in
Figure 9).

The first step in designing a circuit of the basic Figure
9 type is to select the value of load resistor R2. The lower
this is, the higher the amplifier's upper cut-off frequency
will be (due to the smaller shunting effects of stray capac­
itance on the effective impedance of the load), but the
higher Q 1's quiescent operating current will be . In the dia­
gram, R2 has a compromise value of 5k6, which gives an
upper "3dB down " frequency of about 120kHz and a qui­
escent current consumption of 1rnA from a 12V supply.

To bias the Figure 9 circuit's output to half-supply
volts , R1 needs a value of R2 X 2h fe, and (assuming a nom­
inal hfe of 200) this works out at about 2M2 in the example
shown. The formula for the circuit's input impedance
(looking into Q1 base) and voltage gain are both given in
the diagram. In the example shown, the input impedance
is roughly 5kO, and is shunted by R1 - the voltage gain
works out at about x200, or 46dB.

The quiescent biasing point of the Figure 9 circuit
depends on Q1 's hfe value. This weakness can be over-

+12V
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1N4001

~}Out
RLA

1

OV

~}Out
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Q2 -1-

2N3904

I
~

'RLA
I-
I 2

RLA
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>120R

OV

+12V

+12V

RLA
12V

>120R

R1
10k

Figure 7. Touch, water, or
steam-activated relay switch.

Figure 6. Simple relay-driving circuit.

RELAY DRIVERS

cut off, so Q2 is driven
fully on via R2, and the
output is low (saturated) .
When the input is "high,"
Q 1 is driven to saturation
and pulls Q2 base to less
than 600mV, so Q2 is cut
off and the output is high
(at V+).

The Figure 4 circuit
uses one npn and one
pnp transistor. When the
input is at zero volts, Q1 is cut off, so Q2 is also cut off (via
R2-R3) and the output is at zero volts . When the input is
"high," Q1 is driven on and pulls Q2 into saturation via R3.
Under this condition, the output takes up a value a few
hundred mV below the positive supply rail value.

Figure 5 shows (in basic form) how a complementary
pair of the Figure 4 circuits can be used to make a DC­
motor direction-control network, using a dual power sup­
ply. The circuit operates as follows.

When SW1 is set to "Forward," Q1 is driven on via R1,
and pulls Q2 on via R3, but Q3 and Q4 are cut off. The
"live" side of the motor is thus connected (via Q2) to the
positive supply rail under this condition, and the motor
runs in the forward direction.

When SW1 is set to "Off," all four transistors are cut
off, and the motor is inoperative.

When SW1 is set to "Reverse," Q3 is biased on via R4,
and pulls Q4 on via R6, but Q1 and Q2 are cut off. The
"live" side of the motor is thus connected (via Q4) to the
negative supply rail under this condition, and the motor
runs in the reverse direction.

The basic digital circuits of Figures 1 through 4 can be
used as efficient relay drivers if fitted with suitable diode
protection networks. Figures 6 through 8 show examples
of such circuits.

The Figure 6 circuit raises a relay's current sensitivity
by a factor of about 200 (= the current gain of transistor
Q1), and greatly increases its voltage sensitivity. R1 gives
base drive protection, and can be larger than 1kO, if
desired. The relay is turned on by a positive input voltage.

The current sensitivity of the relay can be raised by a
factor of about 20 ,000 by replacing Q1 with a Darlington­
connected pair of transis­
tors. Figure 7 shows this
technique used to make a
circuit that can be activated
by placing a resistance of
less than 2MO across a pair
of stainless metal probes.
Water, steam, and skin con­
tacts have resistances below
this value, so this simple
little circuit can be used as a
water, steam, or touch­
activated relay switch .
SEPTEMBER 2003



Ztn =4kS*

AV = 46<1S*(:: x(00)

'bond:: 20Hz to 120kHz :t3d B
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* =at V+ =12V

R1 = RL x2hfe

'bend = 18Hz to 120kHz :t3 dB

* = at V+ = 12V

Z;" = hie X~ =SkO*
Ie (mA)

Ie (mA) *
Av = RL X - - = 46dB (= x(00)

25

R2
5k6

+hC2
1011

Out

V+ (3 to 20V)

V+ (310 20V)

R1
2M2

V+/3 is thus developed across 5k6 emitter resistor R3,
and (since Q1 's emitter and collector currents are almost
identical) a similar voltage is dropped across R4, which
also has a value of 5k6, thus setting the collector at a qui­
escent value of 2V+/3. R3 is AC-decoupled via C2 , and
the circuit gives an AC voltage ga in of 46dB.

Figures 13 to 16 show some useful common-emitter
amplifier variations. Figure 13 shows the basic Figure 12
design modified to give an AC voltage gain of x10 - the
gain actually equals the R4 collector load value divided by
the effective "emitter" impedance value , which in this
case (since R3 is decoupled by series-connected C2-R5)
equals the value of the base-emitter junction impedance
in series with the paralleled values of R3 and R5, and
works out at roughly 560R, thus giving a voltage gain of
x10. Alternative gain values can be obtained by altering
the R5 value.

Figure 14 shows a useful variation of the above
design. In this case, R3 equals R4, and is no t decoupled,

so the circuit gives unity voltage gain. Note, howev­
er, that this circuit gives two unity-gain output sig­
nals, with the emitter output in phase with the input
and the collector signal in anti-phase. This circuit
thus acts as a unity-gain phase splitter.

Figure 15 shows another way of varying circuit
gain. This design gives high voltage ga in between
Q1 collector and base, but R2 gives AC feedback to
the base, and R1 is wired in series between the
input signal and Q1 base - the net effect is that the
circuit's voltage gain (between input and output)
equals R2/R 1, and works out at x10 in this particu­
lar case. Finally, Figure 16 shows how the Figure

CIRCUIT VARIATIONS
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Figure 10. Commo n-em itter amplifier
with feedback biasing.
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come by modifying the circuit as shown in Figure 10,
where biasing res istor R1 is wired in a DC feedback mode
between Q1 's collector and base, and has a value of R2 x
hre. The feedback action is such that any sh ift in the out­
put level (due to variations in hfe' temperature, or compo­
nent values) causes a counter-change in the base-current
biasing level, thus tending to cancel the original shift.

The Figure 10 circuit has the same values of band­
width and voltage gain as the Figure 9 design, but has a
lower total value of input impedance. This is because the
AC feedback action reduces the apparent impedance of
R1 (which shunts the 5kO base impedance of Q1) by a
factor of 200 (= Av), thus giving a total input impedance
of 2k7. If desired, the shunting effects of the biasing net­
work can be eliminated by using two feedback res istors
and AC-decoupling them as shown in Figure 11.

Finally, the ultimate in biasing stability is given by the
"potentia l-divider biasing" circuit of Figure 12. Here ,
potential divider R1-R2 sets a quiescent voltage slightly
greater than V+/3 on Q1 base, and voltage follower action
causes 600mV less than this to appear on Q 1 emitter.
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Figu re /8. Alternative high-gain
two-stage amplifier.

Figure 15. Alternative fixed-gain
(x I0) amplifier.
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Figure 20. Common-base amplifier.
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'band = 20Hz to
32kHz:l:3dB

V+ (3 to 20V)

used ma inly in wide­
band or high-frequen­
cy voltage amplifier
applications. Figure
20 shows an example
of a common-base
amplifier that gives a
good wide-band
response.

The Figure 20 cir­
cuit is biased in the
same way as Figure
12. Note , however,
that the base is AC-decoupled via C1, and the input signal
is applied to the emitter via C3. The circuit has a very low
input impedance (equal to that of Ql 's forward -biased
base-emitter junction), gives the same voltage gain as the
common-emitter amplifier (about 46dB), gives zero phase
shift between input and output, and has a -3dB bandwidth
extending to a few MHz.

Figure 21 shows an excellent wideband amplifier - the
"cascode" circuit - which gives the wide bandwidth bene­
fit of the common-base amplifier, together with the medi­
um input impedance of the common-emitter amplifier.
This is achieved by wiring Q1 and Q2 in series, with Ql
connected in the common-base mode and Q2 in the com­
mon-emitter mode.

The input signal is a pplied to the base of Q2 , which
uses Q 1 emitter as its collector load and thus gives unity
voltage ga in and a very wide bandwidth, and Q 1 gives a
voltage gain of about 46dB. Thus, the complete circuit has
an input impedance of about 1k8, a voltage gain of 46dB,
and a -3dB bandwidth that extends to a few MHz.

Figure 22 shows a close relative of the common-base
amplifier - the "long-ta iled pai r" phase splitter - which

OV

Figure 16. Wide-band amplifier.
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Figure /9. Bootstrapped high-gain amplifie r.

AV = 76dB

l in = 4kO

'band = 30Hz 10
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1011+1
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Figure 17. High-gain two-stage amplifier.

COMMON-BASE AMPLIFIER
CIRCUITS

V+ (610 20V)

A single-stage common-emitter amplifier circu it can­
not give a voltage gain much greater that 46dB when us ing
a resistive collector load - a multi-stage circuit must be
used if higher gain is needed. Figures 17 to 19 show three
useful high-gain, two-transistor voltage amplifier designs.

The Figure 17 circuit acts like a direct-coupled pair of
common-emitter amplifiers, with Ql 's output feeding
directly into Q2 base, and gives an overall voltage gain of
76dB (about x6150) and an upper -3dB frequency of
35kHz. Note that feedback biasing resistor R4 is fed from
Q2's AC-decoupled emitter (which "follows" the quiescent
collector voltage of Q 1), rather than directly from Q1 col­
lector, and that the bias circuit is thus effectively AC-decou­
pled. Figure 18 shows an alternative vers ion of the above
design, using a pnp output stage - its performance is the
same as that of Figure 17.

The Figure 19 circuit gives a voltage gain of about
66dB. Q1 is a common-emitter amplifier with a split collec­
tor load (R2-R3), and Q2 is an emitter follower and feeds
its AC output sign al back to the R2-R3 junction via C3,
thus "bootstrapping" the R3 value (as described in last
month's installment) so that it acts as a high AC imped­
ance. Q1 thus gives a very high voltage gain. This circuit's
bandwidth extends up to about 32kHz, but its input imped­
ance is only 330R.

HIGH-GAIN CIRCUITS

10 design can be modified to give a wide-band perform­
ance by wiring DC-coupled emitter follower buffer Q2
between Q1 collector and the output terminal, to minimize
the shunting effects of stray capacitance on R2, and thus
extending the upper bandwidth to several hundred kHz.

In a so-called "co m­
mon-base" transistor ampli­
fier, the input signal is
applied to the transistor's
emitter, and the output is
taken from the transistor's
collector. The common­
base amplifier has a very
low input impedance, gives
near-unity current ga in and
a high voltage gain, and is
SEPTEMBER 2003
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are applied to Q2 base
via C2. The circuit acts as
follows.

Suppose that a
sinewave input signal is
fed to Q2 base. Q2 acts
as an inverting common­
emitter amplifier, and
when the signal dr ives its
base upward, its collector
inevitably swings down­
ward, and vice versa.

Simultaneously, Q2's emitter "follows" the input signal,
and as its emitter voltage rises, it inevita bly reduces the
base-emitter bias of Ql , thus making Ql 's collector volt­
age rise , etc.

Q 1 thus operates in the common-base mode and
gives the same voltage gain as Q2 , but gives a non-invert­
ing amplifier action. This "phase-splitter" circuit thus gen­
erates a pair of balanced anti-phase output signals from a
single-ended input.

Finally, Figure 23 shows how the above circuit can be
made to act as a differential amplifier that gives a pair of
anti-phase outputs that are proportional to the difference
between the two input signals - if identica l signals are
applied to both inputs, the circuit will (ideally) give zero
output. The second input signal is fed to Q 1 base via C1,
and the R7 "ta il" provides the coupling between the two
transistors. NY

Q1
2N3904

Figure 22. "Long-tailed pair" phase splitter.
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R1
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gives a
pair of anti-phase
outputs when driven
from a single-ended
input signal. Q 1 and
Q2 share a common
emitter resistor (the
"tail"), and the circuit
bias point is set via
RVI so that the two
transistors pass near­
identical collector
currents (giving zero
difference between
the two collector volt-

Out
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1k8R1
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Figure 23. Simple differential amplifier
or long-tailed pair.
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Figure 2 I . Wide-band cascade
amplifier.

ages) under quiescent conditions.
Ql base is AC-grounded via Cl , and AC-input signals
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Classified ads work! Call today!

Ads to be typeset by Nuts & Volts must be received by the
closing date. Supplied ads must be received by the artwork due date.

Call the office at 909-371-8497 or email dassads@nutsvolts.com

for dosing dates . available s izes, and special prepay d iscount offers.

Programmers

5129/ea
Z.4 GHz Power Amplifier,
Power Supply Inc luded.
1 0~ mW Input, 1 W Outp ut,
Size : Approx 2" X 2" X 3/4"

Components

www.litexpo.com
LED Moving Sign

Amateur Radio

We Tcem t
In kitfQrm:

-Programmable via PC
RS-232 or IR Remote
Controller

. -lndoor/OutdoorNVindow

. r"':"""' l Vers ions available
• -RedlBluelWhite Mono

and Mulli-Color
-Buill-in Graphics
-25-41 Display Options

as low as -Windows Software .
$ 169/ea RS-232 Cable . IR

Remote and Power
Supply included

(800)719-9605 s a les@ litexpo.com

Electronic Components

for all your projects

www.homenetsales.net

No order too small!

Designed for the hobbyist!

LOGICBOARDS' POWERBOARD
Designed for the BASIC Stamp 2SX:

128K EEPROM. date/time, serial .
digital temp . LCD. expansion port.
power regulator. AID. relay control.

Bareboard, kits . add-ens for caller 10.
video overlay. relay mat r ix. more.
For deta ils visit our web site at
www.logicboards.com

NIGHTFIRE HEGRONIC 'KITS
www.vakits.com

• ICs • Resistors • Caps
• Transistors • Inductors

Cable TV

WANTED:

1-866-601-1238

- CONVERTERS ­

8 590.860 0 . DPV7. DPBB.
CFT20 14. $15 each.

TEMBER 2003

IGITAL CABLETV FILTER

w. no RlM.AII units are power­
• excellent shape. minimum 10
t, no d esc rambl e rs. C o nve rte r
rts, accessories. data crystals.
call for others not listed.

' Parts ' Supplies -How-to Videos
Tools -Batt eries -Adapte rs -Service

Documents ·Message Board .
·Unks to Collectors. & More

ABC WHOLESALERS, INC.
Importer & distributors of the

ult itech 4S00 & SOOO series 125 ch.
new basic converter.

REE UPS GROUND SHIPPING ON
ALL MODELS

I of the following basic converters
ome w/new remotes & lots of 10

SA 8580 $19 ea. • SA 8600 $25 ea.
er. DPV 7212 $15 ea. • Jer. BB 73 12
$2 S ea. • Jer. CFT 2014 $2S ea.

• Jer. 2254 • Pio 6310
For large quantities please call for

pricing.We have all models
replacement remotes.

Se habla espano/.
all us toll fre e 1·800-5 I0- 1924.

FOR HISTORICAL MUSEUM
pre- 1980 microcompu ters.

magazines. and sales literature .

Flo yd .VA 24091-0341.

40-763-331 1 ·540-745-2322

'he resource for collectors 0'
Yintale (50s &. 60s) electronics:

www. C hildhoodRad ios.com

CLASSIFIED ADVERTISING
50 Per Inch - No extra charge for color. (Limited time offer)

Classified ads must be paid in full prior to the closing date.
sa/MOAmex accepted. Payment for ads received after the closing

ate will be placed in the following issue at our discretion. Minimum
harge is one inch with half-inch increments. No proofs will be sent.

ust now available!! Latest 2003
odel technology. Signal booster.
PPV tester. int e rfe re nce filter.

W ho lesa le pr ice s. C all for info or
flyer. 412-833-0773

Antique Electronics
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CLASSIFIEDS
Security Connectors Wire/Cable

UCANDO VCR Educational Products Co.
(Est. 1988)

wmv.UCANDO·CORP.COM

1-800-678-6113

FREE SHIPPING!

Basic Electronics
Digita l Electronics

Relay Control
Servo Controllers

PLC Systems
Hydraulic Systems

From Basic to Advanced!

Affordable Robotics
Training Courses in:

Education

MIL-Spec Coax Available (Teflon, PVC IIA)
New Prod uct Belden 99 13F, 9913 with

High Density PE Foam dielectric,
stranded center condoand Duobond
III Jacket $0.80/ft or $76.00/100ft

Also N ew: 9092, RG8X wit hType II Jackel
Intro Price $23.001I000

Call for Specials of the Month
Full Line of Audio Connectors for Icom,
Kenwood , and Yaesu
8 Pin Mike Female $2.50
8 Pin Mike Male Panel $2.50
13 Pin DIN for Kenwoo d $2.75
8 Pin DIN for Ieom $1.00
8 Pin DIN for Kenwood $ 1.50

Prices Do Not Indude Shipping
Orders 800·783·2666
Info 301 ·840-5477
FAX 301-869·3680

905-820-8020

ANAHEIM WIRE PRODUCTS

See US on the Webl
at WWW.vlk lnglnt.com

12·HRTELE·RECORDER
• Fully aut omatic
• Amazing sound
• 2·Year warranty

On ly $69
Cali Vakis at:

• Heavy duly rcmmerdel recorder ­
NOTimprovisedfrom tonsemer models

. 12,14and 16hourmodels also available
• BUILT·IN vai,eadivalion(addSJO)

• Appli,ations information induded
• Dimensions: 11 .5 x7.5 x2.75 COOs OK

Sorr y. no credit cards
Free . hi p p i ng on p r e p . i d orders y,rlthin t he contig u o us 48 at.te.

