




• Input: 88 - 142 VAC
• Output: 420VAJ252W
• Weight : 11.5Ibs.
• 6.1"H x 3.4" W x 12.7"0

Visit us on the web at:
http://www.halted.com

Hitachi Display

• Blonder-Tongue Mod. AP 60·550

• Move video from one ch. to another

• VHF to UHF - UHF to VHF, std. 19" mt.

• Pull-out l req setting charts lor dip swxs.

• Working pulls, 30-day warranty.

HSC# 19640 $49.951

'RAID' Controller!

• 242mm. W x 69mm. H. display area

• Ylw/Grn 480x128 dot matrix, 0.48 pitch

• 1ooos in stock' Call for ely discounts!

• HSC 90-day warranty, plastic case incl.
Spec sheet at: wwwhalted.comlonlinelindex.htm

HSC# 19429 $14.95

• 'Mylex' Model No. 960P-3

• Up to 32MB, 36-bit SIMM, (4MB min.)

• 1 to 45 drives as one logical drive

• Can co-exist with 3 more (180 drives!)

. ONLY 519.50 w/A!:f'[ SCSI Hard Driv e!

HSC# 19427 $29.501

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

MMC/SD, SmartMedia & Memory Sticksl

• Three adapters included! 'W';:

• Order IDE or USB version

• Std. 3.5" bay mount!

• New, w/CD & cables

• Check the price!!
HSC# 80708 IDE version
HSC# 80709 USB version $29.501

$24.95

$24.951

Video WAVE Editor!
• 'CommandPost' console w/pro-Ieatures

• Powerful editing, loads 01features

• Edit video like the pros!.. .... '~"""-"~

• Swirl, ripple, lade,
shadows, animations!

• 2 CDs witons of templates

• New, retail boxed, 90·day warranty

Pressure Sensor Deal!
• Motorola MPX4115A sensor + parts!!

• Sensor alone worth over $15.001

• Board was lor metabolic test product

• Tons of parts...LCD display, SMD
switches, connectors , thermistor , LED,
loads 01 resistors & caps.,If, i

• Great HSC bargain! ..'

PCI to SCSI Host
• DTC '3130B' - Plug 'n Play adapter

. SCSI-1, SCSI-2 and Fast SCSI-2

• 50-pin low & high density conn.

• 133mB/s(host bus),1OmB/s(sync burst)

• Multi·p latform compatibility

• New, 90-day warranty

HSC# 19656

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

• Can be rack mounted, IEC pwr conn.

. Ask abt. SCSI1 & SCA trays available

• HSC 90-day warranty

HSC# 19704 $29.501

HSC# 19434

.
HSC# 19654 $4.9511

HSC# 19622 SPECIALlI...3 FOR $991 $37.5011

RAID Enclosure VideoAgile Processor

POWERWARE3115 UPS
'Series 3' Power Protection!

Protect yourself from power failures,
surges and sags...

Power Management Software included
for LAN monitoring & shutdown
capabilities.

User-replaceable batteries!

User-selectable voltage ranges
prevent unnecessary battery drain

Economical power protection for
PCs, workstations, point-of-sale
systems, network nodes...more!

New, boxed, HSC's so-oay warranty

$39.95

Since 19631...

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

95051 Terms: Some quantities limited; all items are subject to prior sale. Mini mum order:
$10.00 plu s sh ipping. Orders under S20.00 subject to $2.00 handling fee,~
~' All orders shipped by UPS Surface unless otherwise specilie d. $6.00 UPS
charge added lor COD. Visit our website lor detailed information on domestic and
international shipping methods.

• WYSE 'Winterm 2315SE'

• Virus-prool - high security

• Easy access to server apps.

• Up to 32 users/servers, tiny lootprint

• Std. VGA & 10BaseT network conn.

• Mouse, keyboard & power supply incll

Win-based Terminal

4.3 GB SCSI 1/2 HEIGHT
• ST15150N hard drive

• 21 Hds, 11 Disks, 3,711 Cyl.

• 7,200 RPM, 9.0 mS avg. seek

• HSC 90-day warranty

• 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

9.1GB ULTRA SCSI
• Seagate ST19171WC, 80-pin SCA

• 7200RPM, 4.17mS avolatency

• Average seek: 9.5 mS

• HSC 90-day warranty

HSC# 18753
$19.951

HSC# 18412
$14.951

50 Watt Woofer
• 'MG Electronics' Model No. 6020SH

. 50 Watts RMS, 100 Watts peak

. 40·8000Hz, Free Air: 55Hz

• 90dB SPL, 8 Ohms, 6.5" dia.

. 20 oz. ceramic magnet

• New, boxed, wlhole -cutting template
Specia l!...Two lor $19.95!

HSC# 19623 NOW $12.501

HSC# 19433 $19.95

SCA to SCSI 1 Adptr
• Converts SCSI1 to SCA wide

• Standard 4-pin power connector

• Jumpers lor LED,SYN,DLY,MTF,IDO-3

• Jumpers & conlig sheet incl.

• New,9O-day warranty
Special !!...just 57.50 ;
w/iHJY. SCSI H. Drive •

$24.95

7-Bay Tower Case

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

PCMCIA to ATAPIl

Disk Drive Deals!
• Wide to std . SCSI adapters - $7.50!! - See HSC#SCS3700, this ad.

Hitachi 18GB SCSI-3
• Model No. DK319H-18WC SCA Drive

• 7198RPM, 7.5mS avg. seek

• Formatted Cap:18.4 (512Byte/pSec .)

• HSC 90-day warranty

Quantum 18GB SCSI-3
• Model No. QM318200TD SCA Drive

• Formatted Cap: 18.2GB (1KB/Sect.)

• 7,200 RPM, 7.5 mS avg. seek

• HSC 90-day warranty

• SSP Argus 2000 ISA-type reader/writer

• Dual PCMCIA Type 1111 , or one Type III

• DOSIW3.1 driver diskette included

• Win95/98/NT ready

• New, wflnterface, manua
& cables

• Can handle seven 5/25" drives

. Incl 200W pwr supply, drive slides,
7-drive daisy-chain cabl & IEC pwr cord

• Removable front and side panels

• Quantity discounts available!!

• HSC 90-day warranty

• Promise 'Duet Station Traveler Kit'

• For PC wlType 2 or 3 PCMCIA slot

. Id's as a std IDE/ESDI HD controller

• New, boxed, w/driver/app diskette

• 90-day warranty

Firewire Card!
• Actiontec's Internal PCI1394 Firewire

• Capture, edit and email digital videos

• Interface cable and install CD incl.

• Compatible with many cameras

• New, OEM pack

• HSC 90·day warranty

HSC# 80544 $29.50

HSC# 19627 $29.50 1

PCMCIA Card Reader
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Reader Feedback
~

Dear Nuts & Volts:

In the April '03 issue, George Whitaker
wrote an article in the "Just For Starters"
column about diode theory. He is teaching
CCF (Conventional Current Flow), which is
outdated material as seen in your
published article on page 40 of your July
2002 issue by Louis Frenzel.

If I were a beginner and knew from my
science class that electrons are the current
carriers in wires, this article would be
negating all I had learned. I thought
someone ought to mention it, since the
author failed to do so.

By the way, anyone who still thinks that
current travels from positive to negative is
now challenged to defend their faith and
explain how any common heated cathode
vacuum tube works. It seems to me that
electrons are the pieces of matter that
move from the negative cathode to the
positive plate through a vacuum. I wish
Louis had used vacuum tube theory to
support electron flow, as this hammers the
nails in the CCF coffin as far as I'm
concerned. Gee , I wonder why they are
called "electron" tubes?

Kevin Kaas
via Internet

Response:
I concede that in the theoretical

sense, you are right. My approach, both
in my books and in my own thinking, is
to take a practical approach. In my

book, I tell the student that I don't expect
them to design a diode or integrated
circuit; I just want them to be able to
visualize what is going to happen and
what to do if it doesn't. My approach is
purely practical.

In fact, in my books I admit to the
reader that I have sometimes
compromised theory in order to simplify
the result. I want them to understand the
result without iieuitu; to deal with what
happens on a molecular level. An auto
mechanic can be extremely good at
repairing engines without haVing the
theory necessary to design one.

I agree, however, that we should run
your letter and my explanation. The
readers can make up their own minds as
to which approach they wish to take.

George Whitaker

Dear Nuts & Volts:
I teach a Tech Prep Electronics class

and find there are students who love to
experiment, your publication is a great
source for locating materials and unu sual
electronic devices.

Peter Mayeux
via Internet

Dear Nuts & Volts :
Great maga zine! Seeing the PIC stuff is

getting me back into electronics.
William Clugston

via Internet
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Understandingl Designingl and Constructing Robots & Robotic Systems

Amateur Robotics
Getting Started In Combat Robots - Part I

Getting Started
The re are several questions you

JUNE 2003

390 pounds. Very few competitions
allow all weight classes.

Safety - Safety is the most
important thing to keep in mind when
building or competing. Personal safety
while building and testing the bot is
your responsibility. Don't use a torch if
you don 't know how. Get some help .
Don 't stand too close when driving.
Event safet y is a shared responsibility
between you and the event organizer.
The organizer will provide a safe venue
for you to play, but you must recognize
proper behavior in this setting. Among
other things, don't grind or weld in the
pit a rea and neve r turn on your bot
without a frequency clip.

"How much did it cost?" There are
those that put tens of thousands of
dollars into their bots. You don't have
to do that to get started. In fact , there
are a lot of people getting started for
less than $100.00 by building one
pound bots. I'm going to concentrate
on a 12-pound bot that can be built for
around $600.00 - less if you shop
around.

Getting you to build the same
thing I do is not my goa l. You should
choose your own des ign and try to
build it from parts you have readily
available and attempt to get started as
cheaply as possible. You might even
save a little more cash if there is a
competition within driving distance.

Rules - To get started building
for a local competition, you will need
to know the rules of the game. Thanks
to a new organization called the Robot
Fighting League (www.botIeague .
com), many local events are using
very similar rule sets. The RFL was
started for this and a couple other pur­
poses. Now, everyone should be able
to build and compete in several differ­
ent competitions with little or no mod­
ifications to the ir bots. Complete rule

sets for all the RFL member
organizations are available on
the RFL web site.

The major rules theme in
all but a few organized compe­
titions is that only kinetic ener­
gy weapons are allowed. That
means hammers, spinners,
and lifters. That also means
you can't strap a shotgun or
plasma cutter to your bot.
Flames are allowed in some
com petitions but most leave
them out because it is too dif­
ficult to get the fire marshal to
approve them for use in the
venue. The other major theme
in the rules is the weight class.
There are about nine different
weight classes that you can
build in starting at one pound
and going all the way up to

lu,

The
Wedge

Bot

SllIe

sport Description
No doubt most of you have

watched at least a couple episodes of
Battle fsots or Robot Wars - robots
fighting on TV. It's even more likely
that you've read articles in this maga­
zine detailing some of the coolest bots
in the game. I believe this is the first
series written showing what it takes to
get started in this new techno-sport.

There is one thing you should
understand when getting into this . It is
not all about destruction. In fact , it's
mostly about learning . Builders spend
months researching, des igning, build­
ing, and testing their creations - only
to spend a few minutes in the arena
against the ir opponents.

When the match is over, both
teams rush back to the pits to figure
out the best way to get their machines
back in working order for the next
bout. One of the greatest things about
all this is that teams typically help
each othe r get read y, even if they
caused all the damage. There is a
tremendous sense of community
between builders.

Costs - The first question almost
everyone asks about a fighting bot is

8
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CPIO
'9 IO ports,
·Input or Output
·PWM on each port
·Serial Interface.

CPSERVO
'Control 9 servos .
-Preqremcble
'Rock Solid
·Ser ial Interface

'O nline St ore
.In f ormation
' Software
.Projects
'PC Boards

$17.95

$17.95

( -_ -,- ' ) .'
.".. aro. I'TTrl-

l ~i':'~

C ircl e #1 39 o n t he Re a d e r Service C ard.

CONTROL
YOUR

WORLD

Krono« Robotics
<Inti El«tton;cs

With the

~
703-779- 9752

Integrated Development
Environment

For use with both DL.eand Dios Ultra

~:1II~;::=~Zl 'Free No C1Iargejj _ .Integrated Help
·Error Tracking
'Conversion Utility

'~'IIIII ' DebUg Terminal
\:; 'Utility Terminal

.Include Files
"'"1" ,,--- ----i ·File Templates

'Library Manager

'Designed for I n-Circuit Programming

'Self conta ined I Built-in Engine
'300,000 lines of basic code per second
'Visual Basic Type Language
·1500 Byt es of Ram
'Libraries with local and global variables
'F loating Point and St r ing Variables
-In llne Assembly
.I2c,1Wire ,SPI
.Interrupts I Arrays
·No High Priced Development platform needed

Several Form Factors and Options
Available

Most of you know what tank -style
steering is, so I won't go into great
detail. Basica lly, it is accomplished by
turn ing on one side of the bot or the
other or both to get it to go in the direc-

Tank Steering

channel radio. The drive mechanism
requires both channels to operate. If
you plan to build a bot with an active
weapon, you should start out with a
radio that has at least three channels.

have to ask yourself when getting start­
ed. You have to know the rules . You
have to figure out what materials to
use . You must come up with a strate­
gy. There are a coupl e more we'll cover
later. Since you 've checked out the
RFL web site , you already know the
rules and which materials are not
allowed.

Different types of bots require or
inspire different strategies. I've chosen
the wedge bot for this article . The
wedge bot can fair well against spinner
bots. When it co mes to bot weapons,
there is always a rock-paper-scissors
relationship. No single design is the
killer app. The wedge is one of the sim­
plest des igns to build. The compound
wedge has a rounded profile and
slopes upwards sharply - much like a
bulldozer blade. The flat wedge is just
that - flat. For simplicity 's sake, we
will incorporate the flat wedge into our
design, although I like the compound
wedge better.

So , my strategy is to get under my
opponent and push them around the
arena, slamming them into the walls
and/or using arena hazards as my
offensive weap ons . I also want the bot
to be effective if it gets flipped over. To
do this, I'll shape the main body like a
piece of cheese and have the drive
wheels extend above and below it. The
wheels will also extend past the back
end of the wedge , making it impossible
for any opponent to get us off our
wheels and stick us there. Now that the
strategy is set and a basic design is
derived from what we want to accom­
plish, we ca n get down to the "nuts and
volts" of the bot itself.

Remote Controls
You have to have a way to control

the little beast. My preference is to slap
a PIC controll er in there and let it run
by itself, but since the game is for
remote-controlled bots, we'll have to
choose a remote control unit.

The standard ground frequency in
the US is 75MHz - and that is exactly
what the rules call for. The rules also
specify FM instead of AM. However,
I've got a couple Airtronics , 75MHz,
AM radios lying around, so I'm going
to use one instead of buying a new
controller. After all, I don 't plan to com­
pete this bot except in the driveway.

If that is your plan as well, you can
pick one up at TowerHobbies.
com for about $50.00. This is a two-

JUNE 2003
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sure to get caps rated for three times
the operating voltage since high-volt­
age spikes can be generated.

The third common problem with
your radio will be antenna placement.
Do not seal your receiver antenna
inside a metal box, like the body of
your bot. My bot here will have a poly­
carbonate rear end so the signals will
be able to get in. If your bot is com­
pletely made of metal, you will need to
mount your antenna on the outside.

Motors, Wheels, and
Speed Controllers

The radio system has been fig­
ured out. Next up , we have the motors
and electronic speed controllers
(ESCs) . There are so many ESCs
available for combat robot use that
you can pick your motors and then
choose the controller that will handle
the voltage and amperage requ ire­
ments. Since this is a small , light bot,
I decided to use a six-volt motor and
gearbox from a ch ild's power car. You
can pick these up for $6.50 ea ch at
AIIElectron ics .com. The downside is
that you have to adjust your wheel size
to get the speed you want since the
gearing is already in place. Simple
math will tell you what size wheels you
need.

The output shaft turns at 60 RPM.
Your wheel will sp in at the same rate .
Sixty RPM is slow for a combat bot,
even with very large wheels. I plan to
run the motors at 8.4 volts instead of
six. This will increase the speed of the
out put and the current drawn. Though
the RPM won't quite double, I'm going
to plan for it for simplicity's sake. So at
120 RPM, I started to figure out what
wheels I needed to reach a target top

speed of between four
and eight feet per second.
That is a little bit slow, but
for a beginner bot , I'd
rather keep it slow and
controllable than have the
dr iver lose control and
tear something up .
Ordina rily, I try to get a
top speed of between 10
and 15 feet per second.
You can do whatever you
like.

A little math reveals
that an eight-inch wheel at
120 RPM will give us a top
speed of about four feet
per second. First, convert

24 Inches

2880ln/mln

_ 2880_
- 120 -

Find ci rcu mference of wheel

Find diameter of wheel

c= Speed
RPM

o = 0/11" = 2%.14 = 7.64 Inche s

featur e that you might like to use
on your bot. It will invert the con­
trol channels if the bot gets
flipped ups ide down. If you don 't
have the invert feature , forward
beco mes reverse , left becomes
right , and so on while driving. It's
something I'm used to already,
but wouldn't advise.

RC Problems
Every so often you will run

into problems with your radio con­
trol system. There are three things
that you can pay attention to in
order to minimize the gremlins.
The first is the radio power supply.
Keep the transmitter and receiver
batteries charged. If just one of
these batt eries drains, your bot
won't do a thing . You can replace

the receiver battery with a Battery
Eliminator Circuit (BEC). The BEC
converts the main drive batte ry volt­
age down to five volts to run the
receiver. You can do the same with a
7805 voltage regulator, but you won't
get the true ground isolation offered
by a BEe. That ground isolation will
help battle another problem that
creeps up on your radio.
TeamDelta.com also has BECs for
sale.

Power wire noise and RFI created
by the sparking of a motor's brushes
can cause loss of radio signal. The
BEC can help with the power wire
noise. Cap acitors will help with RFI.
Some builders install a single capaci­
tor across the brushes of each moto r
in the bot. Other builders install two
more caps - one from each brush to
the motor housing. Start with caps

betwee n O. l uF and O.Ol uF. Be

10

tion you want. Tank steerin g is most
easily ac complished with a joystick­
style radio since you can control each
side of the bot separately.

When using a pistol grip radio like
mine , ordinarily the trigger controls
the throttle and the wheel controls the
ste ering . This means I have to use a
device to combine the control chan­
nels so that they work with the tank
steering desig n. This specific device is
called an elevon mixer, and is general­
ly used in model airplanes.

You can pick one up on the
Internet at several places for between
$16 .00 and $40.00. I'm using one
from my parts box that came from
www.planes-wings-things.com (going
out of business, you can get mixers
at www.robotlogic.com) called the
MK1.0. The high-end mixer can be
found at TeamDelta.com and has a
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TINY, HIGH TORQUE, MICRO-MO
DC GEARMOTOR, with 76: 1
Gearbox & Magnetic Encoder!
NEW! Careless DC·Micromalor with
precious melal commutatio n wilh a
low inductance, ironlessrotor coil.
Efficiency is increased by the
elimination of hysteresis & core (iron)
losses. Extremetylighl rotor & has
low inertia & no cogging as with
convenlional DCmotors. Specs:
16mm Diam. x 28.6mm l, 6mm l x
1.5mmD shaft. leppr; magne tic. 2
chon. encoder. Spur gearbox with
metal gears and ceramic outpul bearing. Motor
weight is 0.350z. Gearbox weig ht is0.140z.
Operoting voltage : 2-6VDC. Nl current: 8-14mA .
Two mIg. screws. A rore find. Don't miss out .
MICRO-MO-761 $1gea. or 4 for SS9

SUPER, f1.B, lOxSURVEILLANCE LENS,
Perfect lor long range observation.

New, FUjinon.
11mmto
110mm
ZOOM. std.
C-Mount.
Make any
camera a
long range slealth-com! WOW' Provides 20X on a
1/3 ' CCD camero. A super lens. Reg. price $800
SPECIAL, 11-11OZM-1....S19 g ea.

Our Co-Processor adds
SUPER NEW FEATURES to
the best of the usual ones.
Really Steps UP a Stamp.
See how far our Products

take YOU I

NEW, SECURITYMONITOR
9", HIGH RESOLUTION
Commercial quality. Hi-resolution Block &
White monitor. Adu alty a doctor
Brond new, 90 would call it a anrilhroscopic
day wor ronty. borescopes. Super high quality
BNCvideo in and med ical grod e. Direcl view
loop through . eyepiece & stondord 90
Rugged block degree ext. lighl port. Size,
steel case. 1000 6.5·l X 7.5mm diam. 55lube
line resolulion. w ilh the objective end optic
You will be angled 30 degrees for eosy
amazed 01how much better this monitor will viewing of surround ing orea .
make your video look! There is no subslilute Thiscan get you in a lighl spot!
for a real monitor. Reg. price, $800ea .
BWMON ITOR-9HR••••••S8 g ea . BORESCOPE•••••$22gea.

Chris Hannold has been an electronics and robotics hobbyist for 20
years. He's been involved in combat robotics for over five years with
the following accomplishments: Published by McGraw-Hili in August
2002 - Combat Robots Complete -ISBN 0-07-140888-6; Will be
published by McGraw-Hili in June 2003 - Combat Robot Weapons;
Organizes and produces the combat bot event, NC Robot StreetFight;
Competed in Comedy Central's BattleBots, TNN 's Robot Wars, and
TLC's Robotica ; Designed and built 10 combat robots; and Maintains
a website with over 600MB of pies and video at www.ncrsf .com.

PULNIK, TMClINDUSTRIAL 1/ 2", NEW, VIDEO MOTION SENSOR.
COLOR CCD CAMERA, wi th 16mm, Connect 10 any standard video signal and

.-- - - ----.. / 1Pentax Lens. For No Comprom ise you've got on
Performonce. Specs: 112' CCD. 460 Linesres.. electronic
768H x 494V Pixels. 2 'w alchman' ; '" : : : ., 'i' "
lu x sens. @fi .4, Auto/ diligentiy w alching the enlire scene. Or any
Ma n AGe. AutolMan '1' adjustable sized area with in the scene. Such
Sbutter: 1/60 to 1110.000. remole control as a doorway or even a drawer or cobinel. A
via 6 pin connector (nol incl.)AutolMan wMe slate of the art security aid. The unit will close
balance, External manual gain & hue adj .Color filter. a contacl when it senses a change. Aula or
12VDC@3OOmA. Pwr. supply & 16mrn fi .4 lens incl. manual reset. Internal buzzer wi th voiume
Std. NTSC video out on BNC.YIC IS-Video) oul on 12 control & adj . on lime. VCR record and VCR
pin connector incl. Compad: 1.6"Wx 1.25·H x 5.5·L stop output.luse wilh time lapse VCR.lllOVAC
Used, excellenl condition, Regulor price $600. pwr. Adjustab le sensitivity. Video loop
TMC-7 ••••S14gea. or 2 fo r S2 49 through . VM10••••$ 17 g ea.

four feet per second by using conversion factors and you get
2,880 inches per minute . Divide that by the RPM of your
motor and you will have 24 inches per revolution, or the cir­
cumference of your wheel. Circumference is equal to Pi times
the wheel diameter. Since we know the circumference, divide
it by Pi and we'll have the wheel diameter of 7.64 inches.

Summary
So far, I've only been able to hit a little det ail of what is

to come in the following articles. I've talked about the sport
- if you call it that - of com bat robotics, if you call them
robots. It doesn't matter to me , really. I'm having fun and I
think you will too. You should definitely look at the RFL web
site for rules and competitions in your area . We've chosen
our style of bot and strategy for this project and have decid­
ed on the radio control system and drive motors.

Next month, we'll pick our wheels, speed controllers,
and batteries. I'll tell you about all the different speed con­
trollers available today. We'll also pick so me materials and
start putting the fram e together. NY

NEW,2.4GHz ANTENNAS, PERFECT lor LON G RANGE VIDEO or WIRELESS LAN APPLICATIONS. FIVE MODELS AVAILABLE, ACHIEVE PERFORMANCE YOU
THOUGHT IMPOSSIBLE! FIVE M O DELS: TWO OUTDOOR PARABOLIC, A RADOME PROTECTED YAGI, 9c1b OMNI WEATHERPROOFor TABLE TOP !

Choose from Ihe LARGE. 24dB. 10deg . beam wi dth or the MEDIUM. 20dB. 13 deg . beam wi dth PARABOLICDISH.
(shown for leftl each provides on environmenlally sealed ' N' type mo le lermino tion ottoched to a 30- long coble.
Lorge size is 27' x 30' and w eighs 5.3 lbs, Ihe med ium size is 20· x 24' and w eighs 3.6Ibs. Can be either horizonla l
or vertical po lorization. Quasi l og Period ic end fire orra y feed. Bolh have a commerci al quality. light grey. powd er cool

finish. California Ampl ifier PIN's:130135 & 130120. Omnidire ctional types, one is
a ' Rubber Duck' style. Ihe surface rnount lshown neor leftl offers a block, 114
wove rod iator. The overoll size is 3.5·H x 2.7" diom. bose. A five fool long
RG58-AU cobl e is terminoted with a gol d. SMA female connedor. The 9db _ "
ornni, Proxim PIN 7014-05.lshown neor rlghtl is a ridgid lube , 24' l x 1.6' ma x. diem . ""-.)

Weather proof. Std. 2' pipe mtg. hardw ore incl. Female TNC conn ector. Both omn is ore blo ck. A UV stable. polycorbonat e. rad ome protects the
13.9dB YAGI. type PC2415N from Cusheraft . (shown for right l Max. input power is 500 Wa"s . Ihe 15 element. one piece radialing design is extremely rugged. Size is 26·l. we ight is 1pound. Anlenna is
lerminaled through a pig tail connector to a ' N' type female connecl or. PARABOLIC 24dB..S129, PARABO LIC, 20dB..S99, DESK OMNI..S5eo, 9db OMN I..S6gea, YA G I..S8geo.
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Tickle-Stick

~
Super broadband preamp from
100 KHzto 1000 MHz! Gain is -j

greater than 20d B while noise is less
than 4dB! 50-75 ohm input. Runs on 12-15 VOC
SA7 RF Preamp Kit 519.95

Encodes OR decodes any tone 40
Hz to 5KHz! Add a small cap and it
will go as low as 10 Hz! Tunable with
a precision 20 turn pot. Runs on 5-12 VOC and
Will drive any load up to 100 mAo

TDI Encoder/Decoder Kit $9.95

Electronic Siren

~
Voice activated (VOX) provides a
switched output when it hears a
sound. Great for a hands free PTT
switch, or to turn on a recorder or light! Runs on
6-12 VOC and drives a 100 mA load.
VSI Voice Switch Kit $9.95

~~f.tJ~·
~i
ob noxious, repetitive "plink, plink"
sound! Learn how a Simple transistor
oscillator and a 555 timer can make such
a sound! Runs on 4-9 VOC

EDFI Dripping Faucet Kit $9.95

Build anything from a time delay
to an audio oscillator using the
versatile 555 timer chip! Comes
with lots of ap plication ideas. Runs on
5-15 VOC
UT5 Universal Timer Kit

Universal Timer

Produces the upward and dow n­
ward wa il of a police siren.
Produ ces 5W output, and will drive
any speaker! Runs on 6-12 VOC

SM3 Electronic Siren Kit

Super se nsitive amplifier that will
pick up a pin drop at 15 feet! Full
2 watts output. Makes a great "big
ear" microphone. Runs on 6-15 VDC
BN9 Super Snoop Amp Kit

Touch Tone Decoder

Touch on, touch off, or momentary ~ ~. •
touch hold, your cho ice! Uses CMOS
technology. Runs on 6-12 VOC and drives any
load up to 100 mA.
TSI Touch Switch Kit

The kit has a pulsing 80 volt
tickle output and a mischie ­
vous blinking LED. And who
can resist a blinkin~ light! Great
fun for your des k, 'Hey. I told you not to touch!"
Runs on 3-6 VOC

TS4 Tickle Stick Kit 512.95

Touch Switch

Stra ppable to detect any single
OTMF digit. Provides a closu re to
ground up to 20mA. Connect to .••.•••••••
any speaker, detector or even a phone
line. Runs on 5 VOC

TT7 DTMF Decoder Kit $24.95

I!mm!I
Our #1 Mini-Kit for 3 1 years!
Alternately flashe d two jumbo red
LEO's. Great for signs, name badges,
model railroading, and more. Runs on 3-15 VOC
BLl LED Blinky Kit $7.95

tI' Fully frequency synthesized. no frequency drift !
tI' Ideal for schools
tI' Microprocessor controlled

Run your own radio station! The AM25 operates anywhere with in the stan­
dard AM broadcast band, and is ea sily set to any clear cha nnel in your are a. It
is widely use d by schools - stand ard outpu t is 100 mW, with range up to '/4 mile, ,
but is jum per settable for higher output where regulations allow. Broad cast frequen­
cy is eas ily set with dip-switches and is stable without drifting. The transmitter accepts
line level input from CO playe rs, tape decks, etc. Includes matching case & knob set and AC power SUPplY:

AM25 Professional Synthesized AM Transmitter Kit $89.95 59

tI' Tunable throughout the FM band. 88 · 108 MHz
tI' Settable rre.emphasis 50 or 75 IISec for worldwide operation
tI' Line leve inputs with RCA connectors

The FM1OA has plenty of power and our manual goes into great deta il out­
lining all the aspects of ante nnas , transmitting range and the FCC rules an d
regulations. Runs on inte rnal 9V battery, external power from 5 to 15 VOC,
or an opt iona l 120 VAC adapter is also availab le.

FMIOA Tunable FM Stereo Transm itter Kit
CFM Matching Case & Knob Set for FMIOA
FMAC IIOVAC Power Supply for FMIOA

Tunable AM Transmitter
tI' Tunes the entire 550-1600 KHz AM band
tI' 100 mW output. op'erates on 9· 12 VDC
tI' Line leve l input With RCA connectors

A great first kitband a really neat AM transmi tter! Tunab le th roughout the e ntire
AM broa dcast and. 100 mW outp ut for great range! One of the most popula r
kits for school s and scouts !
AMI Tunable AM Radio Transmitter Kit
CAM Match ing Case & Knob Set for AMIO
ACI25 1l0VAC Power Supply for AMI

Synthesized Stereo FM Transmitter
tI' Fully synthesized 88·108 MHz for no drift
tI' Line level inputs and outputs
tI' All new design. using SMT technology

Need profess ional quality features but can't justify 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 ea sy freque ncy programming with­
ou t the need for look-up tables or complicated form ulas! The transmit fre­
quency is eas ily set using OIP switches; no need for tun ing coils or "tweak­
ing" to work With today 's 'digital' receivers. Frequency drift is a thing of the
past with PLL contro l ma king your signal rock solid all the time - just like
comme rcial stat ions. Kit comes complete with case set

r
whip ante nna, 120 VAC power adapter, 1/8" Stereo to

RCA patch cable, an d easy assembly instructions - you'l be on the air in just an evening!

FM25B Professional Synthesized FM Stereo Transmitter Kit $119.95 $n 5

tI' Frelluency ra nge 87.5 to 108 MHz
tI' Variable I to 40 watt power output
tI' Selectable IW or 5W drive

At last, the number one requested new product is here! The
PA100 is a professi onal q,uality FM power amplifier with 30-40 •
watts out put that has vanable drive capabilities. With a mere one •
watt drive you can boost your outp ut up to 40 watt s! And this is
continuousl y variable throu gho ut the full range! Ifyou are currently using an FM
tran smitter that provides mor e than one watt RFoutput, no problem ! The drive input is se lectab le
for one or five watts to achieve the full rated output! Features a multifunction LEO display to show you output
power , input drive, VSWR, tem perature, and fault conditions. The built-in microprocessor provides AUTOMATIC
protection for VSWR, over-drive, and over-te mpe rature. The built-in fan provides a coo l 24/7 contin uous duty
cycle to kee p your station on th e air!

PAIOO 40 Watt FM Power Amplif ier. Assembled & Tested $549 .95 $59



Ion Generator

Trl-Fleld Sci A Heter

t/ Negative ions with a blast of fresh air!
t/ Generates 7.5kV DCnegative at 400llA
t/ 5teady state DCvoltage, not pulsed!

This nifty kit includes a pre-made high voltage ion
generator potted for your protection , and probably
the best one available for the price. It also
includes a neat experiment called an "ion wind
generator". This generator works great for pollu- •
non removal in small areas (Imagme after
Grandpa gets done in the bathroom! ), and moves
the air through the filter simply by the force of ion repul- • ••
sion! Learn how modern spacecraft use ions to accelerate thro ugh space.
Includes ion power supply, 7 ion wind tubes, and mounting hardware for the ion
wind generator. Runs on 12 VOc.

IG7 Ion Generator Kit $54.95 $6 5
AC125 110VAC Powe r 5uppl y $9.95

t/ Gene rate r sparks to a handheld screwdriver!
t/ Light fluorescent tubes without wires !
t/ Up to 25kv @ 20 KHz!

This is one heck of a neat kit! Hey, it really
serves no purpose other than producing stun­
ning lighting displays, drawing big sparks,
scaring the neighbors and peiiorming lots of
high voltage experiments. It can also be used .'
for powermg other experiments; let your imaginat ion
be your guide! The high voltage at the terminal won't
electrocute you, so it's relatively safe, but it can burn you, so use caution. Runs
on 14 VAC but can also be run from 5-24VOC so the output voltage can be direct­
ly adjusted.

PG13 Plasma Generator Kit $64.95
PS12 14VAC Output 110VAC Power Supply $19.95

. .• - • • • . • flIJtCl
t/ No more HV or Xenon strobe tUbeS!~~ i'" ~• •

t/ Super Bright LED's - won 't burn out!
t/ Audio triggered or variable flash rate !

A 3x3 array of su('er bright Telux'" LED's creates a
brilliant sharp flash just like a Xenon flash tube. In
the standard flash mode, a variable rate control varies
the flash frequency from approx 1 to 220 flashes per sec­
ond. In the audio sync mode, the flash is triggered by any
audio input you provide into the standard RCA audio input con­
nector. Built-in low and high pass filters allow you to select either
base or treble music triggermg! An external trigger in/out connector lets you con­
nect multiple units together for simultaneous flash. Just imagine surrounding your
room with a few of these, triggered to your stereo! Be one of the first to experi­
ence the new high output LED's of 2003!

LEOS1 High Power LED Strobe Light Kit
CLEDS Matching Case & Knob Set For LEOS1
AC12S 110VAC Power Supp ly

~f.I'§!J .
t/ SEE RF, electric, and magnetic fie llf5'!':"''" i'"

t/ Watch the magnetic field of the earth!
t/ Sense different magnetic poles!
t/ Detect RF transmitte r fie lds !

This really neat project actually senses and detects magnet­
ic fields, RFfields, and electric fields! The TFM3 has three
separate field sensors that are user selectable to provide a
really cool readout on two Sci-Fi styled LED bargraphs! Utilizing
the latest technology, including Hall Effectse nsors, you can walk
around your house and actually "SEE"these fields around you! Also detect radia­
tion from monitors, TV's, electrical discharge , and RFemissions. You will have fun
finding these fields and at the same time learn the techn ology behind them.
Runs on 6VOC (4 AA batteries, not included) . live long and prosper!
TFM3 Tri-Field Meter Kit $39.95

Electronic Learning Labs

TXEA Transmitter /Encoder

t/ 433 MHz or 916 MHz data transmission Now you can build those spe-
t/ Factory assembled and tested! ciaI remote control prol'~cts in
t/ 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 app lication- sen ding data, car alarms, door openers, home
security, electronic monitor ing...you name it. All modules are pre-assembled and
tested so you can start your project today! Two versions are available - 433 MHz
and 916 MHz, 916 units can use sho rter antennas (3 inches) and are better in
high RFenvironments, while the 433 units have bette r range but need larger
antennas (7 inches). NEW for 2003! A-Series modules include a programmable
dip switch for encoder/decoder settings, and common dual row pm-outs for easy
integration into your equipment!

RXD433A 433 MHz Receiver/Decoder Module w/Dip Switch $39.95
TXE433A 433 MHz Transmitter/Encoder Module w/Dip Switch $37.95
RXD433 433 MHz Receiver/Decoder Module, Assembled $34.95
TXE433 433 MHz Transmitter/Encoder Module, Assembled $32.95
RX433 433 MHz Data Receiver Module, Assembled . $29.95
TX433 433 MHz Data Transmitter Module, Assembled $24.95
RXD916 916 MHz Receiver/Decoder Module, Assembled $34.95
TXE916 916 MHz Transmitter/Encoder Module, Assembled $32.95
RX916 916 MHz Data Receiver Module, Assembled $29.95
TX916 916 MHz Data Transmitte r Module, Assembled $24.95



The Business of Electronics Through Practical Design and Lessons Learned

In The Trenches
Managing People

M
anaging people is something
most engineers will be
required to do at some point

in their career. Either workplace
advancement places them in a man­
agement position or else, as an entre­
preneur, they are required to hire and
supervise employees. In either case,
the engineer is often not prepared for
such a ch ange in roles . This can lead
to problems.

The Management
Dilemma

First of a ll, there is a general
pro blem that occurs when managing
technical or scientific people. Sh ould
the manager be technically-oriented
or should the man ager be business­
oriented?

The technical manager will have
a be tte r grasp of the technical
as pe cts and can make better techni­
cal decisions. However, such a per­
son often has little or no training in
how to manage pe ople. This can
result in personality conflicts and sig­
nificant friction. Part of this problem
stems from the personality traits and
educational ba ckground of technical
pe ople, in general. (Note the "in gen­
eral" phrase, please.)

Technical pe ople are used to
solving problems logically. Often this
problem solving is done privately.
The person researches the problem,
runs tests, and comes to a conclu­
sion. Then this conclusion is present­
ed an d defended. So , this person can
often equate any criticism as a per­
sonal attack. Additionally, this per­
son, in a manager role , ma y not rec­
ognize that emotional issues as well
as logical ones need to be addressed.
Peo ple are emotional. And emotions
are important to the well-being of any
person.

However, the technical manager
can often provide assistance in solv­
ing technical problems. What's more,
a good technical manager can play
an important leadership role in devel­
oping the talents of other technical
employees . Clearly, these reasons

1--- +------''-
14

are important considerations for a
technical manager.

A business manager has differ­
ent problems. Obviously, th is person
cannot provide technical assistance
in problem solving. This tends to iso­
late the technical employees from
management. This can result in a
serious division between manage­
ment and the technical staff.
Additionally, business decisions
about technical issues do not always
make sense to the staff. This can cre­
ate the impression that management
is clueless, arbitra ry, and dysfunc­
tional. Finally, this manager must
depend up on others to explain the
technical details. This makes him vul­
nerable to manipulation by those he
listens to.

The good points of a business
manager are that this person under­
stands how the engineering group
fits in with the rest of the company.
Additionally , the business manager
usually has a better understanding of
how to work with pe ople. This man­
ager usually can prov ide better finan­
cial and business decisions. And ,
since he is not personally involved
in the technical issues, he can
dispassionately choose between
alternatives .

Most companies recognize th is
dilemma. Sometimes, they put a
"technical manager" as the head of a
department. This is a person who
has both experience as a manager,
as well as some technical back­
ground, but often not an engineering
degree. This is obviously a compro­
mise. But , it often works well.
Unfortunately, sometimes these peo­
ple are hired from outside the com­
pany. This is because of fear from
"The Peter Principle."

The Peter Principle
In 1969, Dr. Laurence Peter pub­

lished a small book called The Peter
Principle: Or Why Things Always
Go Wrong. It's based on common
sense and observation. The premise
is that successful people are promot­
ed again and again until they reach a

position where they fail and are no
longer promoted. Since companies
rarely demote pe ople, the result is
that "people are promoted to their
level of incompetence."

Companies don't demote people
because that woul d ac know ledge
that the company made mistakes.
That's not good for the company.
Additionally, demotion s are generally
worse that bein g terminated. The
demoted person feels a se nse of fail­
ure and clearly no longer has much
likelihood of advancement within the
company.

Finally, companies don't want to
te rminate workers th at performed
well in the past. That's not good busi­
ness, either. So, because of concerns
for failure , a min ority of companies
are reluctant to place engineers into
management roles directly.

Why Engineers Often
Fail as Managers

The first and most sign ificant
reason is the lack of "people skills."
Let's face the truth - most engineer­
ing-type people tend to be nerds (I
include myself, here). We are happy
when learning or doing something
new. We tend to work as individuals
and are very independent. And , gen­
erally, we do not win popular ity con­
tests. However, once this is rec og­
nized, we all have the ability to lea rn
and develop these people skills.
Remember, learning is something
nerds do well.

Here are a few "Dos an d Don'ts "
to get you started.

Don't micro manage. When
giving assignments, let the person
solve th e prob lem in his own way.
This is often very hard to do. A man­
ager tends to feel th at his way is best.
After all, he is the manager! Yet, there
are many ways to solve pro blems.
And, in the process of pro blem so lv­
ing, learning occ urs. If you force
someone to follow your solution, th ey
will not learn as much, resent you r
intrusion, and feel stifled . Conversely,
giving latitude increases crea tivity,
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productivity, and good will. Give the
person precise goals, but let that per­
son achieve them on his own.

Don't command. Sometimes
people feel that if th ey're in charge
they must speak with authority. Some
people enjoy this because it makes
them feel important. It's almost
always a mistake. People don't like
being ordered around. A company is
not a military organization. Instead,
develop a team attitude. Say, "I need
you to do ..." rather th an "I want you
to do ..." This subtle cha nge in word­
ing makes a big difference in disposi­
tion .

Listen to what others say. You
may be smart, you may be experi­
enced, and you may be the manager.
But, other people have important
things to say. Never disregard any
comment, suggestion, or cr iticism
from anyone. New ideas are precious
and frag ile. If you ridicule one, you
will never get another. Repressing cre­
ativity is never useful in a technical
area . More importantly, take any criti­
cism very seriously. It takes a lot of
courage to cr iticize a manager. That
means that it is not without merit.
What's more, you can be sure that
your superior is aware of it, as well.

Put yourself in their place.
Think of how you would like your
superior to act to you , then act that
way to your staff. I'm sure you want
your superior to be honest, open, and
helpful to you. So be that way to oth­
ers. This is just common sense, and it
works in most any social situation.

Management Theory
and Styles

Management theory has three
general management styles called X,
Y, and Z. These are based up on the
perception of the worker attitude. A
brief overview is useful as an intro­
duction to management theory. New
theories are always being developed.
There are lots of books available on
the subject.

Theory X says that people don't
like to work and you have to push
them to do so. This style depends on
rigid management rules and beh av­
ior. Threats of disciplinary action a re
fairly common. Motivation is based
on fear. Better performance is felt to
be the result of greater monetary
reward .

Theory Y says that people like to
work. This style fosters creativity. It
assumes that people wan t increased
responsibility and involvement in
JUNE 2003

organizational development. Just pro­
vide the tools and the people will
work happily and responsibly.
Engineers tend to fall into this group.

Theory Z is the "J apanese" style
of management. This involves both
the perception of the worker by man­
agement and the perception of man­
agement by the workers . In general ,
this style softens the lines between
management and worker. It empha­
sizes broadening of sk ills with job
rotation and generalization rather
than specialization .

However, each of these theories
is both right and wrong. The truth is
that no single approach will work for
all people. These theories say more
about the manager than they do
about the workers.

A good manager will use the
proper style for each pe rson in his
group. One person may require an
"X" style of management. Another,
the "Y" style. Others ma y need var i­
ous styles at different times or situa­
tions. Yes, this is ha rd. It takes work to
understand what each individua l
worker wants and ne eds. But th at is
what makes a manager good.

Discipline and Anger

When things go wrong, it seems
to be human nature to get angry and
im mediately blame someone. This is
the wrong th ing to do. If someone
drops an oscilloscope, it is perfectly
reasonable to curse at the loss of the
instrument. It is absolutely unaccept­
able to curse at the person who
dropped it. It is rare that the mistake
happened on purpose (and if it did ,
you have major problems) . So the
proper response is to calmly (stress
"calmly") figure out what happened
and correct the problem.