Vik ing Systems International P.O. BOX 766 Brhb,"t . CA 9400~

Ph one: (·U S) -167-1220 Fax : (.US) 467-1221 'Smce 1971"

Nuestro sltto d e Web ta m bltm lIene una version en espan a l .

SEPTEMBER 2003

M anufact ur er and distributor of
electrical and electronic wire

and cable since 1973.
ITEMS AVA ILABLE FROM OUR STOCK:

Hook up wire. Shrink tubing .
Cable ties. Connectors.

W ire cut & strip to specs .
If interested, please call

1-800-6 26·7540
FAJ<: 7 14· 563·8309
See us on the Internet

www.anaheimwire.com or
email : info @ anahei m w ire.co m

V isalMClAmex.

Telephone/Recorders

:~g The RF Connection
, ~ 213 N . Frederick Ave., Ste, I I NV

f Gaithersburg, MD USA 20877
~ http://www.therfc.com/

Complete Select io n ofMIL-Spec Coax,
RF Connectors and Relays

UG-21 BlU N Male for RG-213/214 .$5.00
UG-2 1DIU N Male for RG-213/2 14.$3.25
N Connectors for 99 13/Flexi4X U9096
UG-2 1B!9913 .....$6.00 I Pins Only......$ 1.50
UG-2 1D/9913 ..$4.00 I Extra Gaskel$0.75
Am phenoI83-I SP- 1050 PL-259 $0.90
UG-176/U Reducer RG-59/8X. $0.25

or 5/$ 1.00
UG-175/U Reducer RG-58/58A,$0.25

or 5/$1.00
Silver Teflon PL-259/Gold Pin, $1.00

or 101$9.00

AX-808 BNV Camera
113" CCO, 400 lVL,
0.01lux $l29/ea
AX-808C Color Camera
113" CCO. 380 TVL,
0.05Lux $159/oa

Card-Reader

(800)719-9605 sales@matco .com

www.mateo.eom
Camera Power Distribu tion Box

XF·250De $59/ea
9Ch,12VDC
Regulated
Current: O.5Nch

XF·250AC $49/ea
9Ch, 24 VAC
Talai Current 4A

www.matco.eom

Computer
Hardware Wanted

Size: 8"(W) X 9"(H) X 3.5"(0)

(800)719-9605 sales@matco.com

DEC EQUIPMENT
WANTED!!!

Digital Equipment Corp.
and compatibles.
Buy - Sell - Trade

CALL K EYWAYS 937 ·847-2300
or email buyer@keyways.com

Underwater OaylNight Camera

Built-i n /R LEDs
wItI> 10 flcable

www.mateo.eom
Miniature CMOS Camera

CML·l00/CMP·l0l
114' CMOS, 380 TVL..
3 LuxJr2.0, 3.615.5mm Lena
Size: Lens : 15 X 11 X 27 mm

Plnhol . : 11 X 15 X 18 nvn

BIW. $29/ea Color:$39/ea (w,rnAudIO)
lenslPinhole Board Camera

CNL·l00/CNP·l00
113' CCD, 3301420 TVL..
0.15 LuxJf1 .2, 3.7 mm Lens
Size: 32 X 32 mm

BIW.$45/ea
e-: $99/sa (Wirh AudIO)

(800)719·9605 saleS@matco.com

www.kadtronix.com

SEHSrtlVITY e VERYHtGH
2.4 GHz bugs cMtKted at 30+ '""

BROADBAND . 1' MHz • e.sGHz
Iiol:forct.tecting2.• • t .2. 0 .'GI1a~

3 DETECTlON MODES
L1NEAA·for -.. deIectlon frvm o dif;_
lOG .Toplnpolntlhe~

MIO .To~lhl'OU\lll ... uttlpIe~"" ""'___

SILENT VIBRATOR
F....c_ de lKt lon of.......rt devlcn

"'NfI<l.OGMETER & LED DISPLAYS
~& ..._ .,._,.;th........._"ll.

$270 "'-'. !!R...-!....

www.mateo.eom

SELECTABLE ANTENNA OPTIONS
• SMA COAXlAL INPUT · f .... h1g'lly dlrKtlonal -.nnn

PINPOINT BUG LOCATION FROM THE DOOR
• 2 FIX£DINTERNAL ANTENNAS•~ _J uatmenb Meded

lW co. ~~.~!-::=-_
tJ~5i~~~rQ l.S~!~~=:.~5%_1

WWW.ZAPCHECKER.COM

www.mateo.eom

Security DVR Card

DVRC-XP4

www.matco.com
Color Mini Pinhole Camera

BX·123LCIPC $69/ea
SONY 113" CCO, twirl! AudIO)

380 TVL, 0.1 LuxJl2.0,
3.6mm Lens
Size: 0.9" X 0.9" X 0.5"

Color LensIPinhole Box Camera
BX·2QOLCIBX·200PC

SONY 1/3" CCO,
380lVL,
0.5 LuxJf2.0,

$109/ea (wirl! AudIO) 3.6 mm lens,

Super Hi-Res Color Lens Box Camera
BX·130LC-HR
SONY 113" CCO,
470TVL,
0.4 luxJf2.0,
3.6 mm lens

sales@matco .com

SWEEP'" ROOM FROM THE DOOR
ZAP CHECKER MODEL 270
IloIUIlODl~"NDl""~II~ILL.tll'tC:.""I11tU_'"

~(\t~'1

:J\~\l. \

• 301401601120 FPS
• Resolutio n: 640 X 480
• 4 BNC Video in
• NTSCIPAUSECAM
• SimultaneousRecordirlg $440

(800)719·9605 sales@matco.com

• 15120130160 FPS
• Resolution: 640 X 480
• 4 BNC Video in
• NTSCIPAUSECAM ,
• Simutaneous Recording

ut

!:i
~
loIS .4 Head
jut • Remote Control
11- . DC Power Supply $ 2801:) . Small SizeIF'''''' "0=_



S atellite TV

CLASS IF IEDS
A\iscellaneous Electronics for Sale

Design/Engineering Services

Roboti cs

~
~Skyvision'

. FREE SATELLITE
~ i TV Buye r's Gu ide.

BIG Dishes-BIG
Deals ! Get the MOST free and
s ubsc ription ch ann els with C­
band digital upg rade! Get high

speed Internet on your big dish !
SKYVISION 800-334-6455.

Int'1 2 18-739-523
www.skyvlsion.com

UPGRADE YOUR
CfKU-BAND

SATELLITE SYSTEMS
I can help you.

John Horvath @ Minaret Radio
PH: 909-943-3676

FAX: 909-943-2606

AREYOU PAYING TOO
MUCH FOR PROTOTYPES?

Print & Etch Prototype PC Board
& Photo Etch Special

Double or single sided PCB .40 cents
per square inch.Copper photo etching

.20 cents per square inch
(Additional fees for photo plot and artwork]

-Industrial Photo Etching
-Custom Ornamental Etching
-PCB Manufacture & Des ign

-Quick Turns

Channel Island Circuits
www.channelislandcircuits.com
Phone (toll free) 877-760-8800

Fax 805-967-0423
cic@impulse.net

Inventor S ervices

Have an Idea?
Protect it now make SSlater

Get Patent-PendingProtection
from $49.99. Patent. Searching.
Invention Development Services.

Ca ll l-888-89-PATENTS
www.BayAreaIP.com

for FREE DO-IT-YOURSELF KIT
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SURPLUS & REFURBISHED

ELECTRONIC EQUIPMENT

PARTS & ACCESSORIES

Over 4.000 items in stock.

SMC ELECTRONICS

www.smcelectronics.com

LIQUIDATION: Car speakers $6.
tweeters $1. 10" woofers $12,
speaker parts, UPS batteries $8,

Randallguitar amps $20,JBL car amps
$35, L.pads $2, magnifier lamps $35.

ISE 888-35 I-S S SO
WWW.ISESURPLUS.COM

ONE PAS, INC.
www.onepasinc.com

N\isc. Electronics
Wanted

Wanted: Balancing machines &
vibration analyzing equ ipment
manufactured by the following:
' Spectral Dynamics ' Hofmann

'Be ntley Nevada 'Schenck ' IRD
Mechanalysis -Glshon

Contact Mike Park at E.T.
Balancing, 12823 Athens Way.

Los Angeles. CA 9006 1
310-538-9738

FAX: 310-538-8273

Aviation Electronics

KINGSLEY HOTSTAMP
foil machines for imprintingleather,

etc., and electrical wire marking.
Manual or automatic machines

and type available.

Call 760-749-0239
bjnash@n2.net

•Converters
• Repeaters
• Fiber Optics
• Digital I/O
• MultidropRS232
• CustomUnits
•Auto TX Enable

ExtensiveInterface ProductLine
RS232"Extension Cords"

Up to 115.2 Kbps, 4000 ft. ++
Large Multidrop Networks.
Isolated Units. SmartUnits

Remote Relay"Extension Cords"

Call the RS485 Wizards at
( 513) 874 -4796

GOTSTRABor
• This revolutionary new tool

makes practical robot navigation
poss ible and as simple as making

a call to a web server.
• Need a drink from the fridge?

Just ask Strabo how to get there
and have your robot follow the

directi ons it returns.
• Strabo Pathfinder acce pts

wireless requests via HTTP to
request routing instructions.Any
robot that can make HTTP calls

can use Strabo Pathfinder.
• Build a map and let your robot

go wild!
• Learn more about Strabo
Pathfinder at wehali.com

Dual Motor Stepper
Controller Boards
'Prices start at $40.00

'One or. two motors controlled at
a time

-Bipolar and Unipolar
'Se r ial ana TTL control

·Microstepping supported
'Parallax Stamp compat ible

Toll Free: 877·230·5270
www.stepperboard.com

Peter Norberg Consulting. Inc .

Printer Supplies

Hard-to-find Printer Ribbons

Ink Jet Refills

Ink Jet Cartridges

At discount prices.

Write for price list or check out
our web page.

H.T. Orr· Computer Supplies
249 Juanita Way

Placentia CA 92870-2216
Phone toll free : 1·800-377-2023

Local : 714-528-9822
FAJ(:714-993·6216

E-mail : Htorr@aol.com

h.P"""~.'d"phl,.""""",,;;I I



Micro Memories
How The DVD Was Won

T he laser disc was first demon­
strated to the public in the
early 1970s by MCA and

Phillips, and first went on sale in
1978. Thoroughly beaten in sales
by the VCR - which had a far inferi­
or picture, but could record - by
the mid-1980s it was looking
doomed, likely to only be remem­
bered as the stepping-stone to the
compact disc.

Then something quietly hap­
pened to help turn around its for­
tunes. In 1984, a man named Bob
Stein bought the laser disc rights to
two venerable, but classic films
("Citizen Kane" and "K ing Kong ").
Then he hooked up with Jonathan
Turrell and Bill Becker, the two men
who founded Janus Films (a distrib­
utor of classic and offbeat films to art
houses and revival theaters) with the
hope of releasing their content on
laser disc. But not the same kind of
featureless laser discs the big studios

A sampling of Criterion laser discs from
the mid-1980s to the early I990s.The
heavy clear plastic sleeves were sold by

numerous laser disc retailers, to help their
customers protect their expensive discs.

78

were then churning out for the tiny
laser disc market.

Stein, described by Wired's Amy
Virshup as a sort of techno-Maoist,
said in 1980, while he was support­
ing himself as a waiter, "1 realized
that fundamental change - as in rev­
olution - was a long way off, and I
couldn't wait that long ."

Visits to the public library turned
up articles about the media lab at
MIT, which was experimenting with
additional capabilities of laser discs
beyond simply displaying pre-record­
ed images. "I read until I got interest­
ed in something. And I got interested
in this."

Naming themselves after the
NASA probe, Stein and the Janus
partners formed The Voyager
Company to distribute interactive
laser discs (and later CD-ROMs), and
labeled their classic films division
The Criterion Collection.

Putting The Disc
To Work

What interested Stein was that
the laser disc had several things
going for it that were rarely taken
advantage of by mainstream
Hollywood studios. Its original CAV
format could display 24 frames a
second, meaning that a film could be
stopped and each frame individually
examined.

Also, because laser discs origi­
nally had a stereo analog audio
track, and later , a stereo digital audio
track in addition to the analog track,
there were multiple audio tracks
available on the disc. The theory was
that while most new laser disc play-

ers could play digital and analog
tracks , the discs would have both
sets of tracks, in case it was pur­
chased by someone who had an
older player.

But there was nothing that said
they had to. Those analog tracks
could hold an optional audio com­
mentary - heck, they could hold
two audio commentaries, as there's
little need for stereo when the track
consists of one voice talking about a
movie.

And finally, the discs could be
chapter encoded, meaning that it
would be possible to click to certain
spots on the disc, either during the
movie, or in the ancillary material
after the film.

Ironically, many, if not most
mainstream films on laser disc didn 't
even bother with chapter encoding.
Their makers assumed the viewers
would watch these discs like they
would a video tape - pop it in, press
play, veg out.

But thanks to Stein's efforts, sud­
denly the laser disc had a new lease
on life as a vehicle for film buffs and
scholars to study a film that was as
close as television could get to cellu­
loid in a projector. In a way, it was
even better. Taking advantage of a
far more flexible medium, Criterion
discs started having all sorts of
ancillary features , including trailers,
documentaries, still photos, audio
commentary, photos from a film's
marketing campaign, and seeming­
ly anything else Criterion could find
about a movie.

Douglas Pratt, who began writ­
ing The Las er Disc NewsLetter (now
the DVD-La ser Disc NewsLetter,
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Amazing Devices

C ir cl e #1 51 on the Reader S ervice Card. 79

10,000 feet plus - Full 5 mw. A real
beauty!!
LAPNGR5 Ready to use...$129 .95

Ion Ray Guns
Potential .~••IIIY1~
concept for
the ultimate weapon of the
future. Produces force fields ,
induces shocks and other weird
effects.
IOG9 Plans $10.00
IOG9K Kit $129.95
IOG90 Assembled $199.95

Laser Window Bounce
Receiver and
laser illuminator
modules for
building a listening device.
LWB9 Plans complete system. $20.00

Infra Red Laser Module
CWL1K Kit $199.95
CWL10Assembled $299.95

Optical Receiver with Voice Filte r
LLR4K Kit. $149.95
LLR40 Assembled $199.95

Anti Gravity Projects
All new mini 35 kv 1.5
ma adjustab le output
power supply with
instructions on making
a simpl e craft.
GRA1 K Kit $59.95
GRA10 Assembied $99.95

Green Lasers Pointers
with Coliminator

www.amazing1.com

~ . -- ,

Electrokinetic Guns
Fires an actual
projectile using a
magnetic pulse. Advanced
project must be used with
caution. Battery powered.
EML3 Plans $8.00
EML3K Kit $59.95

Information Unlimited
Box 716, Amherst , NH 03031 USA

Orders : 1-800-221-1705
Fax: 1-603-672-5406

Email: riannini@metro2000.net
Catalog $2.00

Letterboxing Comes
To Lasers

ter to chapter, "The laser disc was lin­
ear," Arosteguy says, "So you had to
be a little bit more creative , if you
were presenting a multimedia essay.
You didn 't have as many program­
ming options, as you obv iously do
now with DVD."

Because all of Criterion 's design
work was done in-house, their premi­
um laser discs carried a premium
price - $99.95 and even $124.95 price
tags were common on many of their
titles , whereas most other laser discs
were in the $39.95 ballpark.

Today, a Criter ion DVD is about
$10.00 to $15.00 more than a typi­
cal studio DVD. It' s st ill premium,
but obviously much more afford­
able.

Also unlike today 's DVDs (and
the 16 x 9 TVs to support them), in
the mid-1980s, letterboxed films were
a rare commodity. One of the very
first was Woody Allen's "Manhattan"
- the only fil m Allen has shot to date in
a very widescreen Panavision format,
and he insisted (probably contractua l­
ly) that MGM release the film on lase r
disc with a letterboxed picture . Soon
after, Arostegu y says, Criterion's "first
letterboxed featu re was "Invasion of
the Body Snatchers," and we were the
first company to commit to presenting

The four disc Lawrence ofArabia set from
1989, complete with a booklet on the film's
restoration process. Releasing th is t itle in

laser disc's original CAY format allowed for
30 minutes per side, hence the number of
discs necessary to hold such a long movie.

www.dvdlaser.com) in the mid­
1980s, told me , "What you really saw
with Criterion 's "Citizen Kane" and
"King Kong" were people who loved
movies and who understood th e
potential of the laser disc medium,
seizing it as soon as they could get
their hands on it and exploring what
the interac tive potentials co uld be .
The "Citizen Ka ne " laser disc was
the 'Citizen Kane' of laser discs. It
had th is boyish sense of innovation
and enthusias m for pushing the lim­
its of its medium , and it pretty much
defined what a 'collector's ed ition ' of
a motion picture could provide to
enhance a co llector's appreciation of
a film."

By creating a laser disc with both
a movie and many of the same ele­
ments that a film historian's "ma king
of' book would have , but in an inter­
active, audio/video format, Criterion
ha d just answered the question ,
"Why should I buy a laser disc play­
er? It can't record!" Oh yeah - well,
it can do this .

Assembling The
Elements

Susan Arosteguy, a producer at
Criterion (www.cr it e r io n co .co m)
told me that while Crite rion and
Voyage r used Apple and Photoshop
from the get-go, getting the image
into the actual laser disc didn 't always
use bleeding edge technology. "A lot
of that stuff - the rea lly ea rly video
graphic design was actually printed
out and photographed in 35mm and
tele cined back to video . We had these
crazy Nikon cameras that loaded
35mm movie film, and a lot of the still
frame supplements that we had back
then we would actually put on a copy
stand and photograph them individu­
ally frame by fra m e, develop it,
telecine it, and lay it back to video,
and then we would use that video in
ou r master. Obviously, now it's really
easy - that stuff doesn't happen too
much anymore."