There will be times when some­
one simply does something wrong .
For example, the PC boa rd is too big
to fit into the selected case. Again ,
don 't vent your anger at the person.
And again, find out why the mistake
happened and correct the problem.

It is un likely that the person delib­
erately made the PC board too large.
Perhaps the specifications were
wrong or outdated. Perhaps the per­
son wasn't paying attention to the
specifications. Perhaps the pe rson
couldn 't understand the specifica­
tions. Whatever the reas on was , iden­
tify it and learn from it. Make sure
everyone gets and uses the proper
specifications - have a meeting to be
sure everyone knows them and

supervise that person mo re closely to
be su re the specifications a re being
followed. Remember, many times a
failure of a subordinate is due to the
failure of the manager. The vast
majority of small businesses fail
because of poor management.

What do you do if someone just
screws up? Let's sa y you assign
someone to meet a big client at the
airport - that person leaves early ,
goes to a mov ie, and neglects to meet
the VIP. Clearly, some sort of disci­
pline is reasonable and appropriate.
Exactly what that is depends up on
the company, VIP, and worker.
However, it is reasonable to act angry
in this instance. Note that the opera­
ble word is "ACT." Again , venting
anger may make you feel good, but it
rarely he lps any situation. It must be
made clear to that person that his
behavior was unacceptable.

(I recommend the book , The
On e Minute Manager, by Kenneth
Blanchard. It is especially useful for
disciplinary situations. ) Note,
absolutely all disciplinary conversa­
tions must be private. Use an office
with a closed door. Cubicles are not
acceptable.

Personal Stress
Management

You have probably noticed that
there is no situation where venting
your anger is useful. So , what do you
do when you feel you need to inflict
grievous damage to something? After
all, when you're angry, which is a very
normal human response, you cannot
manage well. And letting it build with­
out release is not healthy.

One solution I, and others, have
found is to get physical. Any type of
strenuous physical exercise helps
remove the adrenaline that the anger
has generated. Some people find a
lunch time run useful. Others play
racquetball. I find anger can be
relieved by going to the driving range
and hitting a bucket of golf balls.
(While imagining that the ball is
something else .)

The impor ta nt thing is to find
something that works for you . If you
don 't, the anger can, and will, find
some other way out. Unrelieved stress
causes illness and behavioral prob­
lems. Besides, after a catastrophe
has been resolved, no one will object
to the angry manager going out for
an hour and coming back calmer. In
fact , eve ryone will probably
appreciate it.
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Praising Your People
There's an incredibly useful and

powerful motivational tool that costs
nothing. It's simple praise for a good
job. At the start of the day , go over to
that person's desk and assemble
everyone else in the department.
Then just say something like, "I just
want to let everyone know that Bob
did a great job on the widget design
proposal. I personally appreciate the
effort he put in to get it done on time.
He did a great job!" (Note, do this in
the morning, so everyone can reflect
on it during the da y.)

Naturally, there are any number
of variations to this. A special lunch
works well. An award of a simple or
humorous gift is good. The impor­
tant part is the person-to-person
praise. Putting a note in the person's
mail or paycheck has little effect. It
can often backfire by demonstrating
the lack of personal concern.
Employee of the month awards are
not as useful because they are some­
what forced. This is because some­
one has to be awarded each month.

Spontaneous and personal
praise for specific actions is extreme­
ly powerful in creating good working
relationships.

It is important not to ignore any­
one. It is certainly true that some
people do more than others.
Additionally, some people are in
position to have more opportunities
to excel. Nevertheless , you must find
reasons to personally praise each
and ever y person from time to time.
Typically, this should be done no less
than once a year. (Praising everyone
every week will be interpreted more
as cheerleading rather than recogni­
tion.) A public letter of commenda­
tion to the company president after
completing a large project that lists
every contributor by name is always
constructive.

Managing Yourself
Perhaps you've noticed that

managing people means managing
yourself. You probably will have to
change your behavior to manage
well. Certainly you will have to con­
sider th ings you didn't have to con­
sider before. Authority brings the
baggage of responsibility. You are
now responsible for other people's
work and well-being . What's more,
your success or failure depends
upon those who work for you . This
is a big change in your work
perspective.

1--- -+- ----'-
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It may be useful to think of man­
aging people as a new technical
challenge. Remember when you had
to learn about that new program­
ming language or computer ch ip or
software package? Treat manage­
ment in the same way. Get the man­
uals and read them. I've suggested a
couple of books that I've found use­
ful. The library, bookstore, or web
can provide more. Find a style that
you are comfortable with . There is
no best way to manage. It is more
important that you use and under­
stand the fundamental ideas rather
than mimic the actions of someone
else. The people who work for you
are very perceptive and will know the
difference.

There is truth to the idea that the
manager is the leader of a team.
Ever yone on a sports team wants to
win. Each player has a specific
responsibility. And everyone has to
succeed in order for the team to win.
It is your job to foster that desire to
work togethe r toward a common
goal. Learning how to do this is not
impossible. Like any other subject,
teamwork and leadership is learned
through experience, effort, and
determination.

Executive Blindness

There is a tendency for some
people to lose their ethical sense of
direction when moving into a man­
agement position. I call this "execu­
tive blindness." This occurs because
the manager's success is now meas­
ured by the success of the depart­
ment rather than any personal
achievements.

The result can sometimes be a
manager that onl y cares about
results . Company rules , labor laws ,
contract requirements , and plain
common courtesy may be sacrificed
for some perceived advantage. It is
important to realize that this type of
manager doesn't think he is doing
anything wrong.

For example, I was once asked
to design an aircraft instrument
using a specific design technique
that upper management defined. It
turned out that th is method could
not meet the contract specifications
for accuracy. After weeks of memos
and conversations, I asked "How are
we going to meet the specifica­
tions?" The answer was , "We'll cheat.
Everyone else does."

Then there was the manager
who got angry with the workers

using their sick and personal days. It
is vital to realize that the union con­
tract prov ided these days and no
worker was taking mo re time off
than what was allowed under the
contract. Nevertheless, this manager
was angry at these people and delib­
erately took actions to "get back" at
them.

These people have lost their abil­
ity to see objectively. That's why I
call it executive blindness. And it's
something that can sneak up on you
if you let it. The best way to avoid this
is to always be open and honest with
yourself and others. You can see that
these two examples show people
who are aren 't.

If you are a subordinate to some­
one with executive blindness, you
have a problem. These people often
don't listen to reason and are con­
vinced that their behavior is correct.
Going over their head to higher man­
agement often only creates prob­
lems for you . Unfortunately, whistle
blowers rarely fare well. The only
solution I have found was to move.

A company transfer is often a
reasonable po ssibility. If not, a new
job may be in order. Remember that
these people can often become tar­
gets for legal, corporate, or even per­
sonal actions. It isn 't good to be
close to a ta rget. (A couple of years
after I left the "we' ll cheat" company,
a number of managers in that sec­
tion were indicted on federal
charges. )

Managing - a New
Skill

Like an ything else, managing is
both an art and a science. If you are
willing to invest some time and effort
into learning this subject, it will bene­
fit you , as well as your workers and
your company. There is truth to the
statement that "Managem en t is the
art of having people who want to go
in the direction you need."

Management will allow you to
accomplish things you could not do
on your own. No individual can cre­
ate a new car, or new space craft, or
new computer ch ip. But as a manag­
er, you direct these people as exten­
sions of yourself. And in do ing so,
you expand you r ability to accom­
plish larger goal s.

Yet, you a lways must rem ember
to treat these exte nsions the sa me
way you treat your hands or your
mind. If you do , you will be a good
manager. NV
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Basics For Beginners

Just For Starters
Working With Resistors
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upon how much voltage was to be
dropped across that pa rticular resistor.
Or, in other words, the wattage require­
men t for each res istor in the ser ies would
be dependent upon its value of resist­
ance, and would have to be figured
based on the total voltage applie d to the
circuit, and how much of that voltage
would be dropped across that particular
resistor. Voltage division is another topic
we will be returning to later on. For right
now, we want to just learn to figure the
resistance itself.

In Figure 4, we have two resistors of
unequal value . One is 150n and the
other is 220n. The formula shown in
Figure 4 applies only to two unequal
resistances in pa rallel. The wattage rat­
ing, again, is add itive.

Where you have more than two
unequal resistances in parallel, the for­
mula in Figure 5 applies. Here we on ly
have three unequal resistances. However,
the formu la allows for an infinite number.
Again, the wattage rating would be the
sum of the ratings of all of the resisto rs.

Next month , we will take a look at
some more of the bas ic things to help
get a novice experimenter going. NV

articles, we will be talking garden variety
resistors.

First , let's take a look at resistances
in ser ies. In Figure I, we have two 600
ohm resistors in se ries. (The omega
symbol n stands for the word ohm .)
Each resistor is 600n and, in series, they
would add up to 1,200n. Resistances in
series simply add. If we assume they are
one-watt resistors, the circuit would still
have a dissipation capability of one watt.
This is because the current in a se ries cir­
cu it is the same at any point in the cir­
cuit, and voltage times current equals
your wat tage . We'll have more on
wattage in a later column.

Now in Figure 2, we see two 600n
resistan ces in pa rallel. Equal resistances
in parallel will evenly divide. Therefore ,
our total resistance between point A and
point B would be 300n. Note that this is
true only for resistances of equal value.
We will get back to figuring resistances a
bit later. Right now we just wan t to under­
stand what effect se ries or paralle l has on
wattage. Anyway, in this circuit, our cu r­
rent diss ipat ion is now doubled. These
two one-watt resistors could now handle
the same current as a 300n, two-watt
resistor. In Figure 3, we have three 600n
resistors in parallel. The resistance from
point A to point B would measure 200n.
However, we now have three watts of cu r­
rent dissipation. These three one-watt
resistors can take the place of a 200n,
three-watt resistor.

In a series circuit , unequal resistanc­
es simply add , just as equal resistances
would. The wattage requirement for each
resistor in the series would be dependent

OIl

\
600 0 600 0 300 n 600 0

/

OIl

\
150 0 220 0 89 0

/B OIl

here are three values generall y
assigned to resistors: resistance,
wattage, and to lerance. The

resistance is dete rm ined by the ir internal
make-up and the wattage is generall y
determined by their physical size. The
tolerance value indicates how close to
the rated value a resistor will be. That is
to say, a 1,000 ohm, 10 percent res istor
will actua lly measu re somewhere
between 900 and 1,100 ohms.

Carbon-filled resistors are generally
used for smaller wattage applications.
You can get a tre mendous range in resist­
ance values in a sm all package.
However, ca rbon res istors are very limit­
ed in wattage rating. For heavier current
situations, wire-wound resistors are nor­
mally used . These are physically much
larger, and come in sizes up to feet in
length and inches in diameter.

There are , of course, a large number
of specialty resistors for specific applica­
tions. For instance, garden variety car­
bon resisto rs cannot be used in some
applications because they inherently add
noise to the circuit. In some aud io cir­
cuits , or measurement circu its, this noise
is intolerable. However, for this series of
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• Built-in camera/transmitter • 350 lines of resolut ion
• 300 foot range with (color)
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Super
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The Latest in Networking and Wireless Technologies

Open Communication
Three unusual short range wireless

techniques are getting hot.
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Figure I. Complete block diagram of the LibertyLink magnetic induction wireless
chip from Aura Communications.

principle of magnetic induction wire­
less where the primary and second­
ary windings are the transmitting
and receiving antennas, respectively,
forming an air core transformer.

An example of a commercial
magnetic induction wireless product
is the UbertyLink wireless transceiv­
er made by Aura Communications,
Inc., of Wilmington, MA (www.aura
comm.com). This single chip was
designed for short range voice com­
munications. A block diagram is
shown in Figure 1. The voice signal
from a microphone is connected to
the audio input, amplified, filtered ,
and sent to a type of analog-to-digital
converter known as a continuously
variable slope de lta (CVSD) encoder.
The resulting 64 kbps serial digital
bit stream representing the voice sig­
nal is then fed to a couple of first-in,
first-out (FIFO) memories that con­
trol the speed of the signal to the
modulator.

The digital voice then goes to a
phase accumulator, basically just a
counter, whose output is used as the
address for a ROM that stores bit
patterns representing sine and
cosine waves. The phase accumula­
tor and ROMs form a simplified
direct digital synthesizer (DDS) that
produces two complementary (90 ·
out of phase) sinewave signals that,
when combined, will form a
Gaussian minimum shift keying
(GMSK) signal. GMSK is a special
form of frequency shift keying (FSK)
modulation that produces a very
narrow bandwidth .

The ROM outputs are fed to dig­
ital-to-analog converters that gener­
ate two signals called the in-phase
(I) or sine signal, and the quadrature
(Q) or cosine signal. These two sig­
nals are sent to mixers where they
are combined with the high frequen­
cy carrier signal, usually a sinewave
in the 11 to 15 MHz range. The well­
known 13.56 MHz (actually 13.559
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basic electronics, you already know
about magnetic induction. A trans­
former is the perfect example. Apply
a signal voltage to a primary winding
which produces current flow that, in
turn , produces a varying magnetic
field. The magnetic flux lines making
up the field cut across the turns of
the secondary winding inducing a
voltage. No actual electrical connec­
tion exists between the primary and
secondary windings. Power is trans­
ferred from primary to secondary via
the magnetic field.

In a transformer, the primary
and secondary windings are very
close together, either wound on a
common core, on top of one anoth­
er, or side by side. But what if you
separate the primary and secondary
windings by a significant distance? If
you don't exceed a distance you can
measure with a yard stick, the mag­
netic lines of force from the primary
- though weakened by the distance
- will still reach the secondary wind-
ing and induce a voltage. This is the
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If you have any background in

¥l
ireless means radio in its
widest sense, but today,
most people connect the

term "wireless" to cell phones or to
the wireless local area networks
(WLANs) that are popping up every­
where. Infrared (IR) remote controls,
garage door openers, and remote
keyless entry devices for cars are
also wildly popular wireless applica­
tions.

In addition, there are three very
different wireless methods, mostly
hidden or at least unknown, that are
growing in use. I bet that you have
not heard of them. They include
magnetic induction wireless, radio
frequency identification (RFID) , and
ultra wide band (UWB). Here is a
quick introduction to these interest­
ing short range techniques and their
applications.

Magnetic Induction
Wireless



Figure 2. The concept of RFID showing the
interrogator, or reader unit at the top and the

tag at the bottom.
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since it relies primarily on the mag­
netic field. Think of RFID as the wire­
less equivalent of bar coding. Bar
codes are very widely used. Like
many other th ings , we take them for
granted. But if you start looking
closely, you begin to ask - what
doesn 't ha ve a bar code on it?

A bar code is read by shining a
narrow laser beam on it and using a
sensitive photo detector to pick up
the reflected light pu lses. The pulses
form a digital signal that is decoded,
then recognized in an embedded
controller or computer. RF[D does a
similar thing by radio.

Figure 2 shows the concept of
RFID. An item to be identified has an
RFID tag glued to it. The tag contains
a digital transceiver with a unique
digital code. The tag is tiny and flat ,
as it is just a sliver of silicon.
Attached to the tag is a coil that
serves as a receive/transmit antenna.
lt is resonant to the ca rrier frequency
with the accompanying capacitor.

To read the code, the item with
the tag is passed near a reader or
interrogator un it. The reader consists

Rect ifier
and filter
capacitor

Data recovery
circuit s

Modul ator

Distance between tag
and reader can be
inches to several feet.

13.56 MHz~

XTAL I

the same axis. If one winding is at
some angle to the other, the induced
signal is less . In fac t, if the prima ry
and seconda ry windings are orthogo­
na l, at 90 ° to one another, little or no
signal is induced. If during a trans­
mission , the rec eive and transmit
ante nnas (coils) ha ppen to become
physica lly-oriented so they a re
orthogona l, no transmiss ion takes
place.

The LibertyLink system fixes this
prob lem by using th ree coils - each
orthogona l to one another. The coils
are phys ica lly positioned in an X, Y, Z
coordinate axis system. With each
coil 90 ° to the others, at least one of
them will be positioned to receive the
signa l. The Liber tyLink contains cir­
cu itry that automatica lly selects the
co il with the greatest signal strength.
As it turns out, you only need on e
end of the com munication s link to
have the thr ee antennas overcome
the problem.

What is the LibertyLink used for?
Its primary use so far is in wireless
headsets for cell phones. Headsets
have become popular because they
permit you to drive and
do other th ings while
tal king on the cell
phone. Cable linking the
headset an d the phone
is a nuisance, so manu­
facturers have made the
connection between the
two wireless. Some
headsets, like those
from Sony Ericsson, use
a Blue tooth wire less
link. Othe rs use the
LibertyLink. It is a near-
pe rfect short range wire- To computer

less so lution, as it is sig­
nificantly ch eaper than
Bluetooth or any other
wireles s technique.
LibertyLink is also find-
ing its way into othe r
applica tions such as
automotive , industrial,
and medical.

Radio
Frequency
Identification
(RFID)

RFID is also a kind
of induc tion wireless

MHz) industrial-scie ntific-medical
(ISM) frequency designated by the
Federal Communications Comm­
ission (FCC) as an un licensed fre­
quency is commonly used. The
mixer outputs are added together
and the GMSK signal is filtered and
limited , and fed to one of three out­
put amplifiers selected by the coil
select switch, and then on to the out­
put coil or antenna. More about that
later.

On the receive side, a signal
picked up by an input coil or antenna
is amplified and selected by a co il
switch, then fed to a low no ise ampli­
fier (LNA). The high-frequency signal
containing the modulation is put
through two levels of down conver­
sion in mixers with sine/cosine local
oscillator signals. To recover the
GMSK signal, it must be divided into
two quadrature signals then added.
The signal is filtered and then fed to
the demodulator whe re the original
serial digital signal is recovere d. This
signal is then stored and delayed in
FIFOs and sent to the CVSD decoder,
which converts the digital bit stream
back into voice.

There is lots of other stuff on the
LibertyLink chip. In the center of
Figure 1 is a vers ion of the long pop­
ular 8051 embedded microproces ­
sor. It is programmed to implement
the specific communications applica­
tion of the chip. This processor also
controls and sequences all othe r
operations through the var ious inter­
faces . The clocks also generate the
local oscillator signals for the trans­
mitter an d receiver. In two-way voice
communications, you want to be able
to talk and listen at the same time.
This calls for full duplex operation.
The LibertyLink chip uses a tim e divi­
sion duplexing (TDD) scheme where
the two voice signals alternate, that
is, taking turns but at high speed so
you don 't notice. You can also use
the chip to transmit data othe r than
voice by bypassing the CVSD circuits
th rough the router circ uits. The max­
imum raw da ta rate is 204.8 kHz.

Now, a word about the co il select
switches at the transmitter output
and receiver input. Going back to
transformer theory, you proba bly
know that maximum signal is
induced into the se co ndary winding
(receiver) when it is pa rallel to the
primary winding , or when they are on
JUNE 2003



The Aura Communications LibertyLink
magnetic induction wireless chip.

of a transmitte r tha t sen ds a powerful
radio signal to the tag. The signal
pic ked up by the tag co il is relat ively
strong because the distance between
the reader and tag is very short - a
few inches to no more than several
feet.

The resonant step up ch aracter­
ist ic of the resonan t co il a lso gives
the signal a boost. This signal is then
rectified and filtered into a DC volt­
age that powe rs th e interna l digital
circuitry.

The un ique code stored in the
tag is then tra nsm itted ser ially back
to the reader. The small signal from
the tag is amplified by a sensitive
receiver in the read er, demodulated,
and the code recovered. The code is
then se nt to a computer or embed­
ded controller that recognize s or
stores the code.

A representative RFID product is
the MCRF 355/360 ch ips from
Microchip Tec hno logy, Inc .
(www.m icrochip .co m) . Th e tag
uses an external pick-up coil that is
usually a spi ral inductor on a plastic
base on which the ch ip is mounted.
The operating frequency is 13.56
MHz.

When the interrogat or s ignal
exceeds about four volts peak-to­
peak at the tag, the circuitry is acti­
vated. A voltage mul tiplier rectifier
converts the RF to pulsating DC,
which is the n filtered into a co ntinu­
ous DC by a capacitor. Th is turns on
the internal circuitry.

A clock running at 70 kHz acti ­
vates an EEPROM whe re the un ique
identification code is sto red. The
code is 154 bits lon g. The code is
then sent se ria lly to a MOSFET

1--- --+- -
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switch used as a simple amplitude
sh ift keying (ASK) modulator. The
ASK modulated 13 .56 MHz signal is
then picked up by the reader, decod­
ed , and interpreted. The tag is initial­
ly programmed with its special code
- wirelessly, as well. A programmer
or the interrogator un it sends the
code to the tag which is then writte n
into the EEPROM.

Most RFID tags work this way.
Some key differences are operating
frequency and modulation . The
13.56 MHz tags are probably the
most popular, but tags with a fre­
quenc y of 125 kHz are also widely
used. Some longer range tags oper­
ate in the 900 MHz range. While most
tags use passive power from the
interrogator, some also use small, flat
batteries to provide longer range
reading . Besides Microchip
Tehnology, other makers of RFID
ch ips are EM Microelectronic, Philips
Se miconductors , STMicroe lectronics,
and Texas Instr uments .

As for applications, you have
probably experienced some yourself
already. The "speed passes" used on
some toll roads are an example. You
attach a tag to your windshield that
is read by an inte rrogat or as you
zoom through the tollbooth. You
have a lready prepaid you r tolls which
are automatically registered as you
pass through. Another example is
the Mobil/Texaco key ring device
that let s you auto matically charge
ga so line. A reader in the pump picks
up your tag and bills your account.

As RFID tags have grown in pop­
ularity and increased in volume, the
pr ices ha ve gone down , making
them sui ta ble for many other appli­
cations. They are particularly useful
to manufacturers to track and con­
tro l inventory, similar to the way bar
codes a re used. RFID tags are used
on the larger, more expensive prod­
uct s. The tags can also be used to
track capital equipment items, pack­
ages be ing shipped, baggage, and
animals. Other uses include building
access and security and theft pre­
vention in reta il stores. Lots of other
applications are in the works as
prices continue to fall.

Ultra Wideband
(UWB)

Both ind uctio n wireless and

RFID use magnetic induction for the
wireless link. They are not what you
would call real radio , despite their
wireles s nature. These methods use
what is generally referred to as a
near field signal , which is a strong
magnetic field and a weak to non­
ex istent electric field . A genuine
radio wave is made up of both mag­
netic and electric fields at right
angles to one another. Maxwell's
equations tell us that the two fields
are self-sustaining as they reinforce
one another as they travel through
space. Ultra wideband produces a
rea l radio signal.

UWB, as its name implies, occu­
pies an extremely large portion of
the frequency spectrum. It transmits
information in the form of unique,
but very narrow pulses. The pulses
shown in Figure 3 look somewhat
like on e cycle of a sinewave, but they
are not. These so-called monocycles
a re shaped by a special (usually
Gaussian ) filter that gives them their
unique broadband characteristic.

Remember that the Fourier theo­
ry mathematically describes the fre­
quency spectrum - a signal based
upon its shape. Monocycles have an
extremely broad bandwidth. A UWB
signal is essentially described as one
that has a bandwidth of at least
1,500 MHz (1 GHz) or more than 25
percent of the center frequency of
the pu lses. The center frequency is
determined by the reciprocal of the
pulse width (tw) '

For example, a 200 pS pulse
width would produce an enter fre­
quency of 1/ tw = 1/200 X 10.12

) = 5
GHz. The 3 dB bandwidth of the
resulting signal is about 1.16 times
the center frequency or, in this exam­
ple , 5.8 GHz.

To transmit data by UWB, the
pulses are modulated. Two basic
ways are to use pulse position mod­
ulation (PPM) where the time interval
between the pulses is varied. A pulse
that occurs earlier in time is a binary
1 and a pulse that occurs later in
time is a bina ry O. A form of phase
sh ift keying can also be used. A bina­
ry 1 has one pulse phase with the
positive going part occurring first
while a binary 0 has a pulse of the
opposite phase with the negative
part occurring first.

UWB has several key character­
istics that make it attractive. First, it

JUNE 2003



Binary 0

This pulse may appear
eartier or later in time to
designatea binary0 or I

EaS1;3 Microcontrol'n - Beginner $29 .95
• Programming Techniques

Instruction set , addressing modes , bit manipulation ,
subro utines , loops , lookup tables, interru pts

• Using a text editor , using an asse mbler, using MPLAB
• Timing and counting (timer 0), interfac ing, I/O conversion

Microcontrol'n Apps - Intermediate $44 .95
• Serial commu nication - PICmicro to peripheral chips
• Serial EEPROMS
• LCD interface and scanning keypads
• D!A and AID conversion· several methods
• Math routines
• B-pin PICmicros
• Talking to a PICmicro with a PC using a terminal program
• Test equipment and data logger exper iments

Time'n and Count'n - Intermediate $34 .95
• 16-bittiming and counting applications
• Timer I , timer 2 and the capture!compare/PWM (CCP)

module

Serial Communications - Advanced $49 .95
• Synchronous - bit-banq, on-ch ip UART, RS-232
• Async hronous - 12C(Philips Sem iconductors)

SPI (Motorola), Microw ire (National Semiconductor)
• Dallas Semiconductor I-Wire bus

that they had no central frequency. Therefo re, multiple
spark ga p signals did interfere with one another. Receivers
could not distinguish one from another, except perhaps
by their relative st rength.

In the 1960s, UWB was rediscovered and considerable
development occurred in the following decades for gov­
ernment and milita ry applications, mainly radar and
se cure communications. UWB was not authorized by the
FCC except for such applications . Last yea r, the FCC final­
ly approved low-power UWB for pe rsonal a nd commercial
a pplications. UWB is assigned to the frequency range of
3.1 to 10.6 GHz - a 7.5 GHZ band. This unlicensed band

(A) Pulse position modulation
(PPM)

(B) Phase shift keying

Monocycle

I" -I
Pulse width - tw

Figure 3. Ult ra wideband pulses are called monocycles and
gene rate a very wide bandwidth or spect rum.The pulses are
modulated by pulse position modulation or phase shift keying.
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can use spectrum already occupied by other se rvic-
es. Today, spectrum space is severely limited . We
have already used up pretty muc h all of the available
spectrum, and there are ongoing battles for more fre­
quencies. Space for more cell pho ne channels is a
good example.

With UWB, the signal is sprea d over such a wide
range that the signal level is very low. Using low
power sp read over a wide ba ndwidth virtuall y elimi­
nates interference to any other signal in the ba nd
width. The UWB signal simply appears like low-level
no ise to other radios.

Second, multiple UWB signa ls can also sha re the
same bandwidth because they do not interfere with
one another. As a res ult, UWB is also a multiplexing
or multiple access technique . Each UWB radio is
assigned a special code and that code is used to
encode the digital data. UWB receivers can recognize
the signal destined for them by looking for the
desired coded signa l us ing cross co rrelation tech­
niques.

A th ird benefit is that UWB signa ls are more
immune to mult ipath effects that plague other high­
frequency signals. When used indoors, wireless sig-
nals are bounced off walls, ceilings, floors , furnitu re,
and other obstructions. Th is prod uces multip le
reflected signals that a rrive at the receiver at differe nt
times. This can cause signa l degradation , or fading.
Because UWB signals a re short pulses, the effec t is mini­
mized, making UWB grea t for indoor wireless networks.
Other UWB benefits inclu de simple circuitry and
the resulting low cost, inherent security, and low-power
consumption.

UWB is really not new. In fact, it is the oldes t for m of
wireless in existence. Marconi's first transmitte rs generat­
ed a UWB signal. Radio signa ls were prod uced by crea ting
a high voltage spark across the gap of a co up le of elec­
trodes. The signal fed to the a ntenna had an extremely
wide bandwidth. The signals were essentially untuned, in

We have been sel ling on the Inte rnet since 1996. We ship
the day we receive your order or the next business day.... _
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Figure 4. A commercial UW B chip set called the Trinity by Xtreme Spectrum , Inc.
The interface is usually 10/1 00 Mbps Ethernet.
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transceivers ca n use all or ju st part of it.
The power de ns ity is limited to -41 dB/ MHz - a power

level lower than even the st ray em iss ions of some TV sets
and computers . The commercia l services in this band
are limited . One of these is the 802. 11a wireless local
area networks (WLANs ) using the 5 GHz band. With
such low power signals, the ra nge of a UWB signal is
severel y limited to no mo re than 30 meters (a bout 100
feet) max. That prac tica lly eliminates interference.

UWB is ju st now be ing developed. Its real valu e is
that it can achieve very high digita l dat a rates - far fa ster
than other wireless tech niques. Wire les s LANs like the
IEEE 802.11 g and 802.1 1a standards have a maximum
data ra te of 54 Mbps. With UWB, data rat es exceeding
100 Mbps can be achieved. If the range is restricted to
only a few feet , the data rate ca n be as high as 500 Mbps.
The cu rrent goal is 110 Mbps at 10 m eters .

Higher ra tes have sh or te r ranges a nd vice versa .
UWB is cu rren tly be ing st ud ied a nd considered for an
industry standard. The IEEE 802.15.3a personal area
network (PAN) working group is working towa rd a
standard that will greatly expedite its acceptance and
deployment.

To date, few practical products a re ava ilable. Only
now are semiconduc to r manufact urers beginning to
make chip sets for rea l applications . One ava ilable now
is the Xtreme Spectrum (www.x t re m es p e ct ru m .co m)
Trinity ch ip set shown in Figu re 4. It is designed to
achieve the 100 Mbps ra te at a ra nge of up to 10 meters.

Expected applications a re to interconn ect co nsumer
home entertainment eq uipment - especially video ­
which requires ve ry high data rates. UWB will a lso be
used in cheap, short range radars for au to motive appli­
cations. Some other companies making UWB chips
include Philips Semiconductor/Genera l Atomics and
Time Domain. NV
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is regulated by Part 15 of the FCC rules and regulations.
Anyone can use it for whateve r purpose. UWB
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Putting the Spotlight on BASIC Stomp Projects, Hints, ondTips

Stamp Applications
Color Me Tickled

fans of BASIC Stamps, so they've
created an application kit for the
TCS230. The kit includes the sen­
sor mounted on a PCB with a prefo­
cused lens, clear LEDs for illumina­
tion, and a separate adapter board
that plugs into the AppMod connec­
tor on the Parallax Board-of­
Education . The adaptor allows the
BASIC Stamp to control two sensor
PCB assemblies .

For simplicity, we're going to
connect directly to the sensor
board. This will let us decide which
pins we want to use to control and

o

o

Figure 3

o

o
+5 ----f----t

Figure I

Back in December, I was in
our California office when a
package arrived from a

company called Bueno Systems.
Inside was a bunch of plastic pieces
that I dutifully assembled into what
turned out to be an M&M® candy
sorter. You can see a picture of this
cool little machine on page 63 of the
new Parallax catalog. This thing is
way beyond entertaining, as it loads
an M&M into a scanner, "looks" at it,
and then sorts it into a specific bin
for that color.

At the heart of this device ­
and the subject of this month's arti­
cle - is the TCS230 color sensor
from TAOS (Texas Advanced
Optoelectronics Solutions) . The
TCS230 is similar to the TSL230
that both Scott Edwards and I have
discussed in th is column in the
past. It is a light-to-frequency con­
verter.

The difference is that the
TCS230 uses an a rray of photo
detectors - some have red filters ,
some green, some blue, and the
rest have no filters. Using two pins,
we can select which set of detectors
are enabled. What th is lets us do is

I've been around BASIC
Stamps and other microcon­
trollers long enough that I real­
ly should be jaded, but from
time-to-time a really neat
device comes along. Neat new
devices are like great golf
games - one good one can
make you forget all the bad or
boring ones for the past several
months.

28 JUNE 2003



Stamp
.

read the TCS230 - and we can use fewer pins. Using this
minimal configuration, we need just four Stamp I/O pins
to select the color filter, enable or disable the LEDs , and
to read the frequency output of the TCS230.

Figure 1 shows the connections for our code. There
a re pull-ups on the PCB so the pins that are not connect­
ed actually get pulled high. Of note are pins labeled SO
and S 1, which are used to divide the frequency output of
the TCS230. Left unconne cted , the output frequency is
not divided.

It's important to point out that in ver y bright condi­
tions, the outp ut frequency of the TCS230 can exceed
the capa bilities of the BS2's COUNT function . In my
experiments in "typica l" ambient light , I haven't found
this to be a problem . The sensor PCB does have a cou­
ple of open ju mper connections so you can hard-wire the
divide r selection if you decide you need to do that, and
don't want to contro l the divider from the BASIC Stamp.

Okay, let' s ge t to the code a nd see how we can use
the TCS230 to scan a nd identify specific colors. Now,
even if you 're not interested in color identification , you
may want to stick with me here because there are a cou­
ple neat tricks in this prog ra m that have applicability in
a lot of projects . Okay? Let's go.

Workin· Our Plan

Since I followed my "pla n your work, work your plan"
system I ranted about a couple months ago, let 's start
with our project's goals :

1. Ca libra te the sensor for white (white balance).
2 . Sca n a nd store kn own color samples.
3 . Sca n and identify unknown samples.

If you 've never operated a video camera, you may
not have come across the te rm "white balance." What
this is, essent ially, is telling the system, "This is white. " In
theory, white light is composed of equal amounts of red ,
green, and blue light , but the truth is that the light sen­
sors in the TCS230 (and our video cameras) are not
equally sensitive to the vari ous constituents .

So what we do is put a white target in front the sen­
sor, illuminate it, measure the red , green, and blue levels ,
then create scaling factors so th at the resultant levels for
ea ch color when it "sees" white are equalized. What the
scaling factors do is account fo r the variances in sensitiv­
ity be tween the constituent color sensors, as well as any
col or bia s from the illumination source.

How Green Is Greent

Before we can scale our color readings, we have to
take them, so let 's start with an essential element of the
program - reading data from the sensor. Reading any of
the const ituent colors from the TCS230 is very simple.
We select the color filter, turn on the LEDs to illuminate
the target, measure the ou tput using COUNT, then turn
off the LEDs. Here 's the code:
JUNE 2003

Read Color :
SELECT f i lte r

CASE Red
WW TesS2
WW TesS3

CASE Green
HIGH TesS2
HIGH TesS3

CASE Bl ue
WW TesS2
HIGH TesS3

CASE ELSE
HIGH TesS2
WW TesS3

ENDSELECT

TesLeds = IsOn
COUNT TesFreq, SeanTime , rawColor
TesLeds = I sOff
RETURN

For th is routine , we will pass the constituent color
selection in the va riable fi lt er . A SELECT-CASE struc­
ture takes care of setting the filter control output pins. As
you can see, the actual code is shorter than the explana­
tion. The program uses constants for the pin numbers,
as well as the scan time used by the count function.
Based on the TAOS examples and some experimenta­
tion, the scan tim e in th is program is 10 milliseconds.
Note that no de lay is req uired between enabling the
LEDs and us ing the COUNT function . LEDs are "instant
on" devices and don't require any warm-up like incandes­
cent and other light sources.

The value returned by this subroutine is a word vari­
able called rawColor. Remember, this isn 't scaled for
color sensitivity or illumination co lor bias.

Fractions On The Fly

Beyond the pu re "nea to" facto r of th is program, one
of the things I like best is the ability to ca lculate a frac­
tional scaling factor, as required for white balancing the
sensor. "Fractions?" you wonder ... "The Stamp doesn't
do fractions ." Well, yes and no . True, the Stamp doesn 't
do floating-po int math, but we can multiply by a fraction­
al value using the */ (sta r-s la sh) and * * (sta r-sta r) oper­
ators. We're go ing to use */ here because it allows values
greater than one.

How do we do it? Let's say, for example, that we
measure a level of 85 and would like to scale that level to
100. We ca n determine the scale factor with simple
math:

facto r = ta rget -7- measurement

Using the num bers above, we'd end up with a scaling
factor of 1.176. To get this into a format that can be used
by the */ operator, we have to multiply the factor by 256.
Since the math we're doing is stra ight division and multi­
plication, we can actually rearrange the order a bit to

- - -t----I
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Okay, he re's the code that prints the color names:

Print Color :
LOOKUP colIdx, [CNO , CNI , CN2 ,

CN3 , CN4 , CN5 , CN6j , eePntr

"Br own", 0
"Red", 0
"Or ange", 0
"Yel l ow", 0
"Gr een", 0
"Bl ue", 0
"Vi ol et", 0

DATA
DATA
DATA
DATA
DATA
DATA
DATA

ity co ntrol will te ll you that you must make sure your
test equipment is calibrated before you can use it. So
let's calibrate ou r co lor scanner.

Cal i br at e Colors :
FOR colIdx = 0 TO (NumColors - 1)

DEBUG C1S, "TCS230 Color Calibration : "
GOSUB Print Color
DEBUG CR, CR, "Insert sample. Press a key to scan . . . "
Tcs1eds = IsOn
DEBUGIN inKey
GOSUB Read RGB
eePntr = Colors + (3 * colIdx)
WRITE eePntr , redVal , grnVal , bluVal

NEXT
DEBUG C1S
RETURN

TCS230 Color Calibration: Brown

Insert sample. Press a key to scan...
---

The color name also comes from a DATA table,
and I'll exp lain that in just a moment. The sensor LEDs
a re lit to help with alignment of small items, and after
inserting the sample, you press a key (read with DEBU·
GIN) , the color gets scanned, then the RGB data is
stored in EEPROM. A pointer to the location of the data
(the red co mpone nt ) is calcu lated us ing the beginning
of the table (Colors) and the color index. The values are
stored using a multi-byte WRITE statement.

Printing string names is nothing new, but I do want
to sha re a little po inte r that ca n be used to save space
in your prog rams. The string names are stored with
zero-terminators like this:

r Color Names

The routine will loop th rough the number of colors
set by the NumColors constant (the values are zero­
indexed, hence the NumColors - one end control
value). For each color in the table , we'll see a message
screen that looks something like this:

CNO
CNI
CN2
CN3
CN4
CN5
CN6

Print_String :
DO

READ eePntr, char
IF (char = TermChar) THEN EXIT
DEBUG char
eePntr = eePntr + 1

LOOP
RETURN
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White Balance :
filter = Red
GOSUB Read Color
calRed = ScaleMax * 256 / rawColor
f i lte r = Green
GOSUB Read Color
calGrn = ScaleMax * 256 / rawColor
fil t er = Blue
GOSUB Read Color
ca lBlu = ScaleMax * 256 / rawColor
RETURN

Easy, huh? And yet, very useful in th is and other
projects where we want to scale a [linea r) input value to
a specified maximum. Okay, now that the sensor knows
what white looks like, we need to "teach" it the various
colors we want to identify later.

Now that we have scaling factors for the con­
stituents, reading the calibrated RGB colors is a no­
brainer:

make it BASIC Stamp friendly and elim inate the integer­
math truncation of the fractional part:

factor = ta rget x 256 7 measurement

What we'd end up with us ing 85 as our measure­
ment and 100 as the target, is 301. Going back, 301
divided by 256 is 1.175 - pretty close to the 1.176 we
calculated earlier.

To white balance the sensor, then, we must place a
white target in front of it, read each of the constituent
colors, and then calculate scaling values for each of
them.

Read RGB:
f ilt e r = Red
GOSUB Read Color
redVal = rawColor */ calRed MAX ScaleMax
f ilt er = Green
GOSUB Read Color
grnVal = rawColor */ calGrn MAX ScaleMax
filter = Blue
GOSUB Read Color
bluVal = rawColor */ calBlu MAX ScaleMax
RETURN

I added in the MAX functions so that slight va ria­
tions between the ambient light during testing versus
white balancing won't cause a roll-over error. In my ver­
sion of the program, the color values are bytes and the
ScaleMax value is 100. Using the MAX function is par­
ticularly important if you decide to bump ScaleMax to
255 - you certainly don't want your readings rolling
over to zero.

When you download the full listing , you'll see a color
table built into the program and may wonder why we
can't just use that. There a re a couple really good rea­
sons, actually. You may want to scan different colors,
and even if you wanted to scan the same as I did , the
lighting in your office will probably be different than in
mine (ambient light affects the overall reading). And at
the end of the day, anyone who has ever worked in qual­
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What I wa nt to point ou t is that th is is two subrou­
tines in one , accomplished by creating two entry labels.
The reason for this is that the first entry will LOOKUP
the value of eePntr based on the color index, the second
section will simply pr int the string . By doing this, we have
a specific routine to print the color name, and a general­
purpose rou tine that will print an y st ring we poin t to. By
"stacking" these routines so that the first falls into th e
second, we don't have to use GOSUB to ca ll the second
from the first - th is saves space on the GOSUB stack.

The last bit of hard work is comparing the RGB data
table to see if we can match the current scan va lues.
Here 's the subroutine that han dles the search :

Match Color :
colIdx = 0
DO WHILE (colIdx < NurnColors)

rgb Idx = 0
DO WHILE (rgbIdx < 3)

eePntr = Colors + (col Idx * 3) + rgbIdx
READ eePntr, testVal
testVal = ABS(testVal - rgb(rgbIdx))
IF (t es t Val > ColorThresh) THEN EXIT
rgbIdx = rgbIdx + 1

LOOP
IF (rgbIdx = 3) THEN EXIT
colIdx = colIdx + 1

LOOP
RETURN

Though no t too long, it looks a bit com plicated.
St ructurally, there a re two loops: the outer loop indexes
th rough the color table, and the inner loop indexes
through the three RGB components. The inner loop
starts by reading the current constituent (R, G, o r B) from
the table, then compares it to the constituent of the scan.
An a rray fo r the scanned constituents is created using
that a liasing tric k I showed you back in April.

redVal VAR Byte
grnVa1 VAR Byte
b1uVa1 VAR Byte
rgb VAR r edVa1

By aliasing rgb to redVa l, we can access th e con­
st ituent colors as rgb (O) for red , rgb (1) fo r green, and
rgb (2 ) for blue.

The comparison result ends up in testVal. Not ice that
we use the ABS operator in case the test value is less
tha n the constituent we're compari ng it to. The idea is
that we're looking for an absolute var iance - no t just in
one direction - but in both.

If the variance between the test value and the con­
stituent color is greate r than that specified by the
Co lorThresh constant , the inner loop will be termina ted
with EXIT and th e outer loop will index to the next color.
If we do happen to match all three colors, the inner loop
will terminate on its own , and the outer loop will be termi­
nated by a comparison that checks the value of rgbldx.
The va lue of colldx holds the match color. If we don 't find
a match , the outer loop will ter minate by itself, and the
va lue of colldx will be th e same as NumColors - indicat­
ing that no match was found.
JUNE 2003

The color match routine is the trickiest part of the
program, so give it a few minutes to sink in. And keep in
mind that it is "tuna ble" with the ColorThresh constant.
You can ma ke the routine "loose r" by increasing the
ColorThresh va lue, or "tighter" by decreasing it.

Now that the hard work is out of the way, the main
program loop is simple:

Main:
DO

GOSUB Read RGB
DEBUG "RGB = ",

DEC3 redVal , ", ",
DEC3 grnVal , ", ",
DEC3 bluVal , " "

GOSUB Match Color
I F (colIdx < NurnColors ) THEN

GOSUB Print Color
DEBUG CR

ELSE
DEBUG "No match " , CR

ENDIF

PAUSE 1000
LOOP
END

The main routine is a simple loop that scans the cur­
rent ta rget, prints the RGB color values, then displays the
color name if a match was found - otherwise it prints
"No match." Figure 2 shows what the program display
looks like whe n running (the "No Match" lines occur
between samples be ing placed under the sensor). You
can see my set-up in the photo. I used a piece of black
felt to eliminate reflections from the table, and for fun, I
decided to scan M&Ms again. M&Ms are convenient since
they come in seven colors, they're easy to acquire (you
can run to any corner store and pick them up) , and when
you 're done and tired of scanning them, you have a treat.
You can't beat that. Just be sure to use the "plain" vari­
ety as the peanut M&Ms have a tendency to roll around
too much!