Part of the challenge for Criterion
was that un like today's DVDs, with
their seamless branching from chap-
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Micro Memories

films letterboxed and in their original as pect ratios."
Pete r Becker, the cu rrent director of the Criterion

Collection (and the son of Bill Becker, th e co-founder of
Janus Films), told Todd Doogan of The Digital Bits web
site (www.digitalbits.com) that when Criterion released
"Body Sn at chers," "letters poured in from people saying,
'I think my disc is de fective, I ca n only see a third of the pic­
tu re.' It's amus ing now, but lette rboxing was something
that people said the public will never ever buy - they don 't
wan t the picture smaller on thei r televis ion set , they want­
ed the picture bigger. The y want to see the faces . And
there are still people who feel that way."

In co nt ras t, Bec ker adds, Criterion felt that it was
im port ant "right from the beg inning, to ma ke a commit-

Do you remember the nights you
laid awake asking yourself

"What ever happened to the CueCats?"
It's Simple

\Ne
Got'EM!!

CueWho?? CueCat a Simple
Low Cost Barcode Scanner

Keyboard or USB Interface

Electro Mavin 42 years of Bargains,
Quality, and Customer Satisfaction
800-421-2442 or FAX 310-632-9867

E-Mail john@mavin.com

http://lNlNlN.mavin.com
We Buy New Unused Technical Product ,
Mil itary and RF Connectors Our Specialty

ment to presenting films as filmmakers wanted them seen,
and that meant respecting thei r framing. And it meant
respecting the composition that they had established in
the first place ."

Doug Pratt says that in 1997, "when DVDs enabled
interactive home video to reach the mass market, all of
the home video companies were able to hit the ground
run ning , us ing what they had initia lly learned from
Criterion .

The home video companies themselves are filled with
people who like movies and are att racted to collectors' edi­
tions, and there is a ce rta in amount of vanity appeal for
the filmmakers themselves that encourages them to partic­
ipate in creating the programming. And when aspects of
these expanded featu res caught on with the mass market
- particularly the inclusion of deleted scenes - it helped to
def ine home video as being the true end product of the
production of a mo tion picture." The mov ie companies
themselves also took advantage of this change, shooting
behind-the-scenes footage specifically for inclusion - first
in laser discs and later in DVDs - something that would
have been unheard of for a simple re-heated VHS leftover
of a movie.

The employees of the Criterion liked what they saw
when their or iginal laser disc of "Citizen Kane " was com­
pleted in 1984, but they obviously had no idea they had
just invented the basic format for how mov ies would be
presented on DVD - a format which wouldn't be born until
13 yea rs later.

Toda y, we expect that when we buy a $24.95 DVD, it
will have a variety of bonus and documentary materials on
it. But in the mid-1980s, th is was new and revolutionary
stuff. Ste in, the techno-Maoist, had just spearheaded his
techno-revolution, and unlike the real Mao, it was a blood­
less one at that. NV
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low voltage side of the power distribu­
tion/interlock monitoring section.
The power ON indicator D1 will illumi­
nate, showing the presence of AC
power. The 18VAC power is rectified
by the diode bridge BR1, and filtered
by capacitor C1 to give a rough
24VDC. Since there is nothing critical
about the voltage in this part of the
circuit, regulation of the raw 24VDC is
not required.

In this circu it, the status of the
safety interlocks is checked, and indi­
cator LEDs on the front panel show
the state of readiness of the system.
At this point, with the keyswitch in the
OFF position as shown, the water
flow switch will be open, Q1 will have
no base drive, and its collector will be
up around 24V, so the flow indicator
lamp D5 will be illuminated, indicat­
ing a lack of water flow.

If any panels are removed from
the power supply cabinet, switches
Sw5-Sw7 will open, and another indi­
cator lamp D7, will illuminate show­
ing this fault. In this schematic, an
illuminated LED indicates a fault in
the particular area indicated .
Presumably, at this stage the water
over temperature indicator D6, will be
off since the system is starting from
cold. If the water were hot enough to
trip the over temperature switch, then
Sw8 would be open, allowing D6 to
illuminate.

Resistors R8 and R9 are chosen
so that in the event of an open switch
in the Sw5-Sw8 string, the bias volt­
age on transistor Q2 is too low to
allow collector/emitter conduction,
and therefore K2 will not be ener­
gized, shutting off the high voltage
supply. If the power supply drops out
due to an over temperature water
condition, the pump should remain

Temperature switch

Water control and
interlock circuit

The main power supply schemat­
ic includes the water monitoring, safe­
ty interlocks and power distribution,
and is shown in Figure 28-1. The
start-up sequence for the laser is as
follows:

Turning on the main circuit
breaker CB1 supplies power to trans­
former Tl. T1 provides 18VAC for the

voltage capacitors, then serious
damage to the suppLy will result, as
weLL as anything eLse that may be
attached to the suppLy. It is a very
pouieriul suppLy, and shouLd be
built carefuLLy, with regard for safe­
ty being the top priority. There will
be a number of safety interLocks
built into the power suppLy and
Laser rail, and these devices must
be incorporated to ensure safe oper­
ation of the Laser. DO NOT OMIT OR
BYPASS ANY OF THESE INTER·
LOCKS!! Neither the author nor
this magazine can be heLd responsi­
bLe for your actions, so pLease be
cereful and act responsibLy.

Figure 28-3. Water
over temp switch
mounting scheme.

Warning Warning Warning

L
ast month, I started to describe
the water cooling system for the
Cr:Ruby laser project. In this

issue, we will look at the control elec­
tronics for the water system and start
to work on the laser power supply.

Again, I must emphasize that
without water cooling, the laser will
have serious drawbacks. It can still do
useful work, but less of it, and at a
slower rate .

I must repeat the warning I gave
earlier about this laser:

Laser Insight
Construction of the Cr:Ruby laser continues

The Laser to be described is
dangerous. The power suppLy is
capabLe of producing lethal volt­
ages, and at very high puLsed-cur­
rent capacity. This is a serious Laser
and shouLd onLy be undertaken by
those persons who will take it seri­
ousLy. The capacitors used in the
suppLy will retain a high voltage
charge for a Long time, and must be
compLeteLy discharged before any
work is done inside the unit. If a
short circuit occurs during the
charge or discharge of the high
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Laser Insight

#376-1008-ND) and LED (D2) are
merely an indicator that the water
level is above or below a prede ter­
mined point. The kind of switch to
use is one th at is rever sible . That is
to sa y, the sense of the switch may
be changed so that the switch makes
(or breaks) as the level falls. In our
schematic, we need the switch to
make when the water gets too low.
This switch will not cause any inter­
ruption of power supply op eration . I
may have mentioned before that a
top mounting , float-type level sensor
is preferred over a side mounting
device, simply because it eliminates
any sources of water leakage.

The series of switches labeled
Sw5-Sw7 are cabinet interlocks, and
are fixed to the frame of the power
supply cabinet to prevent operation
of the supply with the covers
removed. Three switches are shown
to cover the two side panels and the
top cover. These switches can be
overridden for setting up purpose s
only, but must always be operated
normally when the laser is on an d
the covers attached.

If any of the side panels or cov­
ers of the power supply are opened
during operation , you must shut
down the supply. The Cente r for
Devices and Radiological Health
(CDRH) has some very stringent
rules regarding the use of laser
equipment, and pa rticularly in
regard to safety. If you intend to use
this laser for anything other than
pure hobbyist or research ac tivities ,
you would be well advised to read
through the CDRH literatur e. You ca n
get a copy of the relevant material
through Kentek , or from the CDRH
website at www.fda.gov/cdrh/
co m p/Ind e x.ht m l. Look for compli­
ance and safety information.

A pair of connections has been
brought out to an external connector
(J 1) in series with the safety shutter,
and mounted on the rear of the
power supply ca binet . This connec­
tor is used as an external door inte r­
lock to close the laser safety shutter
to prevent the laser from firing if any­
one enters the room without proper
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ed in any event, as

Pump start push button removal of the key
(momentary contact) rules out any possi­

bility of unautho­
rized use of the
laser. (Remember,
kids are very inquisi­
tive, and these days ,
very smart too!) If
the alternative
approach is used,
then diode D3 may
be elim inated, as
shown in Figure
28-2. The remain-

der of th e circuit is unc hanged. Note
the position of the flow switch is
always across the momentary start
switch.

Turning the keyswitch now to the
PUMP START po sition (or pressing
the pu mp start button) will start the
water pump. If we assume this is the
first start-up sequence, and there is
water in the tank, water will be pushed
through the las er head, heat exchang­
er, and DI filter and return to the tank.

Initially, there will be a lot of a ir
in the system, and it will be heard
bubbling in the tank. Note that the
water flow switch is wired parallel to
the sta rt switch. When the pump is
first started , there is too much air in
the system to maintain closure of the
water flow switch. If the keyswitch is
allowed to return to the center posi­
tion , the flow switch may not yet be
making reliable contact, and so it
may not latch Q 1 properly.

When all the air is out of the
hoses and laser head, then the flow
switc h sho uld maintain the pump
operation when the key is returned to
the center position (or the start but­
ton released). Thus, if flow is reduced
by an obstruction in the water line or
a kinke d hose, the flow switch will
open, shutting off the power supply
and water pump. Also , if a water
hose bursts or detaches itse lf from
the las er head (don't laugh, it hap­
pen s!), then the flow switch will open
ag ain, shutting off the pump. If the
pu m p power is removed, then so is
the las er HV supply power.

The level switch (Swl Digi-Key

RS

09

~/
SW3 1 p'

SPST keyswitch

running in an effort to reduce the
temperature of the laser head com­
po nents. Diode D9 provides addition­
a l bias to the base/emitter junction
of Q2 , ensuring that th is trans isto r
turns fully off in the event of a fau lt
condition.

With the keyswitch in th e OF F
position , power is only sup plied to
the unregulated 24VDC supply, used
in the interlock circu it as de sc ribed
above. The powe r supply control
electronics a re fed from a section of
the keyswitch, through an on-boa rd
regulator on the control board, and
not shown here.

Turning the keyswitch to th e
center position (ON) applies power
to the las er power supply control
elect ronics. At this point, the pump is
still not run ning and the high voltage
charging circu it is not under power.
The ce nte r position of the switch thu s
a llows ch ec king the control circuit
without tu rning on the high voltage.

A word now on the keyswitch.
This switch is chosen for a spring
return in the START/RUN position,
like an automobile ignition switch.
When water is flowing , the flow
switch closes and effectively pro­
vides a parallel current path to hold
the start relay (K1) in when the
keyswitch is released back to the
center position . If the spring-loaded
keyswitch cannot be found, then a
single-pole keyswitch may be substi­
tuted for the Off/On position, and a
momen tary pushbutton used for the
pump sta rt.

Use of a keyswitch is recommend-
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Flow direction

Figure 28-4. D I filter
restrictor method.

Hose clamps
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JI - Exte rnal doo r interlock (optional)

SW I - Water level switch
SW2 - Pump start keyswitch
SW3 - Water flow switch
SW4 - HV on/off push button
SWS. 6, 7 - Power supply enclosure safety
switches
SW8 - Water over temp switch
SW9 - Shutter switch

Switch and LED Functions

D I - Power on indicator
D2 - Water level indicator
DS - Water flow indicato r
D6 - Water over temp indicato r
D7 - Doo rs open indicator
D I I - Shutter status indicator

Figure 28-1. Power
distribution and Inte rlock circuit .

Flexible hose
(teed fro m return line)

close when wate r flow is greater than
about 1/2 gal /min. These flow switch­
es are directional and usually have
the flow direction indicated on the
body, so take care to insert it proper­
ly in the circu it. These are available
from Digi-Key - the one gallon /min
part number is 376-1106-ND.

The water over temperature
switch is a surface-mounting type ,
and should be mounted to a so lid
block or plate for best heat transfer.
Get a switch that resets itself after
cooling down . Use heatsink com­
pound between the switch and plate.
See Figure 28-3 for the mou nting
method I have used successfully
many times. In this assembly, the

II0VACto
HVcircuit

R9

R8
R5 SW7

D5
~

110 VAC to
wate r pump

Rest r icto r

preferably dou ble that value. As I
mentioned before , we don 't need a
whole lot of water flow, and a
small/medium aquarium pump
should be able to ha ndle th is task.
About on e ga llon pe r minute should
be enough for this laser.

The relay used for the power sup­
ply should be somewhat bigge r as the
charging cu rrent will be qu ite high at
the start of cha rge . The relay shown
in the schematic (Figure 28-1) is a
slave relay used to pull in a larger
co nta ctor. This larger relay is not
shown in this schematic, and will be
includ ed in the power supply section.

The wate r flow switch should be
selected to normally be open, and to

Hose nipple
on filter case

r----24 VDC to power control circuit

Notes on some of
the components

E-r-H---"--~-----<"--1_'-----_...l--l-4--H---_...l-...l--++---L_-

Off

~-an
SW2 ' Pump

Positions Start

There are some specia l compo­
nents used in th is project, and th ere
are some parts you probably have
not had call to use befor e. The
keyswitch is one item likely to give
you a headache trying to find. The
reason this may be difficult is
because of the spring return from the
third position back to the second
position - like an auto ignition
switch. I found some at a local sur­
plus store here in Orlando, FL, but
you should be able to get them at
Digi-Key o r other outlets.
Alternatively, you can use the option­
al scheme mentioned else where in
this article, and shown in Figure 28-2.

The relay used to turn on the
water pu mp can be fairly small,
depending on you r pump. Just make
sure the contacts are rated for at leas t
the current draw of your motor, and

authorization.
If the exte rnal door is left open,

the laser will not fire. If not used , a
shorting plug may be inser ted into
the connector with a jumper wire
across the two pins. This interlock
only acts on the shutter, and doe s not
cause an y pa rt of the supply to sh ut
down. This is obviously a dangerous
powe r supply, requiring an equally
obvious approach to ma inta ining
safety.
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PARTS LIST
Power distribution and

interlock circuit

RI , 2, 3 - 2.2k
R4- 120
Rs, 6, 7 - 2.2k
R8-lk
R9 -120
RIO - See text
RII - 2.2k

C I - I,OOOuF/ sOV
C2 - I,OOOuF/sOV
C3 - See text

01 - Red LED
02 - Yellow LED
D3 - IN4001
04,8,10- IN4007
OS, 6, 7 - Yellow LED
09 - IN4001
011- Red LED

BRI - Diode bridge IOOPIV/ IA

TI - 120118VAC IA
KI, 2 - 24VOC relay OPOT contacts

rated 120VAC/sA
K3 - Shutter solenoid (Ledex rotary

solenoid, 12-24VOC)

CB I - Circuit breaker 120VAC/20A front
panel mounting

SW I - Water level switch
SW2 - Three-position rotary switch,

spring biased (or optional switch
scheme, see text)

SW3 - Water flow switch
SW4 - HV on/off toggle push button
SWS, 6, 7 - Frame interlock switches
SW8 - Water over temperature

switch (100 °-I 10°F max)
SW9 - Shutter control toggle switch

Figure 28-5.
Suggested
cabinet layout.

Water pump
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tube is stainless steel and the half
blocks aluminum. Drill a hole
through the half blocks as shown,
making the hole the same diameter
as the tube. Clamp the half blocks
together with a thin spacer between
them as you drill. This way, you 'll be
su re the two halves align properly
and the spacer ensures that the
blocks can be clamped tightly
around the stainless tube for good
heat conduction.

The safety shutter can be a
bought item or a homemade device.
For my unit , I had an old rotary sole­
noid (Lucas Ledex device, from the
same surplus store in Orlando, FL)
and I made a light alum inum flag
and simply epoxied the flag to the
shaft. I have shown it connected to
the raw 24VDC line, which was fine
for my power supply, but you 'll have
to adjust the operating point for your
solenoid if it is different.

A good way to do it is to insert a
resistor/capacitor network as shown
in the diagram. In fact , you should do
this even for a 24VDC solenoid. This
is because these solenoids are usual­
ly rated for a low-duty cycle , meaning
they cannot be powered for a long
time without overheating. This is a

Fan

01 filter

~
Front

waste of energy, and could shorten
the lifetime of the solenoid. The resis ­
tor /capacitor combination allows the
solenoid to draw a large initial cur­
rent (through the capacitor) and
drop to a holding current (limited by
the res istor ).

You'll need to figure out what
you need as a limiting resistor by
using a 24-volt DC supply and some
resistors. Apply Ohm's Law to get
your values. Allow the solenoid to
pull in no rmall y and increase the
resistor value until the solenoid does
not quite drop out. This will repre­
sent the lowest holding current for
your solenoid. The value of capaci­
tance will also depend on how much
current is required to pull the sole­
noid in, and again, must be deter­
mined by experiment.

Placement of
components

When you are ready to start
mounting things in the power supply
cabinet , th ink carefully about servic­
ing. Many times I have opened cabi­
nets built by even reputable dealers
and found it almost impossible to
service the system. For example,

Control electronics

High-voltage chassis

Blank panel
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don 't force them into sharp bends
because they will kink after a while
(again, I learned this from experi­
ence!). If you use a heat exchanger
with an integral fan for cooling , make
sure you allow room for air circula­
tion. Some heat exchangers may also
require a second fan to exchange air
within the enclosed cabinet. If this is
so , make sure you have room on the
rear panel to mount the additional fan
(as shown in Figure 28-5) and orient
it so the air blows out from the cabi­
net. This being the case, you'll need
to have some kind of hole or opening
in the bottom of the cabinet to let
fresh air in.

The door interlock switches can
be mounted to the framework of the
cabinet, and wired in series, terminat­
ing in a simple connector that can be
plugged into the main power distribu­
tion and interlock circuit. Next issue,
we'll look at the high voltage section,
the control section, and try to finish
up this project.