Have fun with the TCS230 and do buy an extra bag
of M&Ms so that you can snack while experimenting. I'll
see you next month. Until then, Happy Stamping. NV

09bug Terminal "
ComPort BaudRal:e: ~
leo..., :::J 1%00 :::J INone.::J

0 ... Sb , FlowComet • TX r OTA r ATS

re--:::J IiJit"""3 0 AX • OSA • CTS

. 1

~~~~~ r;1 Echo Oft

31



Amazing Devices News Bytes
www.amazing1.com

- - - -,- ---

u

Windows'I '95 is a U.S. registered tradem ark of Microso ft Corporation.

run on mainstream PCs. OpenCV is
designed to increase innovation in this
field by providing sourc e code for a
wide range of computer vision and
imaging func tions. Since its release in
2000, OpenCV has seen over 500 ,000
downloads of code and has attracted
more than 5,000 registered members
to its user group.

Develope rs are using OpenCV code
in applications ranging from toys to
industri al manufacturing . The softwa re
includes C source code for all of the
library 's functionality and a royalty-free
redistr ibution license. Information about
AVSR can be found at www .intel.
com/research/mrl/ res ea rch/ avcsr.h
t m. The OpenCV web site is located at
www .intel.com/ research /mrl/resear
ch /opencv/ .

Inte l has developed a uniquely
decentra lized resea rch model with
more than 70 labs located around the
world. The majority of the AVSR
software team resides at Intel Chin a
Research Center in Beij ing , China.
Established in 1998, the center
curre ntl y employs more th an 40
computer research scientists and
engineers worki ng in research areas
such as computer vision, media,
Bayes ian networks, compilers, and
tools.

Additiona l information about Intel
is available at www.int el .com.

1-800-572-1028 ' For more information, please visit:

www.globalspecialties.com

Intel Researchers Teach
Computers to 'Read Lips' t o
Improve Accuracy of Speech

Recognition Software

I ntel Corpo rat ion researc hers now
have software under an open-source

license that allows developers to build
computers that see and "read lips" the
way humans do to better understand
spoken commands.

Toda y 's speech recogniti on
algorithms work well when background
noise is eliminated or a well-tuned
headset is used, but thei r accuracy
rapidly degrades when applications
have to cope with noisy environments,
such as public places .

Combined with face detection
algorithms from Intel's OpenCV
computer vision libra ry, Aud io Visual
Speech Recogni tion (AVSR) software
enables computers to detect a
speaker 's face and track their mouth
movements. Synchronizing video data
with speech identification enables
much more accurate speech
recognition, enhan cing a wide variety
of computer applications in no isy
environments.

Faster microprocessors, falling
camera prices , and 10 times more
video capture bandwidth from
technologies like USB2 are all enabling
real-time computer vision algorithms to

Anti Gravity Projects
All new mini 35 kv 1.5
ma adjustable output
power supply with
instructions on making
a simple craft.
GRA1K Kit $59.95
GRA10 Assembied $99.95

Green Lasers Pointers
with Col im inator

30 Inch Spark
Tesla Coil
Light weight table top unit
is only 35 Ibs with air
cooled two point spa rk-4
gap. For 110 or 220 ­
operation.
BTC4K Kit $899 .95
BTC40 Assmbld $1199.95
BTC3K Kit 10inch spark .. $349 .95

Information Unlimited
Box 716, Amherst, NH 03031 USA

Orders: 1-800-22 1-1705
Fax: 1-603-672-5406

Email: riannini@metro2000.net
Catalog $2.00

10,000 feet plus - Full 5 mw. A real
beauty!!
LAPNGR5 Ready to use...$129.95

Phaser Pain Field Pistol
Experimental device for
animal control. Variable
and complex output over
130db. Do not point at
people! High er powered
and rental units availab le.
PPP1 K Kit $49 .95
PPP10 Assembled $79.95

Burning Laser Ray Gun
Uses our sealed
CO2 laser tube and
high efficiency
current source to
generate a continous beam capable of
lighting fires overdistances.Operates
12 vdc with optional inverter for field or
11 5vac for lab use.
LABURN1 Plans $20.00

(all parts ava ilable)

32 C ir cl e # I I I on th e Re a d e r Se r vice Card . C irc le #1 12 on the Re a d e r Se rv ice Card . JUNE 2003
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The BasicATOM is an advanced single-board computer
that runs a BASIC language interpreter within it's

microcontroller. The easy-to-use BASIC language
commands control 1/0, let the ATOM interface with other

integrated circuits, turn devices on or off , interface with
sensors, etc. The Bas icATOM-28 Deve lopment Kit is perfect

for the hobbyist, low volume projects and classroom use.

Includes:
BasicATOM 28-M (28 Pin module), BasicAtom Super
Development Board, Printed Manual, Software on CD-ROM
Serial Cable and Power Supply

Circl e #6 1 on the Reade r Service Card.

~ BasicATOM·40 Development Kit

Includes the same great feature s as the BasicATOM
28-M but with more 110 . Perfect for those projects that
need extra 1/0 without spending a small fortune for
hardware . Our development kits include everyt hing you
need to get started in the world of microcontrollers. Now
for a limited time purchase your BasicATOM 40-M kit at our
spec ial pricing.

The BasicATOM 28-M and BasicATOM 40-M feature:

14K of Program Space Analog-to-Digital converter
368 Bytes of User I System RAM Interrupt Capable

256 Bytes of User EEPROM 32 x 32 Bit Math
33,000 Plus Instructions Per Second Floating Point Math

Two PWM modules (10-bit) Built-in In Circuit Debugger

Includes:
BasicATOM 40-M(40 Pin module), BasicAtomSuper
Development Board, Printed Manual, Software on CD-ROM
Serial Cableand Power Supply

' use code : NV1 when ordering to get sale pricing

Visit us online at www.BasicMicro.com to see our complete product line
or call toll free at 1-800-869-5095
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Tech Forum
QUESTIONS

I installed a car tachometer in my
boa t and it reads 2,000 RPM higher
than required - no useful reading at
the top end. Is there a circu it that
would correct this problem? Please
reply via J PEG.
#603 I Ken Schultis

via Internet

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 volts , but use a
power transformer to supply the
voltage when the power is on . Does
not need to be fancy like a battery
ch arger.

Please keep it simple for a 16-

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 questions submitted are subject to
editing and w ill be published on a space
available basis if deemed suitable to the
publisher. All answers are submitted by readers
and N O 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 material to Nuts & Volts Magazine,430
Princeland Court, Corona, CA 92879, OR fax
to (909) 37 1-3052, OR email to
forum@nutsvott5.com

ANSWER INFO
• Include the question number that appears
directly below the question you are responding
to .
• Payment of $25.00 will be sent if your 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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year old to read. I understand most of
the stuff, but not all yet.
#6032 Ryan

via Internet

I own a 220-vo lt, 250-amp shop
arc welder of a simple brute force
design. It consists of an AC variable­
co re transformer coupled to a large
diode assembly.

What I need is a means of
injecting a high-frequency signal into
the output leads going to the
handheld welding rod. The frequency
and cu rrent need to be high enough
to help start the arc when the welding
rod is applied to a metal surface that
is not perfectly clean (rust, scale,
paint, etc.). I am told this will smooth
the welding process when working
with hard-to-start electrodes - by

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 follow ing:
I) Circuit Design
2) Electronic Theory
3) Problem Solving
4) Other Similar Topics

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

Helpful Hints
• Be brief but include all pertinent information .
If no one knows what you're asking, you won 't
get any response (and we probably won't print
it either).
• Write legibly (or type) . If we can't read it,we'll
th row it away.
• Includeyour 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.

acting as a pilot arc , so to speak.
Is there a schematic for a home­

brew device as I have described?
Perhaps with hand-wound torroids
and control knobs for frequency and
current?
#6033 Go rdon McKittrick

Hav re , MT

I'm looking for a circuit that will
take an input from a current
transformer and give a 4-20 rnA
output to control motor speed
through a frequency drive.

This needs to be an inverse
relat ionship. As current transformer
voltage inc reases , the 4-20 rnA
output current decreases , causing the
motor to run slower.

Total output of the current
transformer would be about 34V AC.
The output should swing between 4
to 20 rnA with a change of about six
volts AC in the current transformer.
An operator control pot would be
necessary to fine-tune the circuit
cu rrent output.

Th is is a feedback contro l
scheme where increased speed of the
motor causes an increased current
through the current transformer.
#6034 M. Harker

via Int e rnet

I have an old Makita cordless drill
that would cost mo re to replace the
battery and charger than replace the
drill.

I'd like to run it on 12 volts from
my truck with a co rd to the drill. How
can I drop 12 volts to 7.2 volts?
#6035 John Bristow

via Internet

I'm building the temperature
probe project that was in the April '03
issue for monitoring a saltwater tank.
I'd like to be able to log the data in a
semi colon separated format at five­
minute intervals. Can anyone provide
th e code changes to make this
possible? Th is would make the
cheapest data logger I have seen.
#6036 Richard Shelley

via Int ernet

What is the best way to make a
soft power switch for a
mic rocontroller (i.e. a momentary
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depending on the format. I don't
recall the exact duration of
handshake required, but it was
somewhere around 0.5 seconds to
one second. There are many "flavors"
of these formats with subtle
differences, but they are all pretty
easy to hack if you have access to a
digital storage oscilloscope. After
detecting a proper handshake, the
control panel would respond by
pulsing a carrier tone on and off. The
carrier frequency was usually 1,800
or 1,900 Hz, depending on the actual
format be ing used. Basically, to send
the message 1234-56, the control
would pulse the ca rrier on and off one
time , followed by an "inter-digit" delay ,
then send two pulses followed by the
same delay , then 3, 4, 5, 6. This
"round" was generally repeated after
an "inter-round" delay, after which the
control waits for the ACK from the
receiver (the same frequency and
duration as the handshake). If it had
no further data to send, it would then
hang up. If it had further data , the
process would repeat. Decoding this
info is simply a matter of counting
pulses while taking note of the
appropriate delays. You can manually
handshake and kissoff a panel while
viewing the data on your scope. You'd
need to inject an appropriate tone
signal (maybe using a simple 555
circuit). But again , a modem won't do

No Compromise Communications

Noise reduction is essential on today's crowded bands. With up to 26 dB of
noise reduction and three proprietary band pass filters, ADSP2boards can be
fitted to nearly any transceiver. Or use the ADSP2Speaker with noise reduc­
tion levels selected from a single switch. Ofcourse the legendary SO-2020
transceiver has ADSP2built in. Simple to use - just press the button to select
your desired noise reduction . Adaptive Digital Signal Processing from SOC
is the solution to your noise problem.

Circle #76 on the Reader Service Card.

SGC Inc. 13737 SE 26th St. Bellevue.WA98005 USATel: 425-746-6310Fax: 425-746-6384
sgc@Sgcworld.com www.sgcworld.com

Cat# 70-14

GOT NOISE? \~~~~I!\r~t~
Get ADSP2 - Your Noise Solution

It's hard to hear the stations you want to work, and ifyou can t hear
them. you can i work them.

Solut ion: ADS p2- the affordable noise solution from soc. ADSP2delivers top-of-the­
line noise reduction for any transceiver. It works in your shack, in your car, or even in
a portable station. Supply 12 VDC, connect your audio, and you've got the most
advanced noise reduction available .

#1 As a former Test Engineer for a
majo r security manufacturer, I had to
deal with testing digital dialer formats
with panels from the 80 's and 90 's
time pe riod. The quick answer to your
question is: You probably can't do
what you want with a modem. Most
security control panels from that era
transmitted in very rud imentary
form ats known as 3+1 or 4+2. The "3"
or "4" would be the account number
and the "1" or "2" would be the ala rm
code(s ). The handshake was simply a
steady tone of 1,400 Hz or 2,300 Hz,

or "4" digit account number followed
by a "1" or "2" digit event code.
These are defined in the program of
the co mmunicator and can mean
anything you wish, although there are
industry standards.

The receiver then sends a kissoff
(same frequency as a handshake) to
the diale r if it received two successful
transmissions of the data. The dialer
then hangs up .

There are a lso two forms of
tra nsmissions that use standard
DTMF (Dual Tone Multi-Frequency)
for da ta . These are faste r (th ree
seconds vs. 15 seconds for
transmiss ion ), but one of them
(con tact ID) does not allow
customizing of the codes.

Laurence Ray Reville
Cabot,AR

ANSWERS
[3035 - MAR. 2003]

I have several Ademco burglar
alarms that send sig na ls to centra l
stations using a d ig i ta l signal
similar to a modem. I want to use a
computer and modem to rece ive
this signal, bu t don 't know how to
develop handshake signals.

Does an yone know of a circuit
diagram to connect an IDE HD/CD to
a pa rallel printer po rt?
#6039 via Internet

button-press la tches power to a
microcontroller which can then power
itself down after a predetermined
time)? Is there a name for this type of
functionality?
#6037 Bob

via Internet

I'm look ing for a PWM DC motor
controller for a 12-volt blower motor
that draws about 13 amps at 12 volts.
This motor has the negative wire
permanently bonded to the frame
(welded), so I do not have a two-wire
connection.

All of the circuits that I've found
only handle about six amps, require a
two-wire connection out to the motor,
a separate ground, but have a
common plus . Can anyone help?
#6038 Dave Eastman

via Internet

# I I have been a burglar-alarm
technician for over 25 years, and am
qu ite familia r with the Ademco line.

The Vista pa nel ca n transmit data
in several formats , but they all follow
the same basic protocol:

Handshake, data , repeat da ta ,
and kissoff.

The handshake is a two-three
second tone of eithe r 1,400 (low
speed standard) or 2,300 Hz
(Sescoa/Radionics), sent by the
receiver to the dialer. This prompts
the communicator to send its data at
10 pulses/sec (low speed ) or 20
pulses/sec (Sesc oa/Radionlcs) . The
pulse frequency is 1,900 Hz.

1 pulse = digit I , 2 = 2, etc. A zero
(0) is represented by 10 pulses.

Depend ing on the format (3+1,
4+I, or 4+2) , the pu lses define a "3"

JUNE 2003



Tech Forum

these formats. If you are intent on
doing this , I would suggest a PIC
micro and the CCS PCW C compiler,
or perhaps one of the Basic modules
that are so readily available.

Ademco also de veloped a format
kn own as Contact ID, which is based
on DTMF digits for the alarm codes
and 1400-2300 handshake /kissoff
tones. This has become something
of a standard today, and the alarm
codes are predefined (unlike the
3+1/4+2 formats , which are not
def ined) . You would come closer to
being able to use a modem to detect
this format, but I seriously doubt you
can do it. It is much easier to decode
- just use a DTMF decoder and read
the digits as they come in. If your
panels can do this format , you might
want to enable it and work with it.

You m ight find it helpfu l to
download the install er's manual for
your Ademco panel (or one close to
it) at www.ademcoint.comj. I
believe the Contact ID codes are
listed in these manuals.

Joseph Ellis
Valdese, NC

[3036 - MAR. 2003]
I ha ve a remote control fo r TV,

VCR, and oth er equipme nt made
by Tur tle Beach that ha s the
cap ab ility of also controlling X l 0
products. The setting for X10 is
softw are controlled and I nee d
instructi ons on how to set th e
house code on the remote.

Since it's an Xl O-enabled
remote control, I'll relate how mine
works, maybe yours will work the
same or you can figure out

something similar.

Setting House Code:

Press and release the Xl 0
button.

Press and hold Setup until the
LED lights steady, release.

Use the number buttons to enter
the house code : A=l ... P=16 used by
you r XlO transceiver (this takes the
remotes RF and converts for use by
the power-line modules) .

Press Enter when done.

After that, it's just select device
and functi on :

Press and release the Xl 0
button.

Enter device number on keypad
(leading zero not required ).

Press function:
On: CH +
Off: CH ­
Bright: Vol +
Dim: Vol -
All lamps on : power
All modules off: mute

Your Turtle Beach remote may
use different buttons.

Don 't forget to press another
device button (VCR, CBL, DVD, or
satellite) or you 'll wonder why the
lights go off!

Rick Detlefsen
Austin,TX

[4031 - APR. 2003]
Is there a si mp le way to

generate or simulate a BPSK or
QPSK sig nal for students in my
lab? I 'd love to be able to show
them the modem constell ations

from the modem, but doing s o is
p roving to be quite diff icult.

Why not hook up a computer with
modem to the web and tap into the
phone lines with an oscilloscope to
watch the packets? That and / or an old
external Hays modem using software
to change the sett ings that alter the
program to produce the different
packets? I know myoid software had
settings in the GIU to change how
things work for different hook-ups.

Chris
Bieber,CA

[4032 - APR. 2003]
What are the most importan t

details to deal w ith video by phone
lines? What is a good source of
information?

#1 Videophone engineers deal with
the same obstacles today as they did
back in 1927 when Bell System
scientists demonstrated a cru de
contraption capable of sending video
information across telephone wires .
Specifically, cramming about 6MHz of
video and audio information into the
3KHz of audio bandwidth (about
33Kbps ma ximum data rate)
achievable on a telepho ne line. Though
devices that are available today have
achieved impressive technical results ,
none have adequately achieved the
video and audio quality (resolution,
frame rate, delay, color, and audio
fidelity ) needed to convince consumers
that Videophones are ready for prime
time.

Modern designs use the ITU H.261
standard and start by digitizing the
video frame to 176 pixels x 144 lines.

O rder your front ponels online
and receive them just in time

_a.-I , ~ _ 4'--; ~
•

'"~ Control using
PC, 852, Atom,

~ Oopic, Isopod
or any device

~
capable of

serial comm.

Z
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Up to
$4,000
(or more!)

salesa>ivex.com
Tel: 503-531-3555

ADV 12
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Starts under
$500

Web-based Manufacturing

Ivex Design International, Inc.
P.O. Box 7156
Beaverton, OR 97007 USA

This is already less than 1/9 the spatial
resolution that you might see on a
broadcast video image. The frame rate
(temporal resolution) is reduced by at
least 50% to 30 frames per second and
usually to as little as four FPS. Even if
this image were not further compressed
for transmission in 3KHz of bandwidth,
it would be a very low-res image with
motion usually described as "jerky."

To further reduce the amount of
digital information required to transmit
the video portion, video compression
techniques take advantage of both
spatial and temporal redundancy.
Temporal redundancy is reduced first by
using similarities between successive
pictures. As much as possible of the
current picture is created or "predicted"
by using information from pictures
already sent. When this technique is
used, it is only necessary to send a
difference between video frames. Spatial
compression relies on sim ilarit ies
between adjacent pixels of the picture.

Through the magic of mathematics
involving something called a Discrete
Cosine Transform (DCT), 8 x 8 blocks
of pixels are reduced to a mathematical
representation that requires relatively
little bandwidth to communicate.

When implemented for phone-line
transmission, this technique results in
pictures that are often described as
"blocky." Further, errors ca n occur in
the transmission that distort the entire
block for a duration of several frames .

Telephone users expect at least
telephone-quality audio . Nonetheless,
modern designs compromise some
audio quality by using the ITU G.723
standard which requires about 6Kbps of
the 33Kbps datastream for audio.
Further, the relatively lengthy
transmission times and decompression
latency for the video, tend to cause what
is called a loss of "lip sync." Attempts to
delay the audio usually make normal
conversation difficult.

Since AT&T demonstrated their
PicturePhone at the 1964 World's Fair, it
has been apparent that most
consumers don 't wish to be seen by the
person they are calling and engineers
have not discovered any magic of math
to overcome that problem.

Search the web for H.261 for a
wealth of information on the subject.

John Montalbano
Middletown, NJ
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#1 1) Bandwidth; 2) BandWIDTH; 3)
Did I mention BANDWIDTH?

Back in the 1960s , the
"picturephone" used three extended
bandwidth phone pa irs to ge t the
bandwidth needed for their black &
white image.

Today, digitized images in color are
compressed to get so me sort of motion
out of the limited bandwidth. Note that
the new ce ll phones with ca meras only
send stills! Bandwidth for those is even
less than for wired phones.

J. D.Arbaugh
Pearblossom, CA

[4036 - APR. 2003]
Is there any translation software

and external hard w are adap ter
which allows a Mac printer (HP
Deskwriter 320) to be connected and
used with WIN ME or XP-based lap top
computers?

The re are two questions that need
to be answered in orde r to use the HP
Deskwriter 320 with Windows ME or XP.
The first is how to connect the printer
mechanically and electrically, and the
second is how to se lect a good
device/printer driver.

After doing a search on the web,
there were two pages that came up with
so lutions to the connection issue. The
first so lution was to use PhoneNet PC to

do the connection, but I believe
Phone Net is discontinued . The second
actually shows pinouts and connections
for ac hieving the desired resu lt. The
website follows: www.pumpkininc
.eom] content/ doc/ guide/ ag-2.pdf.
Even though I found no copywrite on
the document, I feel it is not appropriate
to exce rpt from it in this forum.

A third me thod is to use an
ethernet printserver that suppo rts serial
ports , but I won't go into details, as the
hardware cos ts could be much more
than the printer is worth.

Finally, once the co nnection is
made, it becomes probab ly trial and
error to select an existing device driver
for HP Deskjets and install it. XP and
ME do not support very ea rly Deskjets ,
and the newer drivers will not work
correct ly on the se rial port, so it will be
a bit of a compromise to find a driver
that works.

Joe Heck
Wrentham, MA

[4033 - APR. 2003]
It's getting harder to stay in the

TV repair business. People are buy ing
new rather than repairing their old
sets . In NYC, there are many
musicians who need their equipment
repaired, with many of the amplifiers
still using vacuum tubes. Are there
any distributors who sell tubes at

wholesale prices? Also w here can we
find schematics?

# I I have found the best sou rce of
tu bes at wholesale prices is
Internationa l Components Corporation .