If you have questions about th is
column, or ideas for future columns,
you may contact me as always at:
stanley.york@att .net , or through
this magazine. It sometimes takes a
while to answer all my emails, but
bear with me , I will reply. NV

trol and power distribution chassis ,
while the lower one will be reserved
for the high voltage stuff. The lowest
panel shown is just a blank panel
used to close up th e front and hide
the plumbing.

As a reference, I always place the
water tank close to the rear of the
cabinet, and the water pump could
then sit on the base next to it. Water
hoses can be put through holes in the
rear panel close to the bottom. You
should keep all water fittings and
hoses as low as you can. This min i­
mizes any chance that a water leak
(or spray from a pinhole) will drip
onto the HVcables, or perhaps splash
the control electronics (disaster!!).

If you have room inside the cabi­
net, the DI filter could be mounted
next to the tank. DI filters are normal­
ly mounted vertically, and have a pre­
ferred flow direction. Refer to the
instructions that come with your unit.
Don 't forget to install a restrictor in
the input line to the filter though, or
you'll have a real bad, real smelly
mess to clean up if the case ruptures
(I speak from experience here) .
Details about the restrictor placement
are shown in Figure 28-4 .

When plumbing the wate r sys­
tem, allow hoses to loop naturally -
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Remote control fromotherapps, (e.g.

VisualBasic. Substituteshigherpriced

universalprogrammers e.g. ALL-ll

(HILOlor LAB-TDOL-48<AOVANTECH)

Providing virtually matching perfor­

manceat only 1/3-1/5 theprice.

Info. / Orders, call. : 619-702-4420

microcontrollers such as 87/89xxx,

PIC, AVR, ST62, etc'. Lowvoltage
devices downto 1.3V. Noadapter

required for OIL devices. 8 Hrs.

operation onbattery (ACcharger

included), Runs WIN 98,NT,ME,

2000,XP with Hex/Fuse Editor.

Latest generation pocket sized

I ..--':'-::-"l....__ programmer uses ASIC universal

pin drivertechnol09Y. 1900+ device

library, with lifetimefreeupdates.

Programs 8/1o-bit EPROM'S,

EEPRO M's, O-Power RAM, FLASH,

Serial EEPROM's, GAL, PALCE,

you'll need to periodically refill the
water tank with fresh water, and per­
haps once every year or so replace
the DI filter cartridge. You should
make sure, in this case, tha t you can
rem ove the top cover of the tank with­
out disassembling the supply. (I men­
tion this specifically because I did serv­
ice a laser a few years ago that
required the high voltage supply to be
rem oved from th e ca binet before
access to the water tank was possible!)

Also, keep in mind that you will
be de aling with some high voltages ...
make sure to give yourself enough
clearance for installing and removing
HV co nnectors. Remember, too , that
there will be a huge current surge
through the lamp ca bles when the
lamp fires . Give plenty of clearance
for thes e cables, too. They will be fair­
ly big wires with a strong magnetic
field. Also, there will be a high voltage
pulse to trigger the lamp discharge
conducted down this wire.

When you select a cabinet, find
one that allows easy access to the
inside . This will make the installation
of components an d future servicing
much easier. Commercial cabinets
are widely available from many indus­
trial so urces, and some surplus hous­
es . Standa rd 19-inch rack cabinets
cost between $400.00 and $600.00
for this size, if bou ght new. For this
project, a 19-inch cabinet, 24-30 inch­
es de ep and about 30 inches high,
will give plenty of space for the high
voltage components, control unit,
water tank, pump, filter, and heat
exchanger. A suggested layout for
this type of cabinet can be seen in
Figure 28-5.

Get the large items close to the
rear of the cabinet to give yourself as
much room as possi ble up front . The
items drawn may not look like the
ones you get, but the general layout is
what I'm trying to impress here. The
drawer sections off to the side of the
mainframe slide in and out on drawer
slides ma de to fit the ca binet. These
are usually heavy-duty types made
specifically for these frames , not the
type you find at home centers. The
upper unit will be the low voltage con-
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"Where It Is and How to Get It"

Robotics Resources
Batteries for Your 'Bot

Mobile robo ts require a self­
contained power source,
and most robots use a bat­

ter y or battery pack for this purpose.
As common as batteries are , Alkaline
batteries available at the local super­
market are not ideal for use in robot­
ics. Your robot will dra in its batteries
in short order, and you'll have to fre­
quently replace them - a costly
proposition.

For this reason, the ideal robot
power sou rce is the rechargeable bat­
ter y. Two rechargeable batter y tech ­
nolog ies stand out as being easy to
get, and relatively inexpensive. The
olde r nicke l-cadmium (ni-cad) batter­
ies , as well as the newer nickel metal
hydride (NiMH) batteries, are avail­
able at hobby stores, home improve­
ment outlets, and even some dis­
count stores like Target and Wal-Mart.

Chemical Make-up of
Batteries

While there are hundreds of bat­
ter y compositions , only a small hand­
ful of them are regularly used in ama­
teur robots.

•Carbon-zinc batteries are also
known as garden-variety "flashlight"
ce lls, because that's the best applica­
tion for them - operating a flashlight.
They're a simple battery with relative­
ly low current capacities. While they
can be "rejuvenated" to bring back
some power, the y are not recharge­
able , and they end up being expen­
sive for any high-cu rrent application
(like running a robo t).

•Alkaline batteries offer several
times the cu rrent capacity of carbon­
zinc, and are the most popular non-
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rec ha rgeable battery used today.
They cost several times mo re than
ca rbon-z inc . Robotics applications
tend to discharge even alka line batter­
ies rather quickly, so a 'bot that gets
played with a lot will run through its
fair share of cells. Good perfo rmance,
but at a price.

• Rechargeable alkaline batter­
ies are the mass-merchandising
answer to the high cost of regula r
alkaline batteries used in high­
demand applications - robotics is
certainly one such application ,
though battery makers had th ings
like po rtable CD playe rs in mind
when they designed rechargeable
alkalines. These cells requ ire a
recharger designed for them, and
can be recharged dozens or hun­
dreds of times before discarding .

All things considered, recha rge­
ab le alkalines are probably the best
choice as direc t replacements for
regular alkaline cells.

• Nickel-cadmium (or ni-cad)
rechargeable batteries are an old
tech nology, and unfort unately, one
that has caused considerable poison­
ing of the environment - cadmium is
extremely toxic. So , battery makers
have been weaning consumers off ni­
cads, favoring , instead, the battery
formulation tha t follows. While you
can still get ni-cads, there's little rea­
so n to, so we'll ignore them as a
cho ice.

• Nickel-metal hydride (NiMH)
rechargeable batteries not only offer
bette r pe rformance than ni-cads , they
don 't make fish, an ima ls, and people
(as) sick when they are disca rded into
landfills. They are the primary choice
in rechargeable batteries toda y, but

they're not cheap. Like rechargeable
alka lines, they require a recharger
made for them. (Many of the latest
rechargers will work with recharge­
able alkalines, ni-cads, and NiMH ­
jus t don't use a m-ead recharger with
NiMH.)

•Lithium-ion (Li-Ion) cells are fre­
quently used in the rechargeable bat­
tery packs for laptop computers and
high-end camcorders . They are the
Mercedes-Benz of batteries , and are
surprisingly lightweight for the cur­
rent outpu t they provide. However, Ll­
Ion cells req uire sp ecia lized recharg ­
ers, and are frigh tfully expensive.

•Lithium (without the -lon) bat­
terie s are also available. These are
non-rechargeable, and are used for
long-life applications , such as smoke
detector batteries. They are also used
as mem ory back-ups , and are com­
mo nly available in three-, six-, and
nine-volt cells.

•Sealed lead-acid (SLA) batter­
ies are similar in make-up to the bat­
tery in your car, except that the elec­
trolyte is in gel form , rather than a
sloshy liquid. SLAs are "sealed" to
prevent most leaks, but in rea lity, the
bat tery contains pores to allow oxy-

Cd +Ni02 + 2H20 .. Cd(OH)2 + Ni(OH)2

Reversible chemistry is the
backbone of every battery
design, but a pretty gory subject
to cover here. Fortunately, the
people at PowerStream did all
the legwork and published it on
their web site for you to enjoy.
So, break out that high school
chemistry book and start
counting up electrons at:

http://www.powerstream.
com/BatteryFAQ.html
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Battery Volts/cell* Application Recharge** Not e s

Carbon-zinc 1.5 Low demand, flashlights No Cheap, but not suitable for robotics
or other high current applications .

Alkaline 1.5 Small appliance motors No Available everywhere; can get
and electric circuits expensive when used in a high

current a lication like robotics.
Rechargeable 1.5 Substitute for non- Yes Good alternative to non-rechargeable
alkaline rechar eable varie alkalines.
Ni-cad 1.2 Medium and high current Yes Being phased out because of their

demand, includin motors toxici
NiMH 1.2 High current demand , Yes High capacity; still a bit pricey.

includin motors
Li-Ion High current demand, Yes Expensive, but lightweight for their

includin motors current ca aci
Lithium 3 Long life,very low No Best used as battery backup for

current demand memor circuits.
SLA 2.0 Very high current demand Yes Heavy for their size, but very high

ca acities available.
Polymer 3.8 Long life,medium current Yes Cells can be made to most any size

demand for electronics and shape; very high price; voltage
varies widely over discharge.

*Nominal volts per cell for typical batteries of that group. Higher voltages can be obtained by combining cells.
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87

Common Battery
Sizes

If you 've ever changed the batter­
ies in an electronic device, you already
know there are different sizes avail­
able . There's no point in telling you
batteries are available in N, AAA, AA,
C, D, and nine-volt ("transistor") size.

But with the notion of different
sizes fresh in our minds, it's worth not­
ing that the size of the battery directly
affects its capacity. For comparison
purposes, Table 2 shows the typical
capacity ratings for rechargeable
ni-cad or NiMH batteries.

period. Few batteries can actually
de liver their rated amp-hour currents
throughout that stated hour.

Smaller batteries are not capable
of producing high currents, and their
specifications are listed in milliamp­
hours. There are 1,000 milliamps in an
amp. Therefore, a battery that delivers
half an amp is listed with a capacity of
500 milliamp-hours (abbrevia ted
mAh ).

12-volt ba tte ry. Lower voltages won't
adequately power the circu it, and high­
er voltages ma y require voltage reduc­
tion or regulation, either of which
entails so me loss of efficienc y.

If voltage is akin to the amount of
water going through a pipe , then cur­
rent is the pressure of that water. The
higher the pressure, the more forceful
the wat er is when it comes out.
Simila rly, current in a battery deter­
mines the ab ility of the circuit it's con­
nected with to do heavy work. Highe r
currents can light bigger lamps or
move bigge r motors.

Because batteries cannot hold an
infinite amount of energy, the current
capacity of a battery is often referred
to as an energy store, and is referred
to simp ly as C - for capacity.

Batte ry curren t is rated in amp­
hours , or rou ghly the amount of
amperage (a measure of current) that
can be de livered by the battery in a
one-hou r period. In actuality, the amp­
hour rating is an idealized specifica­
tion . It's rea lly determined by discharg­
ing the batte ry over a 5 to 20 hour

**Many non-rechargeable batteries can be "revitalized" by zapping them
with volts for a few hours. However, such batteries are not fully recharged
with this method,and are re-discharged very quickly.

ge n into the ce lls. SLA batteries, which
are rechargeable us ing simple circuits ,
are the ideal choice for very high­
cu rren t de mands, such as ba ttle 'bots
or very large robots.

•Polymer batteries are among the
latest in rechar geable te chnolog y.
They are used for medium- to high­
current electronics applications , like
ce llular phones. These batteries use
lithium as a component, but they a re
not qu ite the sa me as the lithium and
Li-ion ce lls men tioned above. Polyme r
batteries ca n be manufactured with
thicknesses as small as one-millimeter
wafers. Table 1 shows these different
batteries .

The two most critical aspects of
batteries are their voltage and their
current. The importance of voltage is
obvious - the battery must de liver
enough electrical juice to operate
whatever circuit it's connected to . A
12-volt system is best powered by a

Battery Voltage and
Current



Cell Size Diameter Height W e ight Capacity
(mm) (mm) (~) inmAh

N 12.0 30.0 5 150
AAA 10.5 44.5 12 650
1/3 AA* 14.0 14.0 7 50
1/2 AA * 14.0 17.0 14 110
2/3 AA* 14.0 28.3 14 600
4/5 AA* 14.0 42.2 23 1200
AA 14.0 50.0 25 1500
A* 17.0 50.0 35 2200
1/2 C 23.0 26.0 23 2100
C 25.2 49.2 80 3500
D 32.2 60.0 150 7000
9-volt 25.7x I7,4 48.2 45 160-200

"'Typically used in specialty battery packs.and not available in traditional
consumer packaging.They are available from battery specialty retailers ITable 2
as replacement cells, however.

The Right Voltages
for Your Robot

Standards are a wonderful thing.
You ca n buy a TV at your local elec­
tron ics boutique and know that it'll
work when you plug it into the socket
at home. Don't count on electronics
for robots to be as accommodating.

A number of robotics-centric and
general surplus mail order companies
also offer rechargeable batteries as part
of their line-up. Many of these are
regular Nuts & Volts advertisers, so be
sure to keep them in mind in your hunts
for the best 'bot battery.

All Electronics
www.alle lectronics.com

Circuit Specialists
www.web-tronics.com

Gateway Electronics
www.gatewayelex.com

Fair Rad io Sales
www.fairradio.com

HSC Electronic Supply
www.halted.com

HVW Technologies
www.hvwtech.com

Lynxmotion
www.lynxmotion.com
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The re is no standard for operating
electronic equipment - some requi re
five volts, others need 3.3 volts, and
yet still others need 12, 15, 24, or 48
volts , and everyth ing in-between.

Providing the proper voltages to
the various sub-systems in your robot
requires careful planning. Obviously,
the easiest way to manage the power
req uirements of your robot is to
choose components that operate at a
single voltage - say five volts. That's
not always possible, especially for a
mechanical device like a robot, which
use s a wide variety of systems.

The re are three basic approaches
to powering the various components
in your robot. Each one is discussed
below.

Single Battery;
Multiple Voltages

Most of the electrical equipment
in your hom e or office is operated
from a single power supply (such as
wall current). Each piece of equip­
ment, in turn , uses this voltage as-is
(as in the case of an electrically­
powered fan ), or it converts the
incoming current via a transfo rmer or
other device to the voltage requ ired .
This is the natural approach because
ea ch piece of equ ipment is a stand­
alone unit, and doesn't depend on
any other to operate.

This same approach can be used

in your robot. A single battery - deliv­
ering say, 12 volts - powers different
sub-s ystems. A voltage regulator or
DC-DC converter is used to provide
each subsystem with the precise volt­
age it requires.

While th is approach sounds good
in theory, in practice it can be expen­
sive and/or difficult to implement
properly.

• Linear voltage regulators - the
most common variety - are cheap,
but relatively inefficient. In effect , they
"step down" voltage from one level to
another - the difference in voltage is
diss ipated as heat. The heat can be
dealt with, but the real problem is the
unnecessary drain on the battery. It's
better to conserve battery power for
productive tasks, like running the
robot's motors.

•Switching voltage regulators are
more efficient - some offer efficien­
cies of up to 80 percent - but they
are more expensive to implement,
and many requ ire add itional compo­
nents and design consideration. Like
linear voltage regulators, switch ing
regulators "step down" one voltage to
provide another.

• DC-DC converters are self-con­
tained voltage changers. They are the
most expensive of the lot, but they
require no additional components.
DC-DC converters can step down or
step up voltages, and can provide
negative voltages. The disadvantage
of many DC-DC converters (besides
cost) is that they require high-input
voltages in order to supply adequate
current at the output. For instance,
the input voltage may be on the order
of 24 to 48 volts, in order to provide
reasonable current at 5 or 12 volts.

MUltiple Batteries;
MUltiple Voltages

A potential alternative to voltage
regulation or conversion is to add
separate battery packs to your robot.
One ba ttery pack may power the
ma in electronics of the robot, while
another may power the motors. This
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often works out well because the elec­
tronics probably need regulation, and
the motors do not. The pack for the
electronics can be 6 or 7.2 volts (reg­
ulated to five volts), and the pack for
the motors can deliver 12 volts.

The trick to making this work is
to tie all the ground (negative termi­
nal) wires of the battery packs togeth­
er. Each su b-system receives the
proper voltage from its battery pack,
but the shared grounds ensure that
the various parts of your robot work
together.

The exc eption to tied grounds is if
you use opto-isolato rs . A typical appli­
cati on of opto-iso lato rs in robotics is
to con trol the drive motors. The elec­
tronics an d the motors are on com­
plete ly se parate circu its, and their
grounds are not tied.

Rather than connect wires directly
from the electronics to the motor con­
trol circuitry, the electronics instead
power opto-isolators, which contain a
light emitting diode (LED) and a
photo-transistor. The link between elec­
tronics and motor control is therefore
made of light, not wire.

Single Battery; Single
Voltage

Depending on the sub-systems of
your robot, you may be ab le to use a
single battery and single voltage for
everything.

For example, if your electronics
do not contain any five-volt TTL parts,
you might be able to run all circuitry
at 12 volts, a long with th e motors of

Gordon McComb is the author of the
best-selling Robot Builder's Bonanza and
the Robot Builder's Sourcebook, both from
Tab/McGraw-HilI. In addition to writing
books , he operates a small manufactur­
ing company dedicated to low-cost
amateu r robo tics, www.budgetrobot
ics.com/. He can also be reached at
robots@robotoid.com.
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your robot. Since applying excessive
voltage to electronics can damage
them, always check the specifications
first.

This disadvantage of using a sin­
gle battery for both electronics and
motor is that DC motors - especially
large ones - produce a lot of electrical
noise that can disrupt the operation of
microcontrollers and computers.

If you plan on operating your
robot from a single , non-regulated
battery pack, be sure to add noise
suppression to the motors. One effec­
tive noise suppression technique is to
solder 0.1 uF non-polarized disc
capacitors across the terminals of the
motor, and/or from each terminal to
the ground case of the motor.

Sources

Acme Model Engineering Co.
www .acmemodel.com

Battery holders for AAA, N, AA,
C, D, and nine-volts .

Advanced Battery Systems
www.advanced-battery.com

Batteries: Sealed lead acid, ni­
cad, NiMH, lithium , lithium-ion , lithi­
um polymer, alkaline; in all traditional
sizes and capacities. Also rechargers
and battery packs (custom and
stock) for cell phones , laptops, cord­
less phones, and other electronic
devices.

Batteries America
www .mrnicd-ehyostco.com

Batteries (including sealed lead
acid, ni-cad , NiMH) and rechargers;
single-cell and packs.

Batteries Plus
www.batteriesplus.com

US nationwide battery retail
chain, sells product for retail and
commercial applications. Check the
web site for a store locator.

Battery City
www.batterycity.com

Consumer-packaged batteries:
m-eads , NiMH , camcorder, and

WEASEL
A Touching & Seeing
Robot Kit $24.95 USD
"No More Blind Mice!" Weasel can
see its way. A wall sensing micro
switch detects walls to navigate.
Or the sonic tracking system under
Weasel will allow it to follow an
interesting path that you can
design on the floor . 3 speed
gearbox also included to
determine your speed. Easy to
assemble. Ages 10 & up.

Intennediate Level
(No Soldering)

AIR ZINGER
Robot Kit $44.95 USD

"Air Zinger Will Blow You Away!"
An air technology kit that is easy
to assemble. Blast out a ball
(included>, steer Air Zinger in any
direction, & suck up the ball with
the magnum wind propeller.
Challenges cognitive/motor skills
& hand/eye coordination. Multiple
creative game options & group
competitions. Ages 10 & up.

ROBOTIKITS
DIRECT

17141 Kingsview Ave. Carson , CA 90746 USA

Various Skill Levels. Call Toll Free.

877-515-6652
www.robotikitsdirect.com
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Order your front pone ls online
and rece ive them just in time

www.frontpanelexpress.com

Maha Energy, Corp.
www.mahaenergy.com

Rechargeables for consumer
products , as well as individua l cells
for RIC and other applicatio ns.
PowerEx brand.

Jbro Batteries I Lexstar
Technologies
www.jbro.com

Manufacturer and distributor of
rechargeable batteries and battery
chargers. Brands include Pa nasonic
and Hawker.

KidsWheels
www.kidswheels.com

Monster trucks for kids: Perego,
Fisher-Price Power Wheels , a nd
other makes. Can be ordered from
the web page. Also offers parts,
such as gear boxes, wheels , and ba t­
teries.

Mega Batteries
www.megabatteries.com

Superstore of rechargeable bat­
teries . Separate cells , pack s , and
rechargers.

Millenium Batteries
www.millenniumbatteries.com

Only Batteries
www.onlybatteries.com

Like their name says , O nly
Batteries onl y se lls batteri es. All
types, all sizes. Rech argeables are a
specialty.

Recha rgeable batteries and
chargers. Packs for consumer pro d­
ucts (e .g ., camcorders, cell phone s) ,
as well as individual cells.

batte ries , battery packs, an d ch a rg­
ers. Most name brands are carried,
in common consumer and industrial
sizes. Not a ll products are available
for on line ordering .

Planet Battery
www.planetbattery.com

Batteries and battery packs .
Sells sealed lead acid battery packs
in different voltages and capacities.
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House of
Batteries

www.houseof
batteries.com

House of
Batteries is a
distributor and
online retailer of

the commercials .
In an y case, the web site has

some interesting technical informa­
tion about batteries , including an
overvie w of battery chemist ry,
charge and discharge cu rves, and
othe r engineering data . Haven't
foun d any technical info on rabbits
yet.

Electric motors for bikes and
scooters; 12- to 48-volt batteries; bat­
tery chargers.

Hawker Energy Products,
Inc.
www.hepi.com

Hawker claims to be the world 's
largest batter y manufacturer. I can
believe it, considering how many
product s th ey have an d how m any
stores carry their wares. Their main
product line is sealed lead-acid
(SLA), which are available in single
cells (usua lly two volts per), and in
packs up to 24 and 48 volts.

The site offers no direc t
purchasing (reps a nd dis tributors
handle that fo r Hawker), but there is
plenty of battery spec sheets and
technical papers to pr int out and

take to bed with
you. Interesting
tidbit - Hawker
is th e ba tte ry of
choice among
many battling
robot builders.

Energy Sales
www.energy-sales.com

Distributors of name brand pri­
mary and rechargeable batteries .
Loc ations in OR and WA.

EVdeals
www.evdeals.com
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Battery Specialties
www.batteryspecialties.com

Resellers of alka line , ni-cad,
sealed lead acid , and lithium batter­
ies; battery holders .

Wheelchair and scooter parts,
including motors, wheels, and batter­
ies .

other needs.

Battery Mart
www.battery mart .com

Mail order batteries, large and
small , all types (including sealed
lead-acid , motorcycle , ni-cad, NiMH);
chargers. Online sal es; loca l stores in
Winchester, VA and Martinsburg ,
WV.

See their section of Robot
Batteries - a se lection of sealed lead
acid batteries in sizes from single
cells to large 12-volt pa cks.

Energizer Holdings, Inc.
www.eveready.com

Energizer either makes bunny
toys or batteries ; it's hard to tell from

eBatts.com
www.ebatts.com

Rechargeable batteries. In single
cells or packs for camcorders, lap­
tops, cordless phones, and cellular
phones.

Edmond Wheelchair Repair &
Supply
www.edmond-wheelchair.com
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·LCDOption
·1 Amp Regulator
'PC Interface
'AC Adapter Jack
' LCD Opt ion
'Access to all IO

CPServo
'Control 9 servos
'Programmable
'Rock Solid
•Serial Interface

CPMot or1
' Dual Motor Control
'Independent PWM
'Single Power Source
-Serial Interface

' Online Sto re
.Information
' Software
' Projects
·PC Boards
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$29 .95
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www.kronosrobotics.com
703-779-9752
fax 703-779-9753

Kronos Robotics
and Electron ics

Dios Mini Ultra
Introductory Price

With the

Dios Ultra

$29 .95

•Self contained / Built -in Engine
'300,000 lines of bas ic code per second
' Visual Basic Type Language
·1500 Bytes of Ram
'Libraries with local and global var iables
'Floating Point and Str ing Variables
-I nline Assembly
•I2 c,l Wire ,SPI
•Interrupt s / Arrays
·No High Priced Development platform needed

Several Form Factors and Options
Available

ZapWorld.com
www.zapworld.com

Zap World sells motors , batteries ,
and parts for small electric vehicles ,
namely bikes, ground scooters, and
aquatic scooters (as well as some off
stuff, like personal hovercrafts). Use
the stuff for your own performance
robots. NV

TNR Technical
www.batterystore.com

Batteries of all types and sizes;
major manufacturers. Alkaline, ni­
cad, NiMH, sealed lead acid , lithium ,
and lithium-ion. In separate cells or
packs (e .g. , for camcorders, cordless
phones , and laptops).

Many cells available in round
a nd rectangular/prismatic pack­
ages, with size and weight specifica­
tions provided in handy cross-refer­
ence tables .

Thomas Distributing
www.n imhbattery.com

Batteries (specializing in NiMH )
and battery ho lders . Very large selec­
tion. Also provides semi-technical
backgrounders on battery technolo­
gies.

The NiCd Lady Company
www.niedlady.com

Ni-cad Lady sells ni-cad, NiMH,
and sealed lead-acid batteries , in all
sizes. Also carries rechargers and
battery packs for cell phones and
laptop computers.

The Gillette Company
www.duracell.com

Duracell makes ba tteries . Billions
of dollars worth every year. You'll buy
them at you r local store or through
the mail , but the web site provides
some interesting semi-technical arti ­
cles in the Technical/OEM section.

Ultralife Batteries
www.ulbLcom

Specializing in lithium batteries ,
rechargeable and non-rechargeable.
Also offers polymer batteries in stan­
dard and custom packs.

Star Batteries
www.starbatteries.com

NiCad and NiMH rechargeables,
and rechargers.

Sanyo Energy
www.sanyobatteries.net

Industrial and consumer batter­
ies: ni-cad, NiMH, lithium, and lithi­
um-ion. Product specifications and
technical white papers are provided
at the site .

Primecell
www.primecell.com

Primecell offers replacement and
service of rechargea ble batteries. All
major brands.

Rechargeable Battery
Recyling, Corp.
www.rbrc.org

Informational. RBRC is dedicat­
ed to helping you recycle (rathe r
than throwaway) your old recha rge­
able batte ries.

Robotic Power Solutions
www.battlepack.com

Specializing in combat ro bot
parts, the company sells ni-cad and
NiMH batte ry packs, chargers, and
cobalt AstroFlight ge armotors . Th eir
"Batt lepack Kits" include batteries,
wires, support bars, heat-shrink tub­
ing , and padding foam.

Power Sonic, Corp.
www.power-sonlc.com

Rechargeable batteries and
rechargers. Products include: Sealed
lead-acid batteries , ranging from 0.5
to 100 Ah; nickel-cadmium and nick­
el-metal hydr ide batteries; automatic
battery chargers.

The web site hosts numerous
spec sheets, data sheets, and materi­
als safety sheets on battery technolo­
gies and compositions .

Tadiran US Battery Division
www.tadiranbat.com

Providers of lithium .batte ries ,
Product descriptions, spec sheets,
technical briefs.
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News Bytes

Single-Use
Megapixel Cameras

A Boon For
Hobbyistst

R itz Camera is test
marketing a "refurbish­

ab le" digital camera in select
US cities under the name
"Dakota Digital." This $11.00

Worldwide Sensor Grid
On The Near Horizon

The Ember Corporation recently
announced the general availability

of software and hardware to build
extremel y
resilient, self­
organizing and
self -healing
networks, with
very low power
requ irements
and immunity to
single point
failures . Core to their evaluation kit is the
EM1020 evalu ation module, a souped-
up hockey puck containing a
temperature sensor, two axis

accelerometer, some LEDs, a
piezo buzzer, and a pro­
grammable GPIO expan sion
port all connected to the
"mesh" through a 915 MHz
radio link. A Windows®
compatible graphica l
management tool , Ember
Studio Lite lets the user
perform both network and
node management, as well as
node service data processin g,
Visit www .ember.com for
product information, as well
as information on their
protocol stacks and custom
ha rdware.

Fight. Built in Lawrence Feir 's
subterranean robotics laboratory,
Shiver wields a 55 lb. spinning weap on
disc that rotates at frightening speed. Its
single S7 steel tooth carves through
aluminum and steel like butter. Shiver
is powered by three Bodine Electric
motors, two for mo bility an d one to
power the weapon. It is constructed
from high grade steel and titanium,
shaped on Feir's custom built CNC
plasma cutter. More information on
Shiver and Feir 's other rob otic
creations can be found online at
www.innovationrobotics.com.

Shiver Wins Top 'Bot
Award At NCRSF

IFYOU NEEDNEW BATTERIES FOR YOUR ELECTRONICEQUIPMENT
DON7 PITCHEM' · SEND THEM FOR REBUILDING I -SAVE SS

M O T OR O LA
MX300 HTGOO MT1000 S TX
NTJlI4686 482. 641. S 37.50
NTN6447 5£21 61546 S 37.50
NLN 6860 NTN 4327 S 39.50

FOR INFORMA TlON ABOUT YOUR REQUI REMENTS ... CONTACT US:
USE THE EASY INFO. REQUEST PAGE A T hrtp :/Iwww.pr lmec elJ.com
PHONE OR FAX : (8 14) 623· 7000 E·MAIL TO: sa' es@Primecell.com
SEND PACKS FOR FREE QUO TATION BY: UPS. FEDEX . OR US MAIL

CUNARDASSOCIATESINC., 9343 USRT220, Bedford, PA15522

• WElNSTALLNEWNJ.C,AD ORNl-MHBATTERIE$IHTO YOUR CASE. m
• WE IMPROVEPfRFORMAHCETOSETTERTHAN ORIGINAL.
• WEFIXWHA TCANT 8E FOUND. ( ORAFFORDED)
• WEPROVIDEQUICKSERVICE. I EKTENDLIFEOFOLDEREQUIPMENT
• WEOFFERFREEQUOTES. I FREE RETURN IFOUOTE ISREFUSED.
• WEPROPERLYOISPOSE OFYOUR OLDCELLSBY RECYCLING.
• WEGNE YOUA 11110NTHWARRANTY.
• WEWILL BE HERE WHENYOUNEEDlIS I EST. 1NI
• WE5AVf YOU - -1I 0N E Y •••• ssu
WESERVICE RECHARGEABLE SATTERYASSEMBUESFORALL TYPES OFELECTRONICS.

RADIOS. SCANNERS. CORDLESS TOOLS, BARCODEREADERS, GPS, SCIENTIFIC, SURVEILLANCE

GENERAL ELECTRIC UN' DEN RADIOSHACK
MPOPlS MPA 48SOP S 34.50 APX650 1050 1105 $ 32.50 HTX 2021404 S 22.50
MPOPl$ MPA 4860P S39.50 10101070 1100 S32.50 NEW NiMh KTX pal:k
MPR MPS MPX1631177S 39.50 1120 1200 Series S 32.50 8."V 1UOmAh $ 39.60
MONOGRAM 4506P113 S 31.50 BP2500 650mAh S 19.50 KE N WO 0 D

BP2DS 1600mAh S 22.50 PB216133134 S 28.60
MAXON SA·1155 1160 $39.95 ICOM PS7 1819113114118 S 30&.60

SP 2 I 9P3 1BP22 $ 19.60 KJlIB617I12114116$ 30&.60
BPS ' SP2 3 I 2.. $ 27.60 PB10i26126132 $ 24.60
BP7, eM71BP8 $ 3-4.60 CORDLESS DRIUS

~:~~~~~~f~: ;~:: t::'~:E7~P:~~~o
Y A E S U Any bland ' .6V S 29.60

11' 0 L A N0 FHB 3 .. 12 1.. 16 $ 32.95 Any bland 12.0V $ 3i.60
70-810 91' 8, t 82 1 S " .95 FNa19 21 26 27 38 S 32.95 Any bfand 1• .• V S 3'.60
825 B2' B32 B3' 850 S 31.95 FNB 10 1117 25 36 S 23.95 Any brand 1S.0V S 44.60

Seeour web pages about rebuilding battery pack.sused for Land Surveying,

I nnovation Robotics newest 220
lb. combat robot pulled in the

Coolest Robot trophy at the July
5th North Carolina Robot Street

combines a hands-on, interactive
robotics program with a sports-like
atmosphere. Participation last year was
27,000 stu dents on 3,000 teams and
nearly dou ble that is expected this
September when the newest challenge
"Mission Mars" is unveiled. Because of
such drastic participation in her area ,
regional coordinator Marsha Segard has

announced the first ever Lego
League regional event , slated for
December 6th in Phoenix , AZ. "It
is a wonderfu l opportunity for
students to grow and challenge
themselves" explains Segard.
More regional announcements are
expected as participation swells
throughout the world , from
Singapore to Scandinavia . Visit
the ir website at www.firstlego
league.org for complete details.

(800) 635-3355

• 12·bit analog inputs (8)
• 1D-blt analog outputs (2)
• 20 digital 110
• 32·blt counter

$119 qty 1
($95 qty 10+)

LabJack
U12

USB Data Acquisition
& Control

Available now for only ...

FIRST Lego League
Regional Announced

Since 1998, FLL
Intern ational has

been holding an
annual task solving
competition for kids
age 9-14 that

"i ~ With dozens of embedded
~q ~ controllersand countless

till' configurations,we can help
you turn your imagination into reality.
Fora complete lookat our product line,
visit our website at www.micromint.com.

MicrDmint
.. ~

www.mlaommt.com

• Built-in screw terminals
• Easy-to-use USB
• Everything included
• Use with C. VB. LabVIEW, etc.
• Windows 98SE/ME/2000/XP

4\.. Made in Colorado, USA, by LabJack Corp.
~ info@labjack.com, (303) 942-0228
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News Bytes
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unit stores up to 25 two­
mega pixel images in a 12
MB onb oard memory and
though it lacks an LCD
preview, it will let us ers
delete those images suspect­
ed to be bad. Returning the
camera to the purchase
point starts processing which yields a photo CD and index
print. Hardware in the camera is based on the Pure Dlgital"
Imaging Platform and is described as "proprietary." More
info is available at www.ritzcamera.com.

read up on the VIA Robotics Initiative at www.via.
com.twfe nfroboticsfrobotics .jsp.

Website Encourages "Nerds In Control"

Take a spin by www.control.com and you'll agree that
their mantra is not only accurate but intriguing

(especially if you're a control systems engineer). Warning:
the wide range of free form discussions and detailed
technical papers may suck you right in and burn an entire
evening . Founder Tom Bull also lists numerous technical
papers that he has written on control system optimization.
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BASIC MICRO Visit us online at WWW.BASICMICRO.COM to see ou r complete product line
TEe H N 0 lOG Y AT W 0 til( or call toll free at 1-800-869-5095

' use code: NV2 when orne . to sale ' ·

as
M
you the
had before, ctil
microcontroller that best suits
your needs. MBas ic Professional
comb ines an Integrated
Development Environment (IDE) with an
In Circuit Debugger (ICD) allowing you to write. compile,
program and test you r new code with the click of a button all
from within one powerful Windo ws apptication . Plus get the
best support available anywhere.