1-800-645-9154 . In New York, where
you are, ca ll 63 1-952-9595. As for
schem atics, no problem. Peavey &
Fender (along with virtually all other
manufacturers) will sell you what you
need at surprisingly reasonable prices.
You can simply contact them throu gh
their websites, or by phone ifyou prefer.
I have repa ired instrument amplifiers for
years, and was surprised to find out how
few tubes actually nee d changing. Most
problems center around some kind of
ab us e, such as broken-off volume
controls, bad jacks, blown speakers,
and very simple electronic problems
such as dried-out electrolytics and off­
value resistors around the output tubes.
If you are now repairing TVs and VCRs,
you will find that servicing music al
amplifiers is a breeze!

Robert P.Kramer
Aurora,IL
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IFYOU NEEDNEW BATTERIES FORYOURELECTRONIC EQUIPMENT
DONTPITCH EM'·SENOTHEM FORREBUILDING I · SAVE $$

M O TOR OLA
MX300 HT600 MT1DOO STX
NTN 4686 4824 6414 S 37.50
NTH64476521 6645 $ 37.50
NLN 6860 NTH ' 327 S~.50

C ircle #78 o n t he Re ad e r Servic e Card.

• WEIHSTALL NEWNI-CAO ORN,.",H BATTERIfSlHTOYOfJR CASE, rID
• WEIMPROVEPERFORMANCETOBETTER THAN ORIGINAL.
• WEFIXWHATCAN'TBEFOUND.( OR AFFORDED)
, WEPROVIDE aulC/( SERVlCE. / EXTENDLIFEOFOLDEREQUftfENT
• WEOFFER FREE QUOTES. / FREERETURN IFOOOTE1$REFUSED.
• WEPROPERLY DISPOSE OFYOUR OLD CELLS BYRECYCLING.
• WEGNE YOUA f l1r10NTHWARRANTY,
• WEWILL 8EHEREWHEN YOU HEEDusI E$T. 1946
• WESAVEY DU- MON E y · ·.. SUS
WESEIMCE RECHARGEABLESATTERY ASSEIIBUES fOR ALL TYPES OFELECTRONICS,

RADIOS, SCANNERS. CORDl ESS TootS. BARCODEREADER$, GPS, SCIEHnFtC. $lJRVElUA NCE

GENERAl. ELECTRIC U N' DEN RADIO SHACK

MPO PLS MPA 4850P S 34.50 APX650 1050 1105 S 32.50 HTX 202I4Q.t S 22.50
MPO PLS MPA 48&0P S 39.60 1010 1070 11~ S 32.50 NEW NIMh HTXpac k
MPR MPS MPX 7131777 S 39.60 1120 1200 Sene. S 32.50 8.•W 1660mAh S 39.60
MONOORAM4S06P1/3 S 37.&0 BPZ500 650mAh S 19.5O KE N W O O 0

BPto51600mAh $ 22.50 PB21813313.f $ 28.60
M AXON $A·1155 1160 S 39.95 , C O At PB71811/13114118S 34.60

SP 2 ' SP3 IBP22 S 19.50 KNB617/12114116 S 34.60
BP6 1SP23 124 S 27.60 PB10126126132 S 2• .50
BP11CM71BPB S 3..... CORDLESS DRILLS
BP167 /1741180 $ 34.60 50% MORE CAPA CITY.
CM14011411166 $ . 1.50 An y brand 7.ZI/ S 21.60

YA E S U Any "'and U V S 29.60
M ID LAND FHB3 4 12 141S $ 32.95 Arlybrand1 2.OVS36.60

70-810 Bt' BU 82 1 S~.95 FHB19 21 26 27 38 $ 32.95 Any brand 14.4V S 39.&0
8 2682' 8 32 8 3' 860 S 39.95 FHB 10 1117 26 36 $ 23.95 Any brand 18.0V $ 44.60

See our web pages,bout rebuilding battery packs used torl and Surveying .

CUNARD ASSOCIATES INC., 9343 USRT220, Bedford, PA15522

FOR INFORMA nON ABOUT YOUR REQUIREMENTS ... CONTACT US:
USE THE EASY INFO. REQUEST PAGE AT hrtp:llwww.prlmecell.com
PHONE OR FAX : /8 14} 623-7000 E-MAIL TO: sal es@prlm ecell .com
SEND PACKS FOR FREE QUOTATION BY: UPS, FEDEX. OR US MAIL

• 12-bit analog inputs (8)
• 1D-bit analog outputs (2)
• 20 digital 110
• 32-bit counter

$119 qty 1
($95 qty 10+)

LabJack
U12

USB Data Acq uisition
& Control

Ava ilable now for only ...

J,.\. Made in Colorado, USA, by LabJack Corp .
U info@labjack.com, (303) 942-0228

• Built-in screw terminals
• Easy-to-use USB
• Everything included
• Use with C, VB. LabVIEW, etc.
• Windows98SElMEl2000/XP
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CALL, WRITE, FAX

or E-MAIL For A

Free 96 Page
CATALOG.

Outside the U.S.A.
send $3.00 Postage.
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Li-Ion Prismatic Cell

JMC# 1225-12HBA
120 mm (4.72") square x
25 mm (1") wide cooling fan.
Dual ball bearing fan pro­
vides reliable output of
88 CFM @ 2600 RPM.
12 Vdc @ 0.6 Amps.
45 Dba max @ 1M. Designed
for 50,000 hours @ 25 deg. C. Thermoplastic
housing and 7 blade impeller. Three 7" pigtail
leads with 3-pin connector (0.1" cntrs), Third
lead is for sensing rotation. Prepped with metal
finger guard. UL, CSA,CUL, CEo Large
quantity available.
CAT# CF-153 90 for $3.00 each

450 for $2.25 each
990 for $1.50 each

1980 for $1.30 each

Heimann # AH0640EC02 m
0.86" w x 1.3" h x 0.58" excluding leads .
Outer leads are 1.64" long on 0.58"
centers. Center wire lead. $450CAT # FLT-8 _

I I eKh
10 for $4.00 each

1 _

QUALITY Parts

FAST Shipping

DISCOUNT
Pricing

75~Ch

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

CAT # LED-94 10 for 65¢ each

100 for 50¢ each
1000 for 35¢ each

3.7 Volt, 1400 mAh rechargeable lithium­
ion cell. Made by Panasonic , the prismatic
cell is 1.94" x 1.32" x 0.4" thick . Lithium­
ion cells have a very flat discha rge
curve providing a very stable power
output. Further, they don't suffer from
the "memory" effect and don't need to
be fully discharged before recharging.
The cells have been prepped with a
small custom circuit that adds approx imately
another 0.2" to the length of the cell. The circuit
can be removed . It was designed to provide
spark protect ion, overcharge protection , filtering
and to identify the charger used with the cell. A
schematic of the circuit and specs for the cellI Mini-Vibrating Motor I are available on our website . CAT# BTE-45

$550 10 for $5.00 each
Panason ic # KHN6N01 A. Low vOltag~, --h 200 for $4.00 each
low current miniature vibrating eac .
motor. Operates 1.1-1.7 vdc @ "/---d-·b-/-P--·-'-1-2-1I-'M~-1-2-0-"'"
70 maoMounted on the 0.15" long x 0.02" ncre I e flce. vuc mm
diameter shaft is an easily removable offset Cooling Fan wi Screen
weight. Probably used in cell phones for vibrat­
ing signal. Body size: 0.55" long not inclUding
weighted shaft x 0.28" x 0.28". PC pins.

CAT# DCM-209 $200
110 or more $1.75 each I each

The Brightest!!!
Su er-Ultrabri ht Red LED

Case of 36 for
$30.60 (85¢ each)

10 for $5.00 each
100 for $3 .85 each

R

4 LED Flashlight

oC

ILL
ILl

Power Supply
4 Vdcl? Amp & 3.3 Vdcl15Amp

10 Compartment
Plastic Storage Box

Compact, rugged , black aluminum flashlight
provide s 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. LEO lamps are shock­
resistant and water-resistant and have a long
operating life. Flashlight is 7.5" long x 0.72"
diamete r (handle). Includes 3 AA batteries.
CAT# FL-4

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 # 5B-10

Lambda # PWG00790.
Input: 100-240 VAC @ 2 Amp.
Output: 5 Vdc 7 A,
3.3 Vdc 15 A.
Open-frame
sWitching power
supply. 8" x 3.5" x
1.25" high. Prepped
with 4" leads on input
and 6" leads on output with a 12 pin female
socket connector (0.156" spacing ). UL, CSA.
CAT# P5-79

$6~a~h

NOMINIMUMORDER· All Orders Can Be Charged to Visa, Mastercard, American Expressor Discover · Checks and MoneyOrders Accepted by Mail ·
Orders Delivered in the Stateof California must include California State SalesTax ' NO C.O.D' Shipping and Handling $6.00 for the 48 Continental United
States - ALL OTHERS includingAlaska, Hawaii, P.R. andCanada MustPay Full Shipping . Quantities Limited • Prices Subject to change without notice.

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

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

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

FAX (818) 781-2653' INFO (818) 904-0524

E-MAIL allcorp@allcorp.com

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

UDDLE SYSTEMS
Orders 877·733-4351

Technical info 641-847-3986
Web: www.uddle.com
Circle #36 on th e Re ader Service Card.

TELEPHONE OR
TWO-WAY
RADIO

The DTMF-2 gives you
eight outputs, which

can each sink up to 500mA.
Drive relays and other small

devices directly. Each ou tput can be
latched or momentary with delays from 0.1 seconds to
25.5 hours . Anything from a brief reset pulse to a 24-hour
battery charge is possible. Keypad mode allows an output
to be active for as long as a key is hit. This is ideal for cam­
era pan and tilt control.

Othe r features include: Define your own codes of 1-7
digits for each function. Optional login password adds an
extra level of security. Non-volatile EEPROM memory for
all settings. Acknowledge and tone outputs allow radio
PTTl audio and phone line audio tone confirmation of
entered co mmands . Mute output with adjustable hang
time. Readback command allows you to query the status
of an output. Operates on 6-24 volts. Screw terminals for
all connections. Includes case with mounting flanges .

Available for $79.95. For more information, contact:

SST823, SST824 ULTRA FAST
SURFACE MOUNT ANALOG
SWITCH

• inear Integrated
-.systems is expand­

ing its small signal
discrete portfolio
with another addi­
tion to its high­
speed DMOS
switch family.

LIS announces
the ava ilability of a

new series of n­
channel enhancement

mode DMOS analog
switches designed for high-speed

switching applications which require very low "ON"
resistance and low capacitance.

These ultra -fast switches offer improved accuracy,
speed, and throughput, with less glitch ing or distortion
than any JFET o r multiplexer. Designed fo r high­
frequency RF operation, the SST823 and SST824 offers
the unique combination of five ohms "ON" res istance,
with a reverse transfer capacitance of 3 pF. The SST823-

JUNE 2003

Circl e #37 o n the Re ad e r Se rvice Card.

AX2S00 DC MOTOR
CONTROLLER/DRIVER FOR
MOBILE ROBOTS

ROBOTEQ, INC.
I60I E. Sharon Dr.
Phoenix,AZ 85022
601-549-7535

Web: www.roboteq.com

ROboteq , Inc .,
introduces a

microcomputer-
based dual

channel DC
motor con-
troller capa­
ble of directly
driving up to
120 amps on

each channel
at up to 40

volts .
The AX2500 is

targeted at designers of
m obile robotic vehicles

including Automatic Guided Vehicles (AGV), Underwater
Remote Opera ted Vehicles (ROVs) , co m bat robots
(Battlebots) , and robots for exploration , hazardous
material handling , and military and surveillance
applications.

The controller accepts commands from either
standard RIC radio for simple remote-controlled robot
applications or serial port interface. Using the serial port,
the AX2500 can be used to design fully or semi­
autonomous robots by connecting it to single board
computers, wireless modems, or wireless LAN adapters.

The controller's two channels can be operated
independently or combined to set the direction and
rotation of a vehicle by coordinating the motion on each
side of the vehicle. The motors may be operated in open
or closed loop speed mode. Using low-cost position
sensors, they may also be set to operate as heavy-duty
position servos .

The contro ller supports a lon g list of features,
including an alog and digital lias for accessories and
sensors, battery voltage monitoring, thermal protection,
programmable acceleration, input command wat chdog,
and non-vol atile storage of configuration parameters.

The AX2500 is built into a robust extruded
aluminum case, which also serves as a heatsink for its
output power stage. The large fin area ensures
sufficient heat dissipation for operation without a fan
in most applications.

The AX2500 is available now at $485.00 in single
quantities , complete with cable and configuration
software.

For more information, contact:

40



e Tel: + 1(416)236 3858
ABACOM Free CO Catalog Fax: +1( 416)236 8866
Technologies abacom@abacom-tech.com

Same Day Shipping- Visa, MasterCard, Amex, Diners Club cards welcome

• Transmitters
• Receivers
• Transceivers
• Antenna
• RF subassemblies
• Radio Modems
• EvaluationKits

• Amplifiers
• Dataencoders
• Datadecoders

Typical Applications

• RFremotecontrol
• Datacommunications
• Wireless Audio
• RFdataacquisition
• Wireless Security

• RoboticS
• Remote Sensing
• Remote Monitoring
• WirelessNetworking

-:::-
~.
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~---;

Great selecti on of...

UV Erasers From $49 .95
Universal Programmers from $249.00

Tel : 303 -8 13-9000
Fax: 303-813-9019

www.eemall.com
LOGICAL
DEVICES, INC.

EPROM Programmers &
UVErasers

High Quality, LowCost,Since1980

C ircl e #3 8 on the Reader Service Card.

BELLIN DYNAMIC SYSTEMS, INC .
21 I S. State Col lege Blvd. #319

A naheim, CA 92806
Tel: 714-630-8024
Fax: 714-630-8025

Email: jsohn@beldynsys.com
Web: www.beldynsys.com

Circle #39 on the Reader Servi ce Card .

LINEAR INTEGRATED SYSTEMS
Paul Norton

4042 Clipper Ct. , Fremont, CA 94538
510-490-9160 Fax: 510-353-0261

Email: SaleS@Linearsystems.com
Web: www.linearsystems.com

CONTROL VIRTUALLY
ANYTHING FROM YOUR
ECONOMICAL 508 SMT
ADAPTERS

Be II i n
Dynamic

Systems, Inc.,
introduces our
latest Snap­
Apart" SMT
adapter
board, the
P510. The
P510 pro-
vides 140

S08 adapters on a 5" x 7.6" PCB that eas­
ily snaps apart into individual adapters. The P510
is an economical solution for those and many
other projects requiring S08 adapters .

Bellin Dynamic Systems, Inc., is a provider of rapid
prototyping tools for engineering development, including
many other styles of Snap-Apart boards like the P510.

The P510 is currently available for $50.00 each.
For more information, contact:

824 series features switching speeds of 2 nS turn-on time
and a 3 nS turn-off time. The SST823 version switches
analog signals up to ±7.5 volts , while the SST824 version
switches analog sign als up to ±10 volts. Both versions can
switch currents up to one amp, and feature integrated ESD
protection diodes.

In 100 ,000 piece quantities, pricing starts at $0.65 for
the surface mount package.

These switches are well-suited for high-speed analog,
optical, and video switching. Typical applications for the
SST823-824 include: laser modulation for fiber optics and
video switching, laser diode switching, analog-to-digital
converters, digital-to-analog converters, multiplexers, and
switch drivers .

For more information, contact:
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Electronics

Troubleshooting
Circuit Tro ubleshooting

Handbook
by John D. Lenk

When it comes to t rou- ,-- - - - -..
bleshooting, no other
book even comes close ­
hundreds of circuits are
covered in this exhaustive
handbook.The result is the
most comprehensive and
reliable circuit compendi­
um ever assemb led.
Heavily illustrated with diagrams and
schematics, it uses an easy-to-follow format
to help readers understand and trou­
bleshoot a wide range of circuit types , and
provides proven circuit testing techniques
for all levels of inst rumentat ion. $39.95

Encyclopedia of Electronic
Circuits Vol. 7

by Rudy Graf
Des igned for quick
reference and on-the-job
use , the Encyclopedia of
Electronic Circuits,
Volume 7, puts over
1,000 state-of-the-art
electronic and integrated
circuit des igns at your fin­
gertips.This collection
includes the latest designs
from indust ry giants such as Advanced
Micro Devices, Motorola,Teledyne, GE, and
others, as well as your favorite publica-
tions, including Nuts &Volts! $ 39.9 5

Understandin g Automotive
Electronics Fifth Edition

by W illiam B. Ribbens
This edition of
Understanding Automotive
Electron ics covers the most
recent technological
advances in operation and
troubleshoo ting of electron­
ic systems and components.
This is a practical text,
suitable for the automotive technician , stu­
dent, or enthusiast . It includes low-emission
standards, on-board diagnostics and
communications, digital instrumentation,
and digital engine co ntrol. $ 34.9 9

Guide To Understanding
Electricity & Electronics

by Randy Slone
For the true beginner, ,........-~~------.,

there's no bette r introduc­
tion to electr icityand elec­
tronics.You'li also find 25
complete projects that
enhance your
electr icity/electronics mas­
tery, including 15 new to
this edition,and appendices
packed with commonly used equations, sym­
bols, and supply sources. $ 24.9 5

JUNE 2003

Building Robot Drive Trains
by Dennis Clark I Michael Owing

This essential title is just .R cieOT
what ro botics hobbyists I..c.","--"l.~

need to build an effective
drive tra in 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 $ 24.9 5
force-conveying systems.

Everything you need to build your
own robot drive train:

*The Basics of Robot Locomotion
* Motor Types:An Ove rview
* Using DC Motors
* Using RC Servo Motors
* Using Stepper Motors
* Motor Mounting
* Motor Contro l
* Electronics Interfacing
*Wheels and Treads
* Locomotion for Multipods
* Glossa ry of TermsITables, Formulas

Co m bat Robots Complete
by Chris Hannold NeW'

Here's everything you need
to jump into the fascinating
and fun world of fighting
robots - even if you don 't
have advanced electronic
or engineering skills.The
author - a five-year fight­
ing bot and 20-year bot
vete ran - offers priceless
"insider info" covering everyth ing from
step-by-step guidance on constructing your
first combat robot to the lowdown on the
federations that sponsor or guide competi­
tions . $ 24.9 5

JunkBots, Bugbot s, and Bot s on
Wheels: Building Simple Robots With

BEAM Technology NeW'
by David Hrynkiw I Mark Tilden

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
auto nomous robots and
gizmos. Get step-by-step inst ruct ions 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 ro bot bug, and more. Grab your
screwd river and join the robot-building
revolution! $ 24.99

Build Your O wn Combat Robot
by Pete Miles ITom Carro l

Build a powerful and invin­
cible robot for full-blown
competition or just for fun
using th is authoritative
robot resource. This team
of experts gives you an
inside look at the innova­
tive new world of robotic
combat, explaining the ori ­
gins of the sport, as well as all the elements
that go into constructing a fighting robot.
Learn technical basics from motors and
wiring to locomot ion, and read builders '
true stories from the front lines of robot
competition.Whether you're mechan ically
minded or not, you'll find this book both
entertaining and informative. $24.99

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

Rob ot Builde r 's Sourcebook
by Gordon McComb NeW!

Written by Gordon
McComb, author of the B.o~ot . ~~
classic Robot Builder's ==S'
Bonanza, one of the most .iiiii!-_~
popu lar books ever writ­
ten on amateur robotics,
the Sourcebook lists
over 2,500 mail-order
suppliers and other
sources.You'll find
detailed information about the resources,
including addresses and phone numbers: In
short, everything you need to find - and
acquire - com mon and uncommon ro botics
parts and supplies. In order to provide a
true "robotics goldmine," th is one-of-a-kind
guide also includes:

• Dozens of informative "sidebars" to
help you understand essential robotic tech­
nologies such as motor types , sensor
design, and how to select the best materials .

• Scores of re levant articles designed to
fill- in informational gaps, stimulate thinking,
and help you make the most of all the
material the Sourcebook makes available to
you. $24.95



The Hacker Diaries: Confessions
of Teenage Hackers

by Dan Verton
Through fascinating inter- _-...---_
views with FBI agents .
criminal psychologists.
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 unde rstand the ...!..
internal and external ------
pressu res that pushed them deeper and
deeper into the hacker underground.
$14.99

Radio & RF

computer Hacking
Viruses Revealed NeW'

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
detection 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 protect your system .You'll get
insight into the var ious types of malicious
software - includingTrojan horses. macro
viruses. and worms - and also learn
about virus hoaxes . $39.99

Hacking Exposed: Network Security
Secrets & Solutions, Fourth Edition

by St uart McClure / joel Scambray /
George Kurtz NeW'

This brand-new edition
of the best-selling securi­
ty book covers all the
latest hacks and counter­
measures and includes a
bonus DVD with the
authors' famous "Hacking
Exposed Live" presenta­
tion! $49.99

Secrets of RF Circuit Design
Third Edition by joe Carr

This revised and
updated guide gives
you the best ways to
design, build,and test
today's radio frequen­
cy circuits. It's filled
with projects and
experiments that make
it easy to apply RF
principles to real-life
applications. $39.95
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Programming & Customizing
the 805 I Microcontroller

by Myke Predko
Programmingand r!:JII•••
Customizing the 8051
Microcontroller puts you in
control of the 8051's
architecture and inst ruc­
tion set - and even sup­
plies a baker's dozen of
ready-to-build example
applications , programs, and '-;---;-:;= -===c....--'
circuits . Best of all, the included CD-ROM
supplies so urce code for the book's experi­
ments and applicatio ns. $39.95

$49.95 $69.9 5
each 2 volumes all3 volumes

In 1995. Scott Edwards began authoring a
column on BASIC Stamp projects in Nuts
& Volts Magazine.The column quickly
became a favorite of Nuts & Volts readers
and continues today with Jon Williams at
the helm. The Nuts & Volts ofBASIC Stamps
is a th ree-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

High Voltage
Homemade Lightning: Creative

Experiments in Electricity
by R.A. Ford

Enter the wide-open fron­
t ier of high-vo ltage elec­
trostatics with this fasci­
nat ing. experiment-filled
guide.You'll discover how
to make your own equip­
ment, how electricity is
used in healing. and the
workings of many experi­
ments in high potential
physics! $14.95

Programming & Customizing the
BASIC Stamp Computer

by Scott Edwards
This edit ion moves
you br iskly from
electronic foundations
through BASIC Stamp
"Boot Camps" and an
intelligent traffic signal
simulation to build a
robotic bug with whisker
sensors, a timeltempera­
ture display. and a data­
logging thermometer. $39.95

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 dis­
tinct ring detector and
router ... home automa­
tion using X-I 0 commu­
nications ...digital oscillo­
scope ... simulations of
fuzzy logic and neural
networks ... and many
other applications. $19.95

Build Your Own PC Home
Entertainment System

by Br ian Underdahl NeW'
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 stunn ing audio and top quality
video results th rough your Pc.This book
shows you how to build your own home
entertainment center using an ordinary
Pc.Watch and reco rd TV shows and
movies, put your entire CD collection on
your hard drive, and listen to radio stations
from around the world. $14.99
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Home Entertainment

Programming & Customizing the
HC I I Microcontroller

byTom Fox
Applications bazaar for the
68HC I I microcontroller.
Squeeze every drop of
power out of Motorola's
wildly popular family of
68HC I I true 8-bit single
chip computers! From
basics to complete
applications. $39.95

Programming & Customizing
PICmicro Microcontrollers
2nd Edition by Myke Predko

This book is a fully updat­
ed and revised compendi­
um of PIC programming
info rmat io n.
Comprehensive coverage
of the PICMicro's
hardware architecture
and software schemes
complement the host of
experiments and projects
making this a true, "learn
as you go" tutorial.
$49.95



Stamps Meet Playstation

Be in "Control" of Your Next BS2 Project

Playstation 44
Autonomouse 49
Cat Feeder 54
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1GJ,ntt9SY.5tett1

TO find out the level
of difficulty Far each
of these projects,

turn to F"uZ-Zball [or
the answef's.

The sc-ale is from
1-4, With {our
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the rsare difficult Of'
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You'll also find
infof'mation induded
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ao/ spec-ial tools
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need to complete
the project:

Let the
soldef'in9 begin!
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A re you looking for a cost-effective
user interface for your next BASIC
Stamp (BS2) project? Give the Sony

Playstation® 2 (PS2) controllers a try. For as
little as $10.00, you can have a 16-button seri­
al switch panel in the form of a generic Sony