MBasic Professional features include: 1....- _

32 Brtmath Expanded LCDcommand Updated InCircuitDebugger
32 BrtFloatiw, Point Readand WriteMemorywith Basic command New Oscilloscope Software built in
~.a~~~se.~B;Yrr..~n ~~:fw'~::r.;;'~~rs Free Boot Loader Builder Included
Hardware PWM Hardware SerialUART Hserin I Hserout Free Boot Loader Interface Included

Robots, Lost Penguins,
And The Linux Revolution

A t the LinuxWorid Expo in San
Francisco, CA, a groundbreaking

robotic vision demo took place August
6th. To a standing-roam-only crowd,
robots from SRI's "Centibots" project
were shown a penguin doll and

instructed to find that "object of
interest" within an obstacle course.
Once the penguin had been hidden, a
preliminary map ping robot with laser
range finders identified the
configuration of the maze and was then
followed by a second wave of tracking
robots. This second wave used
machine vision to se arch for the
penguin, while sharing information and
communicating with a "command
center" over a wireless data link.
Discovery of the penguin was
su ccessful twice, each time taking
between three and five minutes.

SRI's Centibot research is a
DARPA funded project to create a
system whereby a team of robots can
be sent into an unkn own environment,
build a map in real time, and deploy
itself to search that environment. The
Centibots themselves are built with off­
the-shelf components including the VIA
EPIA x86-based mainboards executing
Debian Linux and a special integrated
architecture for robot perception
developed at SRI's Artificial Intelligence
Center. For more information on SRI's
Centibot project, visit www .aLsri.
comfcentibotsf and if you want to
build your own distributed AI system ,
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The Business of Electronics Through Practical Design and Lessons Learned

In The Trenches
Learn How To Write -The Right Way!

W
riting is something engineers
do a lot, but few seem to like
it. Being able to do it well is

not really such a hard task. Ifyou keep
certain goals in mind as you write, you
will find that the written word offers
opportunities rather than misery.

Why writing is
disliked

Most people regard writing as a
reluctant necessity. Memories of term
papers and ess ays are hard to forget.
Writing is often associated with late­
night assignments, dull documenta­
tion, tedious sales reports to manage­
ment, and the occasional research
proposal. Naturally, if you are forced
to do something you don't really
understand, you won't like it. This is
especially true when you feel your
reports are not read, when you have
no time for documentation, or don't
really care about the research propos­
al (because you don't believe you'll
get it).

And here is the main point of this
article. Most engineers don't really
understand the importance of writing.
Most feel that it's a nasty requirement
that they wish would just go away. It's
much more fun being in the lab
designing something useful. However,
what good is designing a perfect prod­
uct ifyou can't tell anyone about it? As
Erwin Schrodinger said, "Ifyou cannot
- in the long run - tell everyone what
you have been doing, your doing has
been worthless." (Schrodinger was
awarded a Nobel prize for his equa-

lit tions describing wave mechanics.)
!:i
~ Writing as telepathy
loIS Writing is a form of telepathy. It's
i~ taking an idea in your mind and pass­
Q ing that idea into another person's
Z mind. This telepathy knows no physi-
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calor temporal boundaries.
Something you write can be sent
world-wide on the Internet. Or, it could
be found in 50 years, 500 years, or
even 5,000 years.

Unfortunately, expressing ideas is
generally something that is learned by
experience. High school and college
English courses usually study other
people's writing and how they
expressed their ideas. Actual writing
classes usually focus on grammar and
composition rather than taking an
idea and expressing it well. There are
books that tell you how to be pub­
lished, there is software that corrects
spelling and grammar, and so forth ,
and so on. But writing is a skill. And all
skills require practice. Simply, the
more you write, the better writer you
will become.

With that said , there are aspects
to writing that can be learned quite
quickly. The most important is to real­
ize that the idea must be clear in your
mind before you can try to describe it
to someone else. If it is not clear, even
the best writer will not be able to make
another person understand it. Muddy
ideas cannot be clar ified with words.
Although, fairly often , the process of
writing exposes the confusion and
allows the writer to better understand
the subject.

How to start
Closely associated with the clear

idea is the goal you want to achieve.
What is the purpose for writing about
this particular topic? Is this documen­
tation , or a sales report, or a resume
cover letter, or a product description,
or a complaint? Obviously, this makes
a big difference. You wouldn't write
your resume cover letter as a com­
plaint, would you? The goal sets the
tone of the text.

Once your goal is defined , you

should know who your audience is. It
is clearly different if you are writing a
product description for fellow engi­
neers or for the vice president of con­
sumer affairs. The level of detail, the
vocabulary, the length, and the basic
structure of the document will be dif­
ferent for different audiences.

These three requirements (clear
idea , goal , and audience) may seem
obvious. However, I have found that
inexperienced writers neglect these
concerns. Unfortunately, this means
that such writing cannot possibly con­
vey the idea that they have. It won't
matter how well they construct sen­
tences , if their grammar is perfect, or
if the descriptions are graphic.

Without a clear idea , a specific
goal, and a known audience, compre­
hension simply will not be achieved.
Conversely , with these three points,
many other grammatical weaknesses
can be overcome.

Power in clarity
Suppose you want to sugg est to

upper management (non-engineers)
an idea you have to save money using
the Zip+4 code rather than the regular
five-digit Zip code. The first example
fails to have a clear idea , a specific
goal , and is written for the wrong audi­
ence. The second example succeeds.

"The Zip+4 process lets mail be
sorted by the post office faster. With
the LPX5523 file containing 15 million
records, over 17.7GB of DASD can be
saved . Port-to-port access time can be
reduced by 15 percent with a corre­
sponding user response decrease."

Versus: "I would like to suggest
using the Zip+4 process for our
name/address computer files. This
will save 10 percent of hardware disk
space while improving throughput by
15 percent. This saves us money on
postage and hardware and improves
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customer relations."
Hopefully, you can see a dramatic

differenc e. Which example do you
think will succeed with upper manage­
ment? And, how many times have you
heard someone complain that some­
one else got credit for the ir idea?
Perha ps their idea simply wasn 't under­
stood and someone else had the same
idea and presented it better .

Writing mechanics
There are a few points to discuss

about the so-called mechanics of writ­
ing. It's usually helpful to have an out­
line of what you want to discuss.
However, this doesn't have to be any­
thing formal (like in high school). I use
a "talking-points" type of outline . This
is just a few phra ses (say 10 or so )
about top ics I want to discuss. I don 't
put them in any order.

Rather, as [ write the column, I
choose the next topic that seems most
appropriate. You may want to organize
the ideas before you start writing. And

HelMed!a Inc. 10940 N St
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you may want to have more detail. Do
whatever works best for you.

Use an informal style of writing
(like this ) unless there is a specific rea­
son not to. This is the easiest to read
and understand. Unfortunately, many
people think that it's important to try
to impress the reader with fancy words
and complex sentences. Yes, you got
good marks for that in English class,
but this is different. The goal is to clear­
ly transmit an idea - so keep it simple.
If a sentence is longer than 20 to 25
words, break it into two sentences. Use
simple, direct statements.

This also means to try to avoid
technical jargon. Obviously, if you are
writing a technical paper, some jargon
is expected. But for general readers,
jargon is a turn-off.

The same is true for acronyms.
There is nothing worse than trying to
read an article with undefined
acronyms. Sometimes the whole con­
text of the article depends upon know­
ing what "CFIS" means. And, if you
don 't know that it stands for

Circle # 136 on the Reader Ser vice Ca rd.

Check Those Factsl
Use of a familiar illustration to convey

an idea is a powerfu l writ ing tool. But
how do you know that illustratio n has a
basis in fact? You have to research it !
A good place to start is at
www.snopes.com w here all manner of
myths and legends are discounted and
debunked. You might be surprised to
learn that we use far more than I0% of
our brain, as well!

Computerize d Flight Inspection
System, the article is useless to you.
The rule I learned was to define each
acronym the first time it is used.

There are a few exce ptions to this.
[ don't define units of measurement
(KHz, mA). And general use of com­
mon technical acronyms , like CMOS
and TTL, are assumed to be under­
stood by the readers of Nuts & Volts.
However, if I was discu ssing them in
length , I would define them, as well.

The length of the text is also
important. However, there are no spe-
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The first tip is well-known. Write
about something you know. (This
also refers to having a clear idea, as
discussed above.) If you are an engi­
neer writing documentation about a

A few tips

want to be correct in what you say.
Believe me , I know what happens if
you say something wrong in a publi­
cation. It's not pretty. But what's
worse than getting deserved criti­
cism, is that the error can never be
completely erased. There will always
be readers who think what you said
was right. "I read it in a magazine!" At
the least, they may be embarrassed
when they are shown to be wrong . At
the worst , their lives could be at risk.
(For example, giving the wrong color
for the "Hot" wire of a power cord is
dangerous.)

Clearly, you want to be extra
careful about an ything of impor­
tance. Always check your facts.
Sometimes, well-known "facts" are
wrong. For example, Lemmings do
n ot spontaneously leap to their
death, regardless of what that old
Walt Disney movie showed.

It's also important to be com­
plete in discussing your topic.
Obviously, this is a relative term. In
theory, no discussion can ever be
complete because there is always
something new occurring.
Completeness really means "no
major omissions."

For example, if you are talking
about res istors, you should include
the color code, tolerance, types, and
ratings. You may not need to discuss
humidity effects, lead indu ctance,
and manufacturing methods. How
complete a paper is depends upon
the length. The leng th depends on
the goal you want to achieve and the
audience.

The last attribute is clarity. This is
the most important one. If something
is clear and in error, the error will be
noticed easily. It will also be evident if
a topic is missing . The most imp or­
tant facet of clear writing is simple ­
write so you can't b e misunder­
stoo d. I learned this a long time ag o
and it has helped me continuously. If
you can write without any ambiguity,
then you can write well.

defines the len gth.

Accuracy,
completeness, and
clarity

There are three main attributes
for any discussion: accuracy, com­
pleteness, and clarity. Obviously, you

Your DVM shows the same shorted reading all
along the pcb trace. LeakSeeker 82B has the
resolution to find the defective component.
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect's pad. Now
you can locate a shorted part only a quarter of
an inch away from a good part. Short can be
from 0 to 150 ohms

Locate shorted or leaky
components or conditions
to the exact spot in-circuit
Still cutting up the pcb,
and unsoldering every
part trying to guess at
where the short is?
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OOPic R cont rolle r. L...- ..J

The pet on
the right is

house trai ned.

And does t ricks.

"Willie"
Non-expan dable K-9 .

Shown wi thout
opt iona l newspaper.
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BUDGET ROBOTICJ
Robots for the Rest of Us

clfic rules for this. Obvious ly, if it's too
long, the reader gets bored. If it's too
short, importan t information may not
be included. Generally, the more tech­
nical the topic, the longer it can be .
For reference, a typical type-written
page (not screen) on a word proces­
sor is about 500 words . My columns
are typically 3,000 words and are
three published pages. Your audience

ut

~

~
I~
!ut

ISZ c-- -----'
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commen ts will be fairly general.
The first point is that the person

who is writing these manuals should
have hands-on experience with the
products . As I noted before, you can't
write well about something you don't
know. There are some compa nies
where technical writers a re expected
to convert notes and documentation
into a manual. It's very hard to do
this.
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Reader response
John King, a reader from France,

wrote and requested a disc us sion
about writing user manuals and serv­
ice manuals . His timing was good
since I was in the process of writing
this. However, since I have no infor­
mation about th e products (hard­
ware , software?) or the mark et (com­
merc ial, industrial , military?), my

project you just finished, there will be
no problem. But suppose you'r e writ­
ing a user manual for a prod uct you
haven't actua lly seen. You're probably
go ing to write a poor manual because
you can't know about something you
haven't used.

A sim ilar problem occ urs when
writing a resea rch proposal. If you
don 't fully understand the research
topic (not a lways an unus ua l situa­
tion ), you can't explain it. In cases
like these, it is important to do some
homework.

Another tip is to re-read the text
after a day or so . This lets your brain
retract from the topic and you can
read it mo re objectively. Often, you
will find dis-jo inted sentences o r
poorly constructed paragraphs.
Basically, this allows you to add "pol­
ish " to your work. Unfo rtunate ly,
most people wait until the last minute
and the time for this is not available.

Letting someone else read your
work is also useful. But two things
are important here. The first is that
the reader must be honest. The sec­
ond th ing is that any criticism must
not be taken pe rsonally. This infor­
mation is impor tant. Don 't get defen­
sive. If you do , the next time eve ry­
thing will be "fine" even if it isn't.

Try not to get emotiona l when
writing (unless it's poetry or fiction).
This is hard if you are talking about
something important to you . But the
result is usually strident and irritat­
ing. People don 't like to be shouted at
or lectured to.

Sometimes, if something is
impor tant, it is useful to sa y the same
th ing more than once. But use differ­
ent words and say it in a different
place. Repetition helps people
rem ember. Add itionally, po int out
important items by simply saying
"this is important." Don 't expect your
reader to know this. You're supposed
to tell him.

Stay away from cliches and over­
used phrases. If you 're lucky, they will
only make you sound pretent ious . If
you 're unlucky, you will appear silly.
Your own words are much more pow­
erful tha n an y trite saying .

Naturally, there are ma ny books
you can refer to in the library, book­
sto re, or on the Internet. They can
provide more de ta il than I can here.
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Otherwise, that user may not be able
to operate the item properly. This
could cause lots of problems. In par­
ticular, a poor manual usually
requires additional customer support.
This is expensive. Then there are the
product returns because of user frus­
tration and the inability to follow the
instructions.

A good user manual explains,
rather than describes , the product. It
has a logical progression of material
from general to specific, and impor­
tant to trivial. It has a good index and
table of contents so that the reader
can find specific topics and related
items quickly. Remember, too, that
the user may not know exactly the
proper word.

For example, suppose the user
wants to delete a file. He doesn't
remember the word "delete" so he
looks up "erase" and "remove" in the
index. Help him out by adding these
words to the index with pointers to
"delete." When "delete" is found , don't
simply say "Delete is the command
for deleting files." This is obvious.
What the user wants to know is how
to delete. Is deleting a file different
from deleting a directory? What if two
files have the same name? How do
you delete many similar files? What is

the difference between
"erase" and "delete?" Put
yourself in the user's posi­
tion when you write. What
would you want to help
you understand?

Walk-thru's are gener­
ally a poor choice. This is
because they don't explain
what is happening. The
user isn't learning - he's
copying. Walk-thru's also
don 't separate between
important and trivi al
actions (which is clearly
very important) .

A good technique for
measuring manual quality
is to give the manual and
product to a co-worker for
evaluation. The co-worker
should have a similar back­
ground to the expected
audience, but no specific
knowledge of the product.
(Heath-Kit used this proce­
dure and created outstand-
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audience. Obviously, you would write
very differently for high school stu­
dents versus experienced engineers.

Since a user manual is the com­
pany's interface to the customer, it is
important that the manual be read­
able and understandable by all. This
means that the vocabulary and style
must target the lowest level user.
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User manual
The two maj or considerations for

a user manual are the audience and
the goal. Generally, the goal is to
teach the user how to operate the
product. Note that teaching is differ­
ent from just presenting informat ion.
And how you teach depends on the
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ing assembly manuals. ) Take all feedback very seriously.
Finally, an unconventional approach can sometimes work.
This depends upon the product and audience. There is no
law against a manual being entertaining. Can you add
humor to the manual? What about illustrations? The military
has used a comic-book format for some manuals. Be care­
ful here , though. Don't let the format obscure the content.

Conclusion

Service manuals
Obviously, a service manual is generally referenced

when there is a problem. (However, sometimes people
read them to become familiar with the product before a
problem arises.) The goal of a service manual is to allow
the reader to repair the product quickly. It's also important
to remember that the audience is well-educated and quite
self-directed. A good service manual explains how the unit
operates in general. It then goes on to explain - in detail
- each sub-unit. This gives the reader an understanding of
the whole system. This is important to know because it
helps locate the problem. I've seen some manuals that
explain the function of every part. This is great because
you can quickly determine if a suspicious part has the
potential for causing the failure.

Decision trees for fault location are generally not all
that useful. This is because they don 't explain anything.
What's worse, it's nearly impossible to predict ever y failure
mode. What happens when you have a fault that doesn't
match a node in the tree? (Three Mile Island had a decision
tree that failed .) These trees assume that the reader is dim­
witted and can't think for himself. This is not true. Explain
the system and let the reader make the decisions based on
his own observations.

You can never have too much information in a service
manual. But it is important to identify likely versus unlike­
ly failures. Always put a tolerance for every measurement
because no measurement is perfect. If the voltage is sup­
posed to be 5.0 volts , is 4.75 volts acceptable? Saying 5.0
volts ± 5 percent indicates that 4 .75 volts is suspicious. A
service manual can be tested, but it requires effort. The
best way is to give the manual and a deliberately failing
product to a technician and measure how much time the
repair takes. Feedback from the technician is important.

Once you determine you have a good manual , main­
tain the format for all other manuals. There are a couple of
reasons for this . The first is that it makes all other manuals
easier to create and more likely to succeed. The second
reason is that technicians will get used to that format and
find your other products easier to service. If your products
are easy to repair, they are more likely to be bought.

Writing is a sk ill that improves with practice. But three
factors are always necessary. You need a clear idea of what
you want to say, a goal for your writing , and you must
know your audience. With these factors , a grasp of basic
writing mechanics , and a few tips , you can take an idea in
your mind and place it in someone else's mind. And when
you stop to think about it, that's pretty amazing. NV
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Tech Forum

Continued f rom Page 20

batteries? I will have this system on
eight plus hours a day , so I can't use
my laptop as the battery only lasts
two hours at best.

If this power supply was possible,
would it be more efficient?

I would like to connect my
fishfinder and GPS to one of these
small computers via a data
acquisition box so I can do low budget
seafloor mapping using the Windmill
data acquisition software available on
the web from www.windmill .co .uk.