Playstation (PS2) controller. Or, you can con­
trol your next BASIC Stamp (BS2) project
using the analog joysticks found on the PS2
controllers.

This article outlines the experiments I
have performed with the PS2 controller. In the
first section, the basic operation and interfac­
ing the PS2 controller to a BS2 is discussed.
Then I will demonstrate how to control a four­
axis robotic arm (Photo 1) with the PS2 con­
troller via a BASIC Stamp.

An Idea is Born
This idea started as a simple search for a

two-axis joystick. I went to the local depart­
ment store and had no luck finding anything
remotely like what I was looking for. But, what
I did find were inexpensive generic Playstation
controllers with two joysticks built into them. I
had no idea if I could get it to work , but for
$9.95, it would keep me entertained for a few
hours.

When I got home, I opened the controller
only to find a silicon "blob" on the board. I
obviously needed more information. After a
quick search on the web, I found the pin out
and basic signal specifications of the PS2 con­
troller. That's aliI needed. I fired up my BASIC
Stamp 2 Board of Education, and soon I had
the PS2 controller and Stamp talking to each
other.

Playstation Controller
The Sony Playstation controller (Photo 1)

contains two analog joysticks and 16 switches
(the last two switches are activated when the
joysticks are pushed down). Interface to the
BASIC Stamp is accomplished via synchro­
nous serial communications. Synchronous
communications is similar to the asynchro­
nous serial communications, such as the
COM port found on your computer. It does,
however, require a clock signal in addition to
the receive and transmit signals. The PS2 con-

troller also requires an "attention" signal
before it will respond. This last signal is
required since the PS2 controllers are often
multiplexed with other controllers or devices
on a common buss.

Hardware Connections
The PSX controllers uses a simple syn­

chronous data transfer scheme. It requires
four "data" lines in addition to ground and
+5VDC. Please refer to Schematic 1.

Data:
Data from the PSX controller to the

Stamp. A pull-up resistor R1 is required.

Command:
Commands from the Stamp to the PS2

controller.

Clock:
Synchronous clock under Stamp control

- we must invert this signal. Transistor Q1
and resistors R2 and R3 form a NOT gate.

Attention:
Command from Stamp.

Ground:
Connect to the same ground as the BS2

is using .

+5VDC:
Connect to a convenient +5VDC. Do not

use the Stamp's Vdd output or you may dam­
age your Stamp!

Some of you may question why I chose to
design and code the project using a transistor
inverter. Why not develop the inverted clock
using software? True - the hardware design
would have been simplified. However, my
objective was to make this project as simple
to understand and implement as possible.
With this goal in mind , I believe it is better to
add the extra hardware and retain the ability
to use the SHIFTIN and SHIFTOUT com­
mands of the Stamp.

Those of you with experience program­
ming the Stamp can challenge yourselves to
operate the PS2 controller without the transis-
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The pseudo code algorithm for ta lking to the PS2 con­
troller is quite simple:

45

Serial Data

to SSC-12

c I

+5VDC

The Lynxmotion 5 arm has four-axis of motion (base,

Lynx 5 Arm

challenging to control. That's when I remem bered the
ad vert isements in th is magazine. I emailed Lynxmotion
and received a quick response with some suggest ions on
how to implement th is design. I then purchased a Lynx 5
robotic arm kit, a SSC- 12 se rvo controller, and a Next Step
BASIC Stamp carrier board. This is a natural combinati on
with the BS2jPS2 controller, and it rea lly is a lot of fun to
play with. The kit arr ived complete with all parts and full
documentation. I was very impressed by the attention to
detail and precision put into the kit. Part identification was
easy, as each part is clearl y pictured in the assembly man­
ual. I will now give a quick introduction to each of the com­
po nents used in th is project. Then we will get to the
specifics of interfacing the rob otic arm to the BS2.

GND

+5VDC

Schemati
2.2K

1
P2
P3

I -,
P, P15

~
/

+5VDC GND rBS2 Carrier
Board GND

2.2K

'------<

b 2.2K

2N4400 or Equiv .
~

PO

- 1

• View Looking Into PS2 Connector
Note: All grounds referenced to BS2 Carrier Board

*
OAT
CMO

+7.5VDC
GNO

+5VDC
AnN
ClK
NC
ACK

The reader must aJ possess knowledge on programming the
852. Additional information and many useful examples are
available at www.parallax.com; bJ have access to a PC
capable of programming the 852; and cJ have access to basic
hand tools to access the Lynxmotion kit.

The Algorithm

The code found in Prog ram 1 displays the PS2 con­
trolle r data in the Stamp DEBUG window. (Program 1 can
be downloaded fr om www.nutsvolts.com.) The output
is divided into six columns. A typical output line looks like
this :

to r inverte r. Figure 1 shows th e timi ng relationship
between the signals. Notice that all signals are ac tive low.
To start communication , the Attention line is enabled (held
low). Then th e "send da ta co mmand" (HEX 01 and 42) is
sent using the BS2 SHIFTOUT command. The Playstation
co ntro ller is then read us ing the SHIFTIN comma nd .

11111111 11111111 128 128 128 128

Step 1 - Select the PSX controller by setting Attention low.
Step 2 - Send the start comma nd ($0 1).
S t ep 3 - Send the request da ta command ($4 2) .
Step 4 - Read and discard first byte (this byte indicates if

the controller is in ana log mode) .
S tep 5 - Read two bytes of data for switches.
Step 6 - Read an additional four bytes for joysticks data

(optional).
S tep 7 - Set the attention line high.
S tep 8 - Done

This tells you that the PSX co ntroller is
up and running - remember to select ana­
log mode or else the last four numbers will
all read "255." The first 16 bina ry digits tell
you the status of the individual switches ­
they are no rmall y high. Any button that is
pushed will output a O. The next four
co lumns indicate the position of the joy­
sticks . The actual number will vary slight­
ly, as the joysticks do not always return to
exact ce nte r.

As you run th is program , you will
notice one of the peculiarities of the
Stamp. All leading zeros are su ppressed
so the data will sometime s appear to sh ift
to th e left as the buttons are toggled.
Figure 2 co rrela tes the PS2 button to th eir
corresponding bit loca tions.

Lynxmotion

Afte r I had the Playstation -to-BS2
inter face working, I wanted some th ing

JUNE 2003



Project

*Analog mode only.
# The joystick data values vary linearly with position . For example , if you were to push the
left joyst ick halfway up, byte 6 would read 64.
% Not all controllers use an eight-bit analog-to-digital converter.There will be seven,
eight-bit steps if you use an inexpensive controller.

* # % Right joystick left I right, 128 =center, 0 =left, 255 =right
* # % Right joystick up I down , 128 =center, 0 =up, 255 =down
*# % Left joystick left I right, 128 =center, 0 =left, 255 =right
*# % Left joystick up I down , values vary from 128 to 255, joystick divided
into two sections full up yields 128, mid =128 or 255, down =255

Serial output command
Output data on pin 15
9600 baud, eight-pit no-parity, inverted
(dec 16468)
Atten tion SSC-12
Select servo 0, move it to the new
position at a rate equal to 1.27 full range)
Set servo to mid position (values range
from 1 to 254)

BO

Select

BI

* L joy
button

255
128

128

SEROUT
15
$4 054,

The Next Step board is a solid prototyping board for
the BASIC Stamp. It contains
two LEDS, two switches, two
pull-up resistors, and connec­
tions for up to 16 RIC servos.

One of the worst problems
faced while coding any project
is loose connections. To solve
this problem, I wire-wrapped
the carrier board onto a large
piece of perfboard (Photo 3).
To this larger board, I added
the connections for the PS2
controller and an LCD display.
There is plenty of room left
over for future experiments.
The socket for the PS2 con­
troller was removed from a
MADCATS brand extension
cable I purchased at a depart-

Next Step Carrier Board

SSC-12 (refer to Block Diagram 1). To control a servo, the
BS2 outp uts a serial string . A typical BS2 command is
ou tlined below:

SEROUT 15, $4054, [255, 128 + 0, 128)

The grea test benefit that comes from using the SSC­
12 is speed. Since the SSC-12 remembers the servo posi­
tions, th ere is no need to constantly update the positions.
The BS2 can then spend the majority of its time interro­
gating the PS2 controller. It only updates the servo posi­
tion s when an a ppropriate button is activated. This great­
ly inc reases the time response to the user commands,
making it easier to control the robotic arm.

Be careful when first applying power to the SSC-1 2.
Phys ically place all the arm joints to their mid-range posi­
tions . If this is not done, the servos will violently move
until they are at their mid-range positions. Please note
this that is not a defect of the SSC-12. It is a problem
inherent with RIC servos . There is simply no way of phys­
ica lly knowing where the servo will be when power is first
applied. There a re other ways of preventing th is start-up
problem. You could, for example, command the servos
to a n off-sta te by sending zeros for position. You could
then command each servo to its rest position. I have not
included this code in the examples and leave it up to your
ex perimentation .

B2

* R joy
button

B3

Start

Figure 2. Playstation to Bit Location .

PWff.'

u

B4

Triangle R #1 L #1 R #2 L #2
shoulder shoulder shoulder shoulder

u

B5

o

B6

x

L ctrl L ct rl L ctrl L ctrl
Larrow Darrow R arrow U arrow

B7

Square

u

Byte #2

Byte #3
Byte #4
Byte #5
Byte #6

Byte #1

Command

AnN IL ...!!~~

Clock

SSC-12

sho ulder, elbow, and wrist) plus gr ip. Each joint is con­
trolled by an RIC servomotor. The sho ulder joint is co m­
posed of two servomotors in pa rallel for increased torque.
The arm ca n pivot 180 0 and ca n st retc h out to about 14
inches. It has the st rength to pick up small items. The
mechanism had very good repeatability. In my expe ri­
ments , it always return ed to the same location - give or
take a tenth of an inch .

The Lynxmotion SSC-12 servo controller (Photo 2)
greatly simplifies the so ftware requirements in co ntro lling
the robotic arm. All five of the servos are connected to the
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Block Diagram I.
BS2 to Lynx 5 Interface.

Asynchronous
Serial

I

47

Final Thoughts

buttons have been activated. The code labeled is_base_L is
typical of each of the button tests. The first line tests the
button associated with moving the base left. If active, i.e.,
logic 0, the code continues with the is_base_L portion oth­
erwise it vectors to the is_base_R routine. The next line
tests if the base is at its left most position. For the SSC-12,
no rmal values a re 1 to 255. The third line actually changes
the position. The last line updates the SSC-12 servo con­
troller, which then updates the appropriate servo.

Several different ways were evaluated to update the
servo positions. Th is straight-line version isn 't very elegant,
but it worked the best. It has the advantage of speed since
the SSC-12 is updated only when an actual change in
servo position occurs (ser ial communication with the BS2
is very slow even at 9,600 baud). This code, as written,
also allows for multiple simultaneous arm movements.
The re is a not iceable slowdown when two or more servos
are active.

The old adage - you get what you pay for - still holds
true. Watc h out for cheap controllers. If you are only us ing
the digital functions, go for the cheap controllers and sk ip
the rest of this paragraph. But, if you are us ing the analog

I -,
Base Servo/

I
SSC-12 ,

Play Station BS2 Carrier ,~ ~
Shoulder Servo,

ServoController /1' / Board
~

Elbow Servo

I Controller
~

Wrist Servo
I Grip Servo
I

/

Synchronous Lynx5
Serial

Controlling the Arm

ment store (Photo 4).

Block Diag ram 1 shows how to connect the Lynx 5 to
the BASIC Stamp. The code to control the robot arm is
included as Program 2 available for download on ou r web­
site (www.nut svo lt s .com) . Substitution greatly sim plifies
the code. In the Equates section of this program, each arm
movement is assigned to a particular button of the PS2
controller. For example, the a button is assigned to move
the base toward the left. Substitution grea tly simplifies the
process of reassigning the PS2 buttons. If you wanted to
swap the directions of base movement, simply swap the
equates PS2B2.bit5 and PS2B2.bit7.

The initia lization section of this code se ts all of the arm
position reg isters to their mid-range positions . This step is
required so that the position registers ag ree with the initial
power up positions of the SSC-12 se rvo controller. As men­
tioned before, be sure to physically place the arm joints to
their mid positions befo re powering up the arm. This will
prevent a jerk at start-up and result in a longer servo life.
After the position registers are assigned, they are sent to
the SSC-12 sent to servo con-
troller.

The read_PS2 controller
code has been trimmed to
accept only the inputs of the
16 buttons. The status of the
buttons is stored in bytes
PS2B 1 a nd PS2B2. Th e
Equates section of the code is
where each button is assigned
to a pa rticular movement of
the arm. For example, if the
operator depresses the
Playsta tion a butto n, bit 5 of
the PS2B2 will toggle indica t-
ing an active switch .

The final portion of the
code tests if any of the PS2
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WWW.STAR.NET/PEOPLE/-MVS
MVS Box 803 >MVS15y r Limited.Wa,rranty

Nashua,NH 03060 Free Shlppmg
(508) 792 9507 • Mon-Fri 10-6 EST

Resources

More di6plaY6 available,
including bright VFD6.
See www.6eetron.com

$45
BPI·216N

$119
TRM·425L

Scott Edwards Electronics, Inc.
1939 S. Frontage Rd. #F. Sierra Vista. AZ85635
phone 520-459-4802 • ax 520-459-0623
www.see tron.com ·sales@seetron.com

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

• 3.2 x 1.4 in . supertwist LCD
• 2400/9600 baud serial
• Low (",2mA) current draw
• Great with BASIC Stamps®

$99
• 3.2 x 1.4 in . graphics LCD SGX.l 20L

• 2400/9600 baud serial
• Font and 15 screens in EEPROM
• Ea sily draw points, lines, screens

• 3.2 x 2 in . backli t LCD $49
• 1200-9600 baud serial ILM·216L

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

Project

In terface a sharp LCD display to your BASIC Stam p® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits availabl e too. See www.seetron.com today.

www.stndev.btinternet.co.uklpsxpads.txt
www.stndev.btinternet.co.uklusb2psx.gif

http://laurent.saintmarcel.free.fr/psxl

Seetron Serial LeDs

joysticks spend the ext ra money and purchase a true Sony
or other top-model contro ller. The first reason to spen d the
extra money is to get full eight-bit resolution on the joy­
sticks. To save money, the inexpensive controller read the
joystic ks with five-bit analog-to-digita l co nverte rs. With five
bits , you only get 32 steps over the full ran ge of the joy­
stick, whereas a more expensive controller will have 256
steps. Also I have had problems with noisy joys ticks. On
one $9 .95 controller I pu rchased, neither of the joysticks
were stable enough to use pred icta bly.

Wireless controllers are available for the Playstation. I
have not tried one, but I see no reason why they would not
work in this application.

The Lynxmotion robotic arm pe rforms very well. The
SSC-12 se rvo co ntrol is almost a nece ssity when using the
BS2. As a challenge, try to multiplex the PS2 controlle r
with other serial devices - only the attention pin must be
dedicated to a n individual controll er. A serial memory
device could be added to the Sta mp. You could then
"teach" the a rm a se ries of moves. Multiple positions could
be sto red in memory and then played ba ck later. Kee p on
cod ing! NV

Add vision at low cost!
Perfectfor inspection,
security.robotics. Full
frame buffer unlike sx,

• pci,usb type. Industry
std PCl04 form factor.

-Color & BW up to 640x480 oem(1 k)
-Serial/parallel:pie,avr,z80,pc $27
-Fullspeed: to 30 frames/sec
-Simultaneous composite out evalkit(1 )
-Use w/digital CMOScamera $95
-C, BASIC, Assembler source
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The all-too-familiar fear of mice is gone!
Build your own "rodent" that's actually fun to have around!

•
'. .. ... .

... :...
- . -

Slots cut to suit
wheel spacing

49

Figure 3 shows the method I used to make the
motor/wheel assembly. As I mentioned, I had a set of
wheels and a decent stock of motors from which to
choose, so I decided to make my own drive train. You can
follow this assembly if you wish , or you can buy some­
thing from your local hobby shop, or perhaps you can
accidentally "lose" one of your kids ' toy cars, and take the
drive tra in out of there. Either way, you probably will have
to work on it a little before everything will fit, and still allow
the top of the mouse to be reattached. Aga in, if you need
to, you can always bring the wheels outboard from the

Wheel and motor assembly

the wheels from catching as they rotate. If your wheels , or
the spacing between the wheels, make the assembly too
large to fit inside, you can always have them outside the
mouse, like outriggers. .

Remove all
internal plastic
parts outl ined
in blue

Au"tonoll1ouse

Preparing the mouse body

Looking for a fun way to make a small robotic vehi­
cle , and dispose of some of those old mice you may
have lying around at the same time? I had about six

computer mice in various stages of disrepair, and I didn't
know what to do with them. I couldn't bring myself to just
throw them away. But then it hit me. I've always been inter­
ested in robotics , and autonomous vehicles, so I thought,
"What about an autonomouse (note the "e" on the end)?"

I've had a couple of Gen ius mice over the yea rs, and
during the time I had them, they served me well. When
they died, I tossed them into a box in the garage with other
assorted electronic junk, and there they sat. I don't like to
throw things like this away. For one thing, there are some
really small switches inside, plus the optical components.
Having an interest in robotics like I do , makes you save
small switches and mechanisms like this , and I'm sure I'm
not the only one who feels th is sentiment.

The body of the autonomouse (or robomouse, what­
ever you prefer to call it) can be any kind of mouse that
has enough room inside (once you gut it) to fit a motor,
some wheels, and a battery.

Start by taking the mouse apart and removing all the
works inside. Leave the body intact, but remove all sup­
port members on the bottom part of the mouse that
would have held the ball and supported the PC board.
With the Genius, you'll need to cut away a lot of plastic
material from the inside of the top cover, as well (where
the keys are) , otherwise you won't have room for the
motor and battery (see Figure 1). Cut off as much as you
can with wire cutters and finish off with a piece of sandpa­
per wrapped around a block of wood. You'll find if you get
the inner surface reasonably flat, you 'll have just enough
room to mount a small motor and battery. Also , you
should cut off the small extensions on the underside of the
keys . These are the pads that contact the small buttons on
the PCB. Cutting them out will give a little more room for
the obstacle sensing switches and control board.

Obviously, with so little space to work in, you have to
find a small motor and wheel assembly. When I made my
mouse, I had some odd wheels lying around from anoth­
er project, and I made a simple carrier for the wheels and
a pivoting assembly for the motor.

Take the bottom of the mouse and cut two wheel slots
to suit the wheels you have and the spacing between
them, as seen in Figure 2. With mine , I cut away the Teflon
pads on the bottom of the mouse, and then cut deeper
into the plastic, until I was able to break away the plastic
that was under the Teflon . I then took a flat file and made
the slots a little wider and smoothed the sides to prevent
JUNE 2003
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sides of the mouse.
Get a piece of perfboard and cut it to fit the inside of

the bottom of the mouse as sh own in Figure 2. The long
notches at one end allow the wheels to run freely when
the assembly is mounted in the mouse body. The sh orter
notches allow the board to fit between the front attach­
ment posts.

The wheels I used were about 3/4-inch in diameter,
and about 3/16-inch thick, a nd had a thin layer of rubber
on the rim. I assembled these on a common axle, and
locked both whe els to prevent slipping. Since there is only
one motor, you need to lock both wheels to the axle, oth­
erwise your mouse will just turn in circles. I used a short
length of #2-56 threaded rod as the axle. With one wheel
locked in place, get a small piece of Teflon sleeving and
slip it over the shaft before mounting the other wheel. The
Teflon will define the distance between the wheels , so get
it right to the slots in the bottom of the mouse. The sleev­
ing gives you something to hold the shaft to the lower
mounting plate, yet allows the shaft to turn freely.

Put the wheel assembly on the perfboard and thread
a small piece of copper wire through the holes in the
board, then across the Teflon sleeve to hold the shaft to
the board as shown in Figure 3. Thread a second piece of
wire around the Teflon sleeve and twist both pieces to
hold the shaft firmly to the board. Next, make sure the
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Perfboard cut
to suit mouse

Figure 4. Assembled
motor and wheel
mounting detail.
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wheel assembly is centered on the perfboard and run a
bead of hot-melt glue or epoxy over the Teflon sleeve and
let things sit awhile and set up . The wire will hold things
in place until the glue sets.

The motor I used had enough shaft resting on one
wheel rim to drive the wheel by friction. Slip a piece of
heat-shrink sleeving over the shaft for extra grip .

The motor was intended to run off 3VDC nominal,
and had a mounting flange attached to it. Unfortunately,
the flange was too big to allow the top cover to fit on the
mouse, so I had to remove the flange and perform a
minor 'operation' on it to make it fit. I left mounting holes
in the flange on one side of the motor only, and used
them to mount the motor to the perfboard plate. Use
small pieces of wire to anchor the motor to the board,
using the holes in the flange. Don 't tighten the wire too
much, though. Leaving the mo tor free to hinge a little
allows any eccentricities in the wheel to be taken up . To
make sure the motor doesn't bounce off the rim of the
wheel and behave erratically, I added a thin, weak exten­
sion spring with a hook at both ends to hold the motor in
firm contact with the wheel rim. Alternatively, you could
hook up a rubber band to do the same thing. Figure 4
shows details of the motor and wheel mounting after
assembly.

When the assembly is complete, connect a 1.5-volt
battery to the motor and see that it turns freely , and that
the wheels rotate without sticking or slipping.

Power control and obstacle
sensors

In order for our little toy to exhibit some autonomous
functi on other than travel in straight lines, we sh ould ad d
some kind of sensor to reverse the motor drive if it runs

PARTS LIST
I - MC 140 II CMOS Quad NAN D gate
QI - 2N3904 N PN
DI - IN400 1
C I - O.O IIlF
C2 - 10llF
RI - ISOk
R2 - 6.8M
R3 - ISOk
R4 - 2.7k
RS - See text
KI - PC mo unting relay DPD T Digi-Key part # PB289-ND