I also have video feed from an
underwater drop camera, a video
monitor, a PIC-based on screen
display board from www.icircuits
.co m/p rod Schtm, and a pai r of
f1uxgate magnetometer sensors
www.speakesensors .com to detect
metal artifacts and junk. All th is
equipment needs a lot of juice,
especially my small remotely
operated vehicle thrusters, so I'm
always worrying about line noise ,
battery life, voltage drop, and current
draw. I will probably use two small gel
cells of whatever size gives me
satisfactory operating times, and it
will be on two separate circuits to
keep the motor noise away from
sensitive electronics.
#09035 Michae l J. Lenardi

Department of Anthropology
State University of New York at

Stony Broo k

ANSWERS

[5033 - MAY 2003]
I would like to feed a secu r ity

cam era output to a VHS VCR to
preven t unauthorized persons from
en ter ing a restricted area and using
equip ment (by w h ich they could be
injured).

My VCR can be easily
con tro lled by CC relays, KJ to close
for J J5 VAC power, K2 to simu la te
th e RECORD PB, and K3 to

~ simula te th e PAUSE function. K2
... sho uld energize after the tape is
~ threaded during th e power on and
i shou ld remain energ ized unti l the
i~ VCR power (K J) is removed (ligh ts
!~ in room g o off). The actua lIS recording sho uld th en be controlled
Z by K3 by usin g the PAUSE (PB)
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function for J5-30 seconds every 2­
3 m inutes (K2) . I w ish to use 555s
not 4017s.

I am currently working on a
project like th is for a friend who has
been broken into and fears the
intruder may come back and strike
again. He lives out in the country and
frequently leaves for several days at a
time, so needs a camera system that
can turn on and off the recorder by
itself, for a set pe riod of time .

What I did was to remove the
faceplate from an old VCR and solder
wires across the connections for the
N.O. micro-switches that co rrespond
to the record and stop buttons. I used
two very small five volt relays to
interface the switches and provide an
access po int for remote control.

I have been us ing a very small
and cheap PIR sensor package for a
while now in various projects. It's a
DK-76B detector kit and costs about
$ 10.00 from MPJA
(www.mpja.com). All the associated
PIR electronics are mounted on a
small board, as well as the Fresnel
lens . Powered with anything from
about 5 to 12 VDC, it outputs a 1 sec.
high pu lse whenever it senses infrared
motion.

Not being able to find a 555 timer
circu it that would give me the on time
that I desired of about 15 min . after
motion was sensed, I went with a PIC
micro (16F84) instead. The output of
the PIR sensor is connected to one of
the port input pins . A very short
program realizes the pin is high and
powers up the rela y effectively
"pushing" the record button on the
VCR. Then, after a 15 min. wait
period, the relay connected to the
VCR stop button is triggered, the VCR
stops recording , and the sensor
resumes watching fo r infra red
motion. It works well and was
su rprising ly qu ick to as semble.

The nice thing about goin g with
the micro is that I am only using three
inpu t pins right now. It would be very
easy to monitor other types of sensor
inputs to switch the camera on or off.
In your case, you might be able to
sense pa rt icu lar ma chines be ing
turned on and off, use a CdS photo­
cell to sense the presence of light, or

even a small microphone to trigger on
loud noises. The microco ntroller
allows you to vary your timings at will
and it would even be possible to add
a pan and tilt mechanism to take in
wider views at some later date.

The total price is under $20.00
and the minor surgery needed to
"upgrade" the VCR is worth it for the
flexibility.The only th ing I wish to add
to my system before I install it is a
small LED blinking counter like you
see on some answering ma chines .
This way, my friend can tell how many
recording events have occurred when
he returns from his trips . To be
honest, I have a feeling we are going
to be watching a lot of deer, dogs ,
foxes , and birds (which won't be all
that bad either) .

Eric Daine
Macon GA

[5037 - MAY 2003]

I 'm f inding volt age doubling
circuits that need AC inp ut. What
abo ut De-DC?

The idea behind a volta ge
doubler is that you have two
capacitors in series. You charge one
capaci tor during each phase of the
AC cycle, using diodes to distinguish
between the two half-cycles.

This can 't be done with DC, but
you can chop DC into AC, dou ble it,
and convert it back to DC. The ICL
7660 voltage multiplier IC does this .
Instead of diodes, it uses high-speed
solid-state switches that are
synchro nized with its built -in
oscillator. For mo re information, see:
www.maxim-ic.com/appnotes .cfm
/appnote_number/725 .

Michae l A. Covington
Athens, GA

[6033 - JUNE 2003]
I own a 220-volt , 250-amp shop

arc welder of a simp le brut e force
design . It co ns is ts of an AC
variab le-core transform er coup led
to a large diode assemb ly .

What I need is a m eans of
injectinq a h igh-frequ ency sig nal
into th e ou tp u t lea ds going to the
han dh eld welding ro d. Th e
frequ ency and curren t need to be
hig h enough to help start the arc
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co ils will handle the heavy amperage
switching to the inne r co il. Use an
astable 555 circuit to tr igger it
continuously.

This output is placed through the
smaller 12 ga oinner co il and back to
earth or ground while its effects are
induced into the outer coil and onto
the job.

An adjustable "air gap" is also
needed to boost the impedance and
lower the res istance in the line. This
makes it an open circuit that jum ps
the air gap and steps up the voltage
without loading the co il down .

The air gap can be made using
two sharpened stainless steel sc rews
or platinum carbide Hell-arc rods , on
an insulator allowing you to adjust the
gap from zero to around one inch
wide. Seal them tightly in a box to
muffle the sound, and keep the points
clean and free from corrosion by
moistu re flux powder smoke. The
high frequency goes through these
po ints , onto the smaller diameter co re
windings and back to ground.

• 99% In-Stock
• Low-Price Guarantee
• 24n service
• Popular & Hard-to-Flnd Items

Want More
Jameco @ Home?

Call Today for a
FREECatalog
1-800-455-6119
Mention VIP# NVE

Circle #77 on the Reader Service Card .

dia. air co re. Then make a smaller set
of windings from so lid 12 gao copper
wire to slide inside the large r coil. Be
su re to insul ate the two with paper,
cardboard, or insulation tape. The
coils must not touch each other at
any point.

The overa ll length should be
about five to seven inches with an
oute r co il spacin g of 1/4 inch pe r
wind ing . The 12 ga oinner co il should
fit ins ide and be about the same
length (with a tighter winding) to
induce the maximum effect in the
ou te r coil. The entire insulat ed
assembly sh ou ld be snug and not
wobble or rattle.

The high-frequency is generated
by an automotive co il (or other high
volt age coil) with a HEI module
coupled to a 555. This should be
adjustable from a low frequency of
around 1 kHz to over 30 kHz via a pot
to find the "best frequency" for the
coil saturation a nd welding per­
fo rm an ce. The HEI module that
comes with most modern car ignition

PIN 219361EA

Take exact temperature readings with
this tiny beauty in tight, unreachable or
hazardous locations, from a safe distance
and without the need for contact with the
target. Just point the integrated laser
pointer at the spot you want to measure
and get a precise reading on the large,
digital display.

The data-hold / max-hold allows easy
recording and comparison measurements,
and a wide temperature range (_58°F to

+518°F)gives you maximum flexibility.
At 2.7 ounces you can carry it anywhere.
Flip a switch to shift from OF to °C for
different applications. The 6:1 field of
view can pinpoint hot spots easily.
Works with two AAA batteries (included).

No-Touch Thermometer

Only $59.99
Order Now! 1-800-455-6119 or www.Jameco.com/N VE

Instrument
Shown

Actual Size
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when the welding rod is applied to
a me ta l surface that is not perfectly
clean (rust, scale, pa int, etc.). I am
told th is will smooth the welding
process when w orking with hard­
to-start electrodes - by acting as a
pilot are, so to speak.

Is there a schematic for a home­
brew device as I have descr ibed?
Perhaps with hand-wound torroids
an d control knobs for frequency
and curren t?

The method for adding an HF arc
involves using a high-frequency
transformer and vibrator 555, and a
method of coupling it to the main
cable or welder st ick.

Induction is always the best way
to do this. It requires that you make a
coil large enough to pass all the DC
current of the welder through, and
have a smaller high frequency inner
coupling coil to induce the high
frequency into that main coil.

First , wrap a 7-10 windings of 1/2
inch dia . copper ba r around a 4-inch



Low voltage switching and wiring
can be made to turn this device on
and off from a foot switch or hand
switch on the welder handle, as most
a rcs once started don 't need the
furth er boost from this device.

Chris
Biebe r, CA

[6032 - JUNE 2003 ]
I need to build a circuit that

switches over to a battery when the
AC power in my house fails.

The battery voltage should be
adjustable from 3-12 volt s, but use
a power transformer to supply the
voltage when the power is on . It
does not need to be fancy like a
battery charger.

Please keep it simple for a 16­
year old to read. I understand most
of the stuff, but not all yet.

The easiest way to switch from
house power to battery is to use two
rectifier diodes. Convert your AC to
DC with a standard transformer and
rectifier/ ca pacitor circuit. The
negative output is "ground" and is
connected to the negative battery
terminal. The positive output is
connected to the anode of one of the
diodes. The an ode of the other diode
is co nnected to the positive terminal
of the battery. Both cathodes of the
diodes are connected together and
are your outputs to the load. This can
then be regulated with a standard
three-terminal regulator. The battery
will power the load when the
transformer power falls below about
.7 volts lower than the battery voltage.
There is no significant SWitching time.
For adjustable voltage output, read
up on the National LM317 regulator
www.nationa l. co m/ds / LM/ LM
117.pdf.

Robe rt Zusman
Sco ttsda le ,AZ

[6034 - JUNE 2003 ]
I'm looking for a circuit tha t

will take an input from a current
transformer and give a 4-20 mA
output to control motor speed
through a frequency drive.

This needs to be an inverse
relationship: as current transformer
voltage increases, th e 4-20 mA
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output current decreases, causing
the motor to run slow er.

Total output of the cu r rent
transformer wou ld be about 34
VA C. The outpu t shou ld swing
between 4 to 20 mA with a change
of about 6 VAC in the current trans­
former. An op era tor control p ot
would be necessary to fine-tune th e
circuit current output.

This is a feedback con trol
scheme where in creased speed of
th e motor causes an increased
current through the current
transfo rm er.

The best way to accomplish this
is with a current transducer hooked
up to a PID controller. They are
available off-the-shelf with a 4-20 rnA
output. However, since you need to
reverse the action, you need to get a
PID controller involved; most have
this capability by setting a bit during
the set-up routine.

You need to tune the whole
arrangement, and the Nichols Ziegler
(Ultimate Cycle ) tuning procedure
has worked very well for me and is
well described in the literature. If you
need further information , I can
recommend Robert Bateson's book
Introduction to Control System
Technology. If you decide to use a
current transformer - which can be
done - make sure it is properly
terminated. Open current transducers
can get hot and even blow up in
extreme cases.

Walter He issenberger
Hancock, NH

[6035 - JU NE 2003]
I ha ve an old 7.2 vo lt Makita

cordless drill that would cost more
to replace the battery and charger
than replace the drill.

I'd like to run it on 12 vo lts from
my truck with a cord to the drill.
How can I d rop 12 volts to 7.2?

# I I have a similar cordless drill
made by Skil tools. I attached a
salvaged vacuum cleaner cord (18
ga ., about 20 feet long ) directly to the
battery contacts ins ide the drill
handle and then two battery clips to
the other end. The voltage drop over
the 20 feet of cord gives the drill just

about what it is happy with. I use it a
lot when doing small jobs on cars out
in the driveway. The battery is never
dead and the cost was zippo. It's been
going for a couple years already.

Lloyd Hartenbe rge r
Chester,IL

#1 Don't bother to drop the voltage
to the drill. It will run even better on 12
volts than on 7.2. Generally speaking
with DC motors, volts = speed, amps
= torque. With the increased voltage,
the motor will run faster but won't
draw appreciably more current unless
you stall it. If you do hold it stalled, it
is a bit more likely to burn up at 12
volts than 7.2, but no electric drill will
tolerate this in any case.

D.P. Armstrong
via Interne t

[6036 - JUNE 2003]
I'm building th e temperature

probe project that was in the April
'03 issue for monitoring a salt w a ter
tank. I'd like to be able to log the
data in a sem ico lon separated
format at five-minute intervals. Can
anyon e provide the code changes
for this? This would make the
chea pest data logger I have seen.

Here is what needs to be added to
the SER2TEMP.BAS code to have it
print the time in 24-hour format alon g
with temperature readings of both
probes:

42 OPEN "FILENAME.TXT" FOR
OUTPUT AS # 1

212 TM = TIMER: WHILE TIMER
< TM + 300: WEND

214 PRINT # 1, TIMES "; " Tl ";"
T2 ";"

Line 42 creates a text file named
FILENAME.TXT. Line 212 waits for
300 seconds (five minutes), line 214
adds the time and temperatures
separated by a semicolon.

What you can also do is generate
HTML source. Change the filename
to FILENAME.HTML and add the
following line of code:

44 PRINT # 1 "<HTML><Hl>
SALTWATER TEMP</H1><HR>
<PRE>"
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This file when read by you r
favorite web browser will show a subject
title of SALTWATER TEMP in large
bold letters followed by a horizontal bar
« HR» . The <PRE> tag makes it
display the file in its origina l format to
prevent the data from runn ing together.

I use this to show me the
temperatu re of my wine cooler
anywhere in the house from my
wireless Pocket Pc. I will soo n have it
email me a message if the temperatu re
get s too high!

Mark Roles
Seattle, WA

[6037 - JUNE 2003]
What is the best way to make a

soft power switch for a
microcontroller (i.e., a momentary
button-press latches pow er to a
microcontro ll er w hich can then
power it self down after a
predetermined time)? Is there a name
for this type of fun ctiona lity?

With the wake-up feature found on
many modern microcontrollers (MCU),
there is no need to create a hardware­
only soft power switch feature.

Instead, you should use the MCU's
resources. Many MCUs offer two ways
to do this . You can use the (1) wake-up
on pin change or (2) wake-up on timer
overflow.

The pin change method is the best
since it offers fast response. What you
do is ma intain power on the MCU and
when the task is done , you set your I/O
pins as requ ired in your application
then issue a "sleep" command. Usua lly
this is a result of the user pressing the
momentary "power" button that is
connected to a MCU I/O pin. Your
program polls the pin and when it
senses the switch closure, it performs
the sleep command after the switch is
released.

While in the sleep state, the MCU
goes into a low current mode (just a
few microamps), so battery operation
is supported . When the use r presses
the power switch again, the MCU sees
a state cha nge on the I/O pin. This
commands the MCU to "wake-up" and
you r prog ram can the n do whatever
you want (light power LED, enable I/O
devices , perform tasks, etc.)

If you use the timer overflow
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method, then you must periodically
wake-up th e MCU us ing a
timer/counter and poll the I/O pin that
is connected to the switch. This
method draws more average current
and there might be a short delay due to
the chosen polling period.

For mo re Microch ip (PIC)
technical information on this, read app
note AN528 on the Microchip website
at www.microchip.co m.

Thomas B.
Folsom, CA

[7032 - JULY 2003]
I found two hybrid IC power

am p modules in my electronics
stash, and beyond w hat they are, I
cannot identify them further.

One is marked "Sany o power
amplifier SS1001." The code on the
back is 86AE303. The other is
marked "The Fisher pa501 Hybrid IC
power amplifier module." The code
on the back is 50HL093.

They are in rectangular cases, a
screw hole for mounti ng is on each
end, and 10 solder terminals (for PC
mount) are along one side. The case
size is 3" long, 1.75" wide, and 1/4"
thi ck.

Does anyo ne have a cross
reference, hook-up diagrams, or
specifications? Google was no help.

The power amp modules you have
are older units, however the re is a cross
reference for them. The SS1001 amp
crosses to ECG or NTE1337 and also
to STK086. This is a 70-watt amp
requiring a bipolar 55-volt supply. The
pinouts ca n be found at
www.nteinc.com. You will have to use
the pdf file for the NTE1320 module.
The pinouts are the same but the
supply voltage for the 1320 is 37 volts
versus 55 volts for the 1337.

The PA501 amp module crosses to
an NTE or ECG1148 or STK-036 or
SK3292. The pinouts are not at all
close to the SS 1001 . The PA501 is a 30
watt amp that also requires a bipolar
supply. I could not find a pdf file on the
NTE website for this mod ule.

My advice would be to put them
back in the parts bin in the event
something turns up needing one of
these modules. Ifyou are going to build
a power amp, you can save a lot of

headaches and money using some
newer amp modules that have a full set
of specific ations and some application
drawings .

Terry Kasie
via Internet

[7033 - JULY 2003]
I need information about

Un interrupted Power Supply maker,
"Electro Vector."

My Electro Vector SRP-500A
back-up power system recently
conked out. Before I junk it, perhaps
there is a successor company or
some firm w hich can supply
replacement components?

It has been about six years since
I communicated with the company.
There is no answer at the last phone
number I had for them and my letter
to Electro Vector in Forrestuille, CA,
was returned.

# I www.apc.com Select products,
scroll down to UPS Battery
Replacement & Up Grade Selector.
They say they will give up to a 40%
discount when trading in any UPS
whether it is working or not.

Edwin Spencer
Burns,TN

#2 Magnetika has posted the
following information on this web page
www .magnetika.com /new s
.ht m, dated 03-25-2003. "Over the
years Magnetika has acquired many
manufacturers of Magnetic Com­
ponents, such as Transformers, and
we have in our possession most of thei r
des igns and we own the rights to use
their names and manufacture any and
all of their products.

These manufacturers are : Mercury
Transformers, Inc., Servo-mechanisms,
lnc., Ferrodyne Corporation, Rucker
Electronics, Electro Engineering
Works , Electro Vector , Torwico
Electronics, OPT Industries, Nytronics ,
United Trans-former Company (UTC),
Titan Transformers, DB Products."

As you can see , the sixth entry
in the list appears to be your Electro
Vector. The CONTACTS page lists a
number of locations . These phone
numbers are the closest locations to
you. Phillipsburg , NJ T (908) 454­
2600, F (908) 454-3742 ; Lakewood,
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Tech Forum -
NJ T (732) 364-1800, F (732) 363­
6234.

Tom Tillander
BayVillage, OH

[7034 - JULY 2003]
Is there such a cable with an

upstream (square) USB plug at one
end, and a 37-pin female (parallel)
plug at the other end? If so, can
someone recommend sources?

I'd like to connect my USB 2.0
printer to a parallel switch box since
all my USB connections have
already been taken and, so far I
haven't seen a USB switch box!

What you should be looking for is
a USB hub not a USB switchbox!

The grea t thing about USB is you
can connect up to 127 devices to one
USB port, provided, of course, that you
have enough input jacks to plug that
many devices into. The key to doing
this is called a USB hub. This is a sm all
box that plugs into ONE USB port of

your computer then expands that one
port into several more . You should be
able to find a USB hub at any computer
store for less than $20 .00. Another
gre at source is eBay. These are
availab le with different port
configurations, but four or five ports
seem to be the most common.

One thing to watch out for ...
Try to get a USB v2.0 hub .
The first USB hubs ran at 12 rnb/s,

The newer v2.0 USB hubs run at 480
mb /s and are backward compatible
with any USB port or device . Although
you would notice very little difference
with a printer (which is a relatively slow
speed device) connected to a v1.0 USB
hub as opposed to a v2.0 hub, there
will be a quite noticeable difference
when connecting a higher speed device
such as an external hard drive, CD­
ROM drive, CDRW burner, or camera.
And, of course, the real beauty of the
hub is there are no switches to fool
around with as all devices connected to
the hub are connected to the computer

all the time .
john

via Internet

[703 10 - JULY 2003]
I need a system that will let me

combine two composite video
signals into a single 'picture-in­
picture ' signal with one image
superimposed over the other. Until
recently, you could buy stand-alone
units, but it seems that they are only
available as built-in options now.

Are there components that can
be used to build a small PIP?

In late June, there were several
external PIP adap ters listed on eBay for
prices less than $20.00. One model is
th e Allegro Videa, another is
Multivision model 2.1. These will
probably be gone by the time you read
this , but check again , you'll probably
find something.

Steve Bepko
via Internet
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Incredible
Deal! onp;
$169.00. !

Includes 4 Nozzles!

SMD RE-WORK SYSTEM w Solder-iro
item# CSI906

Super Economy DMM
1999 counts LC D Display, 1 10 50+
150101dlgit height $999 $799 $699
HfE DATA 1l0LO •••
Audible Continuitv · DC Volts: 200m/2V/20V/200V/600V
Rubber Boot . • AC Volts: 200/600
Includ ed ' DC Cur rent: 200u/2m/20mA/ IOA

I I d ' Resista nce: 200/2K120Kl200 Kl2M
t:S~ ~ea~ *Size: 138 x 69 x31mm

In Business
Since 1971

SMD RE-WORK SYSTEM w Vacuum
Pick-up tool. Details at web site!

CSI3003 :0-30v/0-3ampl-4 / $89.00 5 + / $85.00 .
CSI5003 :0-50v/0-3amps 1-4 / $99.00 5+ / S95.0'~-------t

Bookmark our WEB SltetMany morePower

Supplies are Available. Look Under Test Equipmen

price per value
I 10 100

$6.95 $5.50 $4.95
stockingstandard valuesfrom
100 ohms to 25K ohms
detail s at web-tronics.com

Triple O u tpu t Bench Power Supp ly
. . .. with four 3 1/2 digit LCD Displays

:":::::::::::".: "=-- Output: 0-30VDC x 2@2AMPS
& I ea. fixed output @5VDC
SourceEffect: <0.02%+1mV
LoadEffect: <O.OI% +SmV
Ripple& Noise: <lmVrms

CSI3002D-3..$169.00 Dimensions:365 x265x 164mm
(qty 5+...$159.00) Inp~Je~?t!t:,It~.•~. !v~y'~,St(~c~2%

. ate
• EasY to Na~'iarch Engine item# CSI825A+-n---.-----~--

Includes a WorkS t'
That Real Y dded constan Gilrc1JQt ANTASTlC
NewlternsA S VALUE!!

icroProcess
Best Buy! Controlled!

$34.95! Includ es 4 Nozzles!

ITEM#
CSI-STATlONI

ITEM #
CSI-STATlON 2

$49.95

Circuit Specialists Soldering Station
w Ceramic Element &
Seperate Solder Stand

NEW LOWER PRICES ON
IN4000 SERIES DIODES $6.00/thousand!

1-9 - 10-99 100-999 1000+
IN 400 1... 0.10 $0.07 $0.025 $0.006
IN4002 $0. 10 $0.07 $0.025 $0.006
IN400 3 $0. 10 $0.07 $0.025 $0.006
IN4004 $0.1O $0.07 $0.025 $0.006
IN4005 $0.1O $0.07 $0.025 $0.006
IN4006 $0. 10 $0.07 $0.025 $0.006
IN4007 $0.10 $0.07 $0.02 5 $0.006:;:-- -

I

Also Available w Digital
Display &MicroProcessor
Controller SMD Hot Tweezer - - - - -

Adaptor Fits CSI Station I & 2
& also CSI 906

Protek 60 & 100 MHzRealtimeScopes Digital Read Out 3Amp Bench Power Supplies
AilfAZING Brand New Available in 0-30 volt & 0-50 volt versions

2 Channel Not Refurbished!
Dual Trace VALUE S! includes 2 s"c·,(::':J[J:e,::,,):r(~Jb:e.~s~:;;~_~ igh stability digital read-out bench power supplies
6" Internal Grid • I featuring constant voltage and current outputs. Short-
ALTMAG 60MHz only $469.00 I T ' r} t: l,~;::~j!~ circuit protection and current limiting protection is
~L.TT, RIG l OOMHz only$699.00 ' . . .r (~.., ....I,~.." .'.: I ., ...... provided.Highly accurate LED accuracy and stable line

. 1" "'.. regulation make the 3000 series the perfect choice flVSync - -- - 0 .....
{Limited Tillie 0lIer) ...., r__.H_..". lab and educational use. N '

See all Details at web-tronies.com unnertest Equipment Line Regulation: 2x104 +1ma 1 ew • •
LEDAccuracy: Voltage±1% +2d igits Lower Prices

Current ±1.5% +2 digi ts
Wave Line Noise: $1mvrms
Dimensions: 291mmx 158mm x 136mm

Hand-Held 3.0GHz Universal Counter
*10 digit LCD Display W.Ith
*High speed 300MH z direct counter w O.lII z Field Strengt

resolution Measurement
*50 ohm input for full range IMHz to 3.0GHz' · Tncfiitles:
coverage "extendabte/retractabte whip antenna

*Ultra sensitive synchronous detecto r 16 segment *fnternal 4AA Nicad batt pack
bargraph display of RF signal st rength (600mAH)
*4 selectab le gate speeds *9VDC 500mA wall plug-in charger
*hold switch locks display ,
*Iow power consumption (6 hr nicadoperation)

Extensive Details at www.web-tronics.corn

*with ceramic heating element for more
accurate temp control.

*with temp control knob in F(392 to 896deg)
& C (20lf-480deg)

*3-con grounded power cord/static safe tip
*Seperate heavy duty iron stand
*replaceable irons/easy disconnect
*extra tips etc. shown at web site

DC to AC Inverters
Modified Sine Wa ve item# 305-l2A

............ SP-150WATT. ..$19.95 300 W~tt
SP-300WATT. ..$34.95 rn~~J:~eWave
SP-600WATT. ..$64.95 $119.00!
SP -80 0 WAT T. ..$98.00

More Details at web site
12V D C to 120VAC under"DC toAC Inverters"

Activated Carbon
Filter Pad (replace
helps reduce
harmful fumes
while soldering.

item# 't27 99
CS1486" •

Personal Fume Filter for Soldering

or More Info See www.web·tronics.com



NEW LOW
PRICES

Personal UV EPROM

ERASER ~
item
D-ERASE
$49.95

Erase Up to 4 Chips at a time
Adj ustable Tune r..4 to 24 minutes

Innovative 5 in 1 DMM
IntegratedSOUN
LIGHT/HUMIDI
SEN SO RS

DCV/ACVIRES/
CAPIFREQ.!fEMP ­
RH/LIGI-IT/SO
CONTIDIODE

CSI 820S~.00 •
More In ormation at
www.web-tronics.com

Visit our web site & view
our extensive offeri ng of new
FLUKE TES T EQUIPMENT.
Jus t go to our home page &
selectTEST EQUIPMENT.
We've got grea t dea ls .

New!
FLUKE COLO R SC O PES-"""-"--._~ .

GREAT 1/4Watt Carbon FilmResistor Deal!
1-199 200 1000
$.07 $.01 $.003

as low as

$3.00
per thousand

5% tolerance/bulk p a cked
All S tandard Values based on ordering in multiples
f rom 1 o hm to 10 m e g ohm of 200 or 1000 of each va lue)

BAG of LEDs DEAL 100 LEDs for $1.50 !!
\ Normal brightness leds now avai lab le

in RED or GREEN in 3mm or 5mm size .
Your cho ice. Each bag of 100 costs $ 1.50 !

- (that 's 1.5 cent s ea .!) Eac h bag conta ins
100 of the same led.

BAG-RED Smm $1.50 BAG-GREEN Smm..$1.50
BAG-RED 3mm $1.50 BAG-GREEN 3mm..$I.50

"• •

1

NEW!!
only
$199.00

luminous
intensity @
20mA

LED's/Megabright Blue, White, GREAT PRICES!

10+ 100+
Megabright Blue Smm (L7113PBC/G) 1400 $1.95 $1.50 $1.25
Megabright Blue Jmm (L7104PBC/G) 600 $1.95 $1.50 $1.25
Megabright Whit e Smm (L71l4PW C/G) 600 $2.15 $1.59 $1.35

more technical deta ils @ our web site und er SEM ICONDUCTORS
FLASH ING red 3mm (L36BI-ID) a s low as $,28 ea!

PROG~LEDCPOWERSUPPLY

PC b••ed DigitAl S eor .
O. c i l lo. cope , 20 0MHr '

150 5 / . equiv• • &lllplin l1.
USB inc.r~.ce

Details & Software Download @ our web site
Intelligent Multi-function Digital Counter

An intelligent multi-function
counter controlledby an 8-bit
micro-controller with
eight-digit high bright LED
display. Four measuring

[i;~~~" functions (frequency,period,
., total mode & self-check).

i~m# C I 6100 Also.a IOM Hz OSC.OUT.
Frequency Measurements:
CH A, Range 10 to 100Mhz New Lower Price!
CHB, Range iOOM hzto l.3G Hz $129 00"
DETAILS AT OUR • • •
WEB SITE under TEST EQUIPMENT

tora g e Oscilloscope Module 2 AMP O-18\' Bench
~l:I.'lIII_. Convert any PC with USB Power Supply

interface to a high performing LCD Display
Digital Storage Oscilloscope. input voltage: IIOVAC
This is a sophisticated PC output: 0-1 8VDC
based scope adaptor providing Current:0-2A
performance compatible to Source Effect:<0.02%+lmV
midlhigh level stand alone Load Effect:<O.O I%+5mV
products costing much more!Ships Ripple& Noise: <lmVrrns
with two probes. 1 5+ ~
Complete details & software $59.95 $52.95 NE\V!
download at our web site

item# 200DSO $859.00 und er "Test Equipment" item # C SI 1802D

SMHz Dual Channel Digital Scope Meter Circuit Specialists 20MHz Dual Trace Scope
*DC to 5MHz details at web site *20M hz Bandwidth h e 'i~.!l!~
*Dua l Cha nnel item# S2405 *Alt-Mag sweep .;;
*Sampleing Time:50Ms.S * l mV/ Div ve rtica l
*Auto Triggering $299 00' sens itivity _
*Auto Calibration •• *Alte rnate trigger 1'&-:1£-1!: c!.. •
*Ro ll & single sho t mod e *X5 sweep m agnification - --- - i: _.C6J.
* 16 shot reference wave- *L 6"CRT/ t f ,...l 1'uw o.ciUo.c~

form & set-up mem ory ~rge au 0 ocu s $269 00'"
*Built in autoranging True RM S *shlps w 2 (x l & x~ O) probes). • •••

Digital Multimeter More Details at web srte!
*InCludes RS-232 I.F. softwa re, Intelligent Auto-Ranging DMM RF Field Strength Analyzer

RS232 cable & Rubber Boot Our Most Sophi'lticated DMM Ever! The3201isa high quality hand-heldRF
_ .........~ L 4 0 ' I klit 8'Ull. t Field StrengthAnalyzer with WIde band.. arge , Ig lac I IJUV coun rece tion rangm' from 100kHz to

dual display & Analog Bargraph. 2068MHz.The 3~01 is a compact &
RS232 I.R. Interface/software/cablelightweight portable analyzer &ISa must
4 display modes True RMS for RFTechnic ians. Ideal fortesting,

• ' . • installin g & maintenance of Mobile
value & Freq, of l\1J~/Max Telephone Commsystems, Cellular
valuesi'Iemperutureln F/C; Phones,Cordless phones, paging systems,
relative quantity & error % of cable &Satellite TVas well as antenna

relat ive value at the same time... installati cn s.May alsobe usedto locate
hidd en cameras using Rf'transmissicns

MORE DATA at WEB SITE Exte nsive Tech Details& a Special OtTer
CSI 8203 ~ "tOur WebSite("~",.web-tronics,com)

SALE! Circuit SlVcialists now carries
$129.00 FLUKE FLUKE EST EQUIPMENT

*Stores up to 10 sett ings for fast & accurate recall
*Backlit LCD di spl ay manual pdfavailable at
*High Resolution ( I mY) web-tronics.com
*PC com pa tible (with optional RS-232 adaptor module)
*Easy programming w numeric keyp ad or fast rotary code switch
*Power shut down memory function
SPECIFICATIONS at web-tronics.com (under test equipment)

Visit our web site for a complete listing of our offers. \Ve have over 8,000 electronic items on lin e @ www.web-tronlcs.com. PC
based data acquisition, industrial comp uters, loads of te st equipment, optics, LC 's, transistors, diodes, re sistors, potentiometers,
motion control products, capac itors ,m inia tu re ob servation cameras, panel meters, chemicals for electronics, do it you rs elf printed
circuit supplies for PCb fabrication, ed uca tiona l D.I.Y.kits, cooling fans, heat shrink, cable tie s & other wire handleing items, hand
tools for elec t ronics, breadboards, trainers, programmers & much much more! Some Deals you won't believe!

CIRCUIT SPECIALISTS, INC. 220 S. Country 'Cl ub or; Mesa, AZ 85210
. '" -' . 800-528-1417/480-464-2485/FAX: 480-46~5824< c-j;:;::;~45'~~"~h',;VR;ad~r Service Card.



You've got a Stamp and a programming board. What's next? Give your next BASIC Stamp or
Javelin Stamp proied new dimension with a GUI or LCD from Parallax. These smart screens are
the best way to display your digital results and computations to the world.

Amulet Easy GUI 5.7Starter Kit with Bezel (bezel not
shown); #30053; $399.00; For complete details,
additional projects, and GUI downloads, visit the
Amulet GUI page atwww.parallax.com.

The G UI Starter Kit includes a 1/4 VGA, 5.7" monochrome
display with a CCFL backlight, a fully- integrated analog touch
panel , Amulet Con troller Board, serial cable, development
software CD, stylus touchpen, AC power adapter and is
mounted in a high qua lity bezel (not pictured). Note: To
operate this kit with the standard GUI, you must have a BS2­
IC or higher and a BASIC Stamp Activity Board (#27905).

The Amulet G UI is fully customizable for your own projects,
but Amulet has created a GUI for the following to get you
started: the BASIC Stamp Activity Board (# 2 7905), the Boe­
Bot (#28132), Parallax Standard Servo (#900-00005) and
the Javelin Stamp (#JS 1-1C) . O ur favorite, the Boe-Bot GUI
shows you how to remotely contro l a Boe-Bot via RF using
icons on the Amulet display screen. In order to utilize the GUI
proj ects, you will need to purchase additional hardware.

2x16 Serial LCD; #27910; $49.00; 2x16
Serial LCD - Backlit; #27923; $59.00; A
Scott Edwards Supertwist 2x16 LCD
with a factory installed LCD Serial
Backpack interface. The 2x16 LCD
is the right choi ce if you require a
small foo tpri nt and low current draw
(2-3 mA without backlight) .

4x20 Serial LCD with Keypad Interface;
#30058; $109.95; The Matrix Orbital
4x20 Serial LCD has an Inverse
Blue display with a white backl ight,
6 general purpose outputs, keypad
interface (up to 5x5 Keypad) and
can communicate over RS -232 or
12C (connect up to 16 displays over
FC). This LCD is pre-modified TIL for
BASIC Stamp-compatibility.

NEWt LCD Terminal Application
Module; #29121; $39.00;
This low-cost display is
excellent for your smaller
pro jects. The module has a
2x8 display, 4 pushbutton s,
and will connect to any
programming board that has
a 2x10 AppMod header.

www.parallax.com

Visit the IAudiofVisual" page in the PRODUCTS section ofwww.parallax.com
toseeour entire line ofGUI screens and LCDs. You can order online or call
the Parallax Sales Department toll-free at888-512-1024 (M-F, 7-5, PST).

BASIC Stamp and Boord of Educatio n ore registered trademarks of Parallax, Inc.
Easy G UI is a tradem ark of Amulet Technologies.

•
Circl e # IS4 o n t he Re ader S e rv ice Card.