o r equ ivalent
MI - Small electric motor, see text
SI - SPST switch
BYI - Alkaline batte ry, Duracell # 21/23 12V o r eq uivalen t

All resistors 1/4W, all capacit o rs 2SVDC

Miscellaneous:
An old two or three button co mputer mouse (non -working
preferred). Perfboard, copper-clad PC board, sol de r, thin flex­
ible wire , #34 o r # 36 magnet wire, small wheels, sma ll ID
brass tubing, and various mounting hardware.
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Figure 6. Close-up
shot of the whiskers .

Make shallow
sawcut here

Figure 5. Mounting
the "whiskers" and
front wheel.
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The whisker assembly is mounted to a small piece of
copper-clad PC board, cut as shown to fit around the front
steering wheel. Cut the copper across where the two brass
tubes will be soldered, as seen in Figure 6, and connect
the two small isolated pads together. This forms one side
of the edge detector switch. Make a small coil of wire
using #34-36 magnet wire, and connect one end to the
steering wheel assembly, and the other end to the edge
detector switches. Mak ing a small coil reduces the springi­
ness of the wire and reduces the influence the wire has on
the steering . Drill a hole that will take a #4-40 screw to
hold the assembly to the lower part of the case. See
Figure 8 for details.

Photo 1 shows my version of the autonomouse right
before installing the battery. Note that the board is angled
slightly. The battery will drop in behind the motor. The
small projection you see on the right side of the motor and
above the hole where the ball normally fits is a piece of
wire I soldered to the motor case for the small extension
spring I mentioned earlier. The red and blue wires cross­
ing the motor will be soldered to the battery and switch
later.

No special tools are required, although i( the constructor had a
Dreme/-type rotary tool it would make Ii(e easier. In addition, a
soldering iron, hot-melt glue gun, a small drill, and a (ew hand tools
are all that is required. No special skills arerequired, except perhaps
(or manual dexterity.

into something. Nothing would cause loss of inte rest
quicker than a motorized veh icle that tried continuously to
run through a wall or, perhaps get stuck in a corner.

For a mouse, whiskers would seem to be appropriate,
and the whiskers are shown in Figures 5 and 6 - two sets
of whiskers, in fact.

The upper set of whiskers pivot about a vertical post,
and detect when an obstacle in front of the mouse is hit.
These whiskers also turn the front wheel, and cause the
mouse to back away in an arc during the reversal time.
This realigns the mouse relative to the obstacle, and when
it starts to run forward again , allows the mouse to steer by
the obstacle. The detect circuit is triggered and causes a
reversal of motor drive for a fixed time period, which
allows the mouse to back away and turn from the path of
the obstacle. The lower set of whiskers pivot about a hori­
zontal axis , and detect the edge of a table or platform , and
will reverse the direction of the drive motor for a fixed time
period, if the mouse is about to run off an edge.

There is not much room in the body of the mouse,
and careful adjustment of the sensor whiskers is required
if they are to work as intended. Use stiff wire to make the
whiskers, or you'll constantly be reshaping or adjusting
them. In my version, I used straightened paper clips. The
small diameter brass tubing holding the two lower
whiskers can be found in most model or hobby shops.
Make sure that in the free state, the two lower whiskers try
to reach the lowest position, but are prevented from doing
so by the wire that forms one side of the reversing switch.
Don't let the lower whiskers fall too low - if the ends fall
below the level of the table, the mouse will get stuck on
the edge, and will not be able to back away.

You need to set the
trip point very close to
the running point Oust
touching the surface).
In the upper whiskers,
you 'll need to solder a
small washer to the
wires for the pivot point,
otherwise it will not be
able to maintain the cor­
rect position on the
pivot post. Use a #2-56
or #4-40 screw as the
pivot post, but do not
tighten the screw too
much. When these
whiskers hit an object,
they will turn the front
wheel , and cause the
motor to reverse in the
same manner as the
lower whiskers. See the
close-up view of the
whiskers in Figure 6.
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Photo I . Final assembly minus the
battery and power switch.

Figure 8. Installing
the control board

and motor platform
in the bottom case.

Cut a hole in the top of the mouse case for the power
on /off switch. I used a small switch from a discarded
pocket radio (I told you I never throw an yth ing away! ) and
inserted it through the hole from the top. This gives a lit­
tle more room on the inside, and prevents anything from
shorting out. Use a spot of hot-melt glue to hold it in
place.

You'll need some short lengths of fine, flexible wire to
connect everything together and, once again , the old
mice come in handy. The flexible cables that are a part of
the mouse contain some very fine wire for th is task. Be
careful when you peel back the outer insulation though ­
the wire is very thin and could easily break.

The control circuit
The control of motor drive and motor reversal is

accomplished by the circuit shown in Figure 7. As you
can see, the circuit is very simple, and contains all the ele­
ments required for obstacle and edge detection , motor
drive , motor reversal , and reversal timing.

Build the circuit as compactly (if that's the right
word!) as possible, using perfboard and point-to-point
wiring. No layout is given since it really depends on the
kind of mouse you have and the components you use
and, of course, how much room you have inside the
mouse. With a Gen ius , there is room for a board about 1"

x 1-7/8". The relay is a small PC mounting type that has
a footprint similar to a 16-pin DIP package. You should be
able to get this relay from Digi-Key or RadioShack. Other
components are standard. If you are careful with the lay­
out, you should be able to lay the finished board in
between the motor and the wheel assembly. In mine, I sol­
dered a couple of PC pins to the copper-clad board and
bent them over to support the board from underneath.
Before I bent them, however, I slipped on a short piece of
heat-shrink sleeving to prevent anything from shorting
out. See Figure 8 for details.

The battery is soldered directly into the circuit
because there isn't enough room to put a holder in place.
Make the wires long enough so that the battery can sit in
the space behind the wheels as seen in Figure 8 .

Looking again at the schematic diagram in Figure 7,
when turned on , K1 is not energized, and power is sup­
plied to the wheel motor by the normally-closed contacts
of K1. The motor is wired so that it tends to drive the
mouse forward .

U1a and U1b form a simple one-shot monostable
that is triggered by the edge detector and obstacle detec­
tor switches. It only takes a light touch to trigger this flip­
flop. U1c and U1d form a buffer to increase the drive to
the transistor Q 1 via R4. D1 prevents the back EMF from
the relay from destroying the transistor when the relay
drops out.

•
BYI !

I
--'--

QI

U lc

To sensor switches

Figure 7.
Schematic of the
autonomouse.
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Figure 9. Installing
the power switch
and cutting relief
for the whiskers .

Autonomo use
~ . --

While moving forward, the mouse will tend to move in
a somewhat straight pa th (depending on how go od your
wheel assembly an d alignment is). If a n ob stacle touches
one of the upper whiskers, or if an edge is detected by one
of the lower whiskers, then pin 1 of U1a will be pulled low,
a lbeit momentarily.

When thus triggered, the flip-flop starts its timing
cycle, dete rmined by C2 and R3. Here, the timing is about
two-three seconds. During the timing cycle , Q 1 is turned
on , pulling in the relay K1. K1 contacts are wired so that
the voltage being supplied to the motor is reversed during
th e timin g per iod , reversing the rotation of the motor, and
drivin g the mouse backward, away from the obstacle or
edge. During the motion backward, there is a natural ten­
de ncy for the front wheel to turn one way or the other.
When this happens, it turns the mouse away from the
obstruction.

After the timer circuit times out, K1 de-energizes, and
returns to its former state - the volta ge across the motor
returns to normal, and the mouse continues on its way.
While constructing this project, I was careful to obtain a
motor that drew as small of a current as possible. This is
because of the limited power available from the battery. To
make sure I didn 't run the motor so fast that it crashed
before the reversal circuit could trigger, I installed a resis­
tor in series with the motor to cut down the available cur­
rent. The motor came from an old discarded camera
(more useful junk!) and drew about 30mA at 3VDC. I was
able to use three 100 ohm 1/4-watt resistors in series for
R5 in my unit , and nothing got warm.

You'll need to calculate the value of the resistor you
need for your motor. Simply take the voltage of your
motor and the current rat ing , and subtract the voltage
from the battery. The voltage that's left, a nd the current
you have will tell you the resistor you need using Ohm's
Law (R = Ell). In my case, 12 - 3 = 9 volts or 9/0 .03 = 300.

Figure 9 shows the relief cut into the front edge of the
upper part of the mouse case. This is to allow the whiskers
to move freely , and allow the steering wheel to make a
turn on hitting an obstacle. As a finishing touch, make a
hole in the rear end of the case to take a short length of
cable for a "tail." Replace the case top carefully, so as not
to distu rb the obstacle switches, and let the fun begin.
NV
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The Cat Feeder part'
Your cats won't

even know
you 're gone!

The trouble with pets is that they tie you to the house
and prevent you nipping off for the odd weekend sim­
ply because they need to be fed regularly. We have two

cats. They are wonderful company and we wouldn't be with­
out them for the world, but my wife and I are recently retired
and it would be nice to be able to exploit our new freedom
and leave them for a few days at a time without having to rely
on the kindness of neighbors popping in daily to feed them.
There are always kennels, of course, but cats are unsettled by
unfamiliar surroundings and you can 't overlook the cost! I
investigated professionally-made cat feeders at the local pet
store. Basically, I found two kinds. The first had no more than
two closeable compartments which could be set by a clock­
work mechanism to open at different , predetermined times
up to a maximum of 36 hours into the future . It was made of
thin, flexible plastic and it seemed to me that a couple of
determined cats would have it apart in no time.

The second type consisted of a dish divided into four
quarters, each of which could be filled with food. An inverted
bowl-like cover with a quarter segment cut away fit on top of
the dish, exposing a fourth of the food immediately. A clock­
work motor rotated the upper lid very slowly indeed, expos­
ing further sections as it wound down also over a 36-hour peri­
od. This method gave three future feeds , but its biggest draw­
back was that the rotation of the upper lid exposed the next
meal infinitesimally slowly and my two cats were driven to
desperation as the next segment inched into smell and view.
In fact, they quickly found that they need not wait. They could
tip the whole thing over and get the lid completely off.
Consequently, it became obvious that if my wife and I were
going to get any vacation time away from our home, we

needed a bespoke cat
feeder which would be
substantial, reliable,
and above any other
consideration, able to
feed the cats over a
much longer period
than just a day and a
half.

So what were our
requirements? We start­
ed with something of a
plus - our two cats had
been properly brought
up (from our point of
view) and ate only dry
food. Consequently, in
our cat feeder, we had
no need to keep future
meals fresh and/or
refrigerated. Further, I
took the advice from
our local veterinarian
and she was pretty
clear that with sufficient
drinking water, dry food
is generally better for
cats anyway. She also
said that if your cat tells

S4

you that it will only eat the moist stuff, be reassured. However
finicky it might appear to be, when your back is turned, your
pet will always eat (and enjoy) dry food eventually, when it is
hungry enough to try it. So the design of our automatic feed­
er was to be built with only dry food in mind. Secondly, as we
have two cats, I arbitrarily decided that the feeder should pro­
vide food for both for a period of up to a week. As it turned
out , building a device to feed them for eight days involved no
greater complexity than feeding them for seven, so that
became part of the specification.

Thirdly, as we normally feed our cats every morning and
evening, I wanted the feede r to have the potential to provide
each cat with half a full day 's food twice during each 24-hour
per iod. This would be an option to use when we were only
going to be away from home for short periods. But for
absences of more than four days, the feeder needed to be
capable of providing a double, full-size feed just once a day
and the cats would have to put up with that. Fortunately, they
do not squabble over their food and so can be fed together.
And as most cats do , they frequently snack over a period
rather than wolfing everything down at once.

Having decided upon the general specifications, I started
to think about the construction details. I have no skill with
wood. Simple electronics I can cope with, but wood seems to
split if I as much as look at it. So , as far as I was concerned,
the general construction had to be simple and made from a
very much more user-friendly material than wood. Now, I
have recently made a personal discovery in "BCE Cellular
Extrusions." This is a most forgiving material designed appar­
ently for use as "Cladding, Trims , Soffits, and Fascias" (what­
ever they are) , and available from most good DIY, Hardware
and Building Outlets. It is a kind of highly-compressed
Styrofoam which can be cut , filed, drilled, and tapped and,
even if your woodwork is as bad as mine, this plastic medium
remains infinitely understanding. In addition, BCE is more
hygienic than wood or metal , being so much easier to keep
clean. In fact, it is perfect for our purpose. Cellular Extrusion
seems to be available in sheets of a number of different cross
sections, sizes , and angles, but I could find it in only one
thickness - 3/8-inch - which is fine for our cat feeder.

The makers of dry food for cats recommend somewhere
around 75 grams a day for the average adult cat and it so
happens that the 150 grams necessary for two cats will fit
comfortably into a three-inch cube. And if your cat is too over­
weight to be average, I suggest that you feed for the typical
and enforce a pet diet while you are away on vacation (even
though you're probably defaulting on your diet ). The general
shape of the feeder starts as a long, horizontal, rectangular
box open at both the top and at one end . It is three inches
square in internal cross section, and of sufficient length to
allow eight, three-inch compartments to be created inside it.
Each compartment is separated from its neighbor by a
hinged door made of the same Cellular Extrusion. In use, the
box is attached vertically to a convenient wall. In this position,
each hinged door will need to be held closed horizontally. At
preset times and in order, starting with the lowest, the doors
can be released to swing open, allowing the food to fall down
and out on to a tray below.

The vertical dimension of the box must be sufficient to
accommodate eight , three-inch compartments, as well as the
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8 pieces
this size

Figure I .
Sections of the

feeder to be
cut from plastic

extrusion.

CAT FEEDER BOX
SECTIONS

30

3

30

hinge is attached to the side panel. The cor rect positioning of
the doors will mean that when they are held perpendicular to
the left panel , the contact edge of each door will leave no gap
between it and the vertical face and , therefore, the thickness of
the door will prevent it from being rotated anticlockwise any
further than horizontal. Check that each door rotates freely
between horizontal and hanging (more or less) vertically.

Figure 2 shows how the hinge is to be attached to the side
panel. The permanent magnets are secured in the center of
the right edge of the door, directly under a coil as shown. More
information about coils and magnets will be given next month
in Part 2. One of the things we have not considered so far is
how the front face of the box will be closed off. I cut a front
panel out of 3/16 Plexiglas so that during testing , I could see
the doors opening one by one and be reassured that they
were successfully dispensing all their food. If you want the
same reassurance, you will need to cut a piece of Plexiglas

30

No special tools or skills are required beyond those probably every
electronics enthusiast would have (fine drill, pencil soldering iron,

etc.) - obviously an osci/lscope would be useful - but not essen­
tial. What a constructor does need is patience and a steadyhand!

material thickness of eight doors. However, since the hinge of
the bottom door has to be sc rewed to something, I increased
the height of my tube a furthe r three inches. This resu lted in
an overall height of (8 x 3 inches + 8 x 3/8 inches + 3 inches)
or 30 inches.

The diagram in Figure 1 shows all those pieces of the
feeder box, which are made from Cellular Extrus ion. The rear
section of the box is 3-3/4 x 30 inches and each side piece is
3 x 30 inches. The bac k is screwed on to the rear edges of the
two side panels, and the top is cut 3-3/ 4 x 3-3/8 inches to
allow this piece to be screwed to the top edges of the back
section and both sides. To add strength, a small piece of
Extrusion, 3-3/4 inches x 2 inches is secured in place across
the base of the front. All these pieces can be screwed togeth­
er using one-inch No.4 wood screws. No countersunk holes
need to be cut as this plastic extrusion is soft enough to
indent as each screw is tightened. But for the moment, screws
should not be driven home completely as the rema inder of
the assembly will require that the side sections of the box be
taken apart again for further work.

Finally, the eight hinged doo rs must be cut. These are to
fit very loosely when they are held horizontal in the vertical
tube. Consequently, they sho uld not be 3 x 3 inches - but
about 2-7/8 inches sq uare. Then , using 3/8 wood screws, one
face of each door is screwed to half a small hinge . When buy­
ing hinges , check that they will turn freely and , if necessary,
open up the metal around the pins if they are too tight. Each
hinge , when screwed centrally to the side of its door, should
be posit ioned so that when the hinge is fully closed, its turn­
ing edge is exactly in line with the edge of the door without
under- or overlapping.

Small magnets are used to hold the doors closed and a
very convenient source is the reed switch - normally used as
a "door open" sensor in a burglar alarm system. This type of
switch (see Photograph 1) comes in two sections ; the magnet­
ic half is the one with no connection terminals. Conveniently,
the flat face of this part pee ls away from the cylindrical sec­
tion revealing a small magnet only fractionally thicker than
the material of the door. The magnet may be of square or rec­
tangular cross section - eithe r type will do. Cutting an open­
ing which is slightly smaller than the magnet into the door
edge will allow it to be secured in place just by friction alone.
See Photograph 2.

Before any magnets are fit in their doors, get all eight
together and stack them one on top of the next to ensure that
each magnet has the same pole uppermost. Mark this upper
face on each and then , one by one, and without turning them
over, fit the magnets into the ir doors.

When all the doors have their hinges and magnets fitted,
the combinations can be sc rewed in place. Remove the left
panel of the feeder box and mark its inner face with horizon­
tal lines - the first three inches from the top , the second 3/8
down from that line, the n three inches from that line, then 3/8
from that, and so on until 16 lines have been drawn. These
represent the positions of the top and bottom faces of all eight
doors. Also, draw a vertical line dividing this face exact ly in
two. Now the second half of the hinges can be screwed to the
left panel. The lines drawn should help to get all the doors
fixed central to the panel and in the correct pos itions, but it is
probably worth mentioning that, as the doors are to drop
down by rota ting in a clockwise direction as seen from the
front , each hinge should be underneath its door when the
JUNE 2003
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Figure 3. Circuit diagram of the Clock and Display circuits .

it displays the cu rrent hour. This is achieved with pulses from
press switch S 1, using gates N1 an d N2 to provide the
debouncing funct ion. Gate N3 ORs the pulses produced by
S 1 with the once-an-hour signal, which has been differentiat­
ed by the C3/R3 co mbination to produce a single brief pulse
each hour rather than holding pin 8 of N3 high for 30 minutes
at a time. N4 performs the necessary function of inverting the
output from N3. Other than du ring the initial set-up, the out­
put from N4 pin 11 will jus t be a brief, real-time, pos itive pulse
once each hour. R7 and C5 ensure that this signa l is not cor­
rupted by random sp ikes from noisy power lines.

The once-an-hour pulse drives pin 1, the clock input of
IC5 - the first of two decimal counters both providing coded,
seve n-segment outputs . Consequently, the lower, common­
cathode LED display will show the UNITS digit of the latest
count and this will automatically be increm ented each hour,
or ad vanced as required by the operation of S1. In its turn , the
one-pulse-per-hour input to IC5 is internall y divided by 10 and
outputs at pin 5 as a carry signa l. This clocks pin 1 of IC4,
which sto res and increments every 10 hours the TENS digit
disp lay.

All that seems pretty st raightfo rward. Unfortunately, if
that were the end of the stor y, the display would increment

from 23 to 24 to 25 , and so on ,
with nothing to tell the clock that
midnight had come and gone.
However, diodes D5, D6, and D7
toget her with R8 for m a three­
input AND gate which has its
outp ut at the anodes' side of the
diodes / res istor intersection. The
arrival of the next hourly pulse
when the real-time clock is show­
ing 23 doe s incre ment the dis­
play to 24, an d this ste p unique­
ly res ults in the lighting (among
others) of the "g" section of the
TENS figure and both the "f and
"g" sect ions of the UNITS. At that
moment, all th ree inputs of the
diode AND gate are high and

JUNE 2003

or------r--~r_--r__r-----__,__,~------{>

12-15 volts

25 volts L>--

Milliput
"putty"

C7·' "
, E n 10

0 12

'00"

TPs

Oil

'0"

IC5
4017

12-15 volts

14 3 "18 5 13;--<J <)----Co

~775 "J0 3 15 f---:l <)----Co [>[>====~--"
+----1' 5 5 4 ISf--<J <)----Co

I ". n. a II f---<l <)----Co [>- A

" 10 1 la '---<J <)----Co 1>------"
9 '~ U 'n. 2 17~ <)----Co I>------..A

41-+,",11,,":-:-°1-+lH-t-h--l5 '4'---<1 <)----Co 1>-------....
2

u 1. 7 12 -<1~ [> ---"
L.:j' 3

a
J. ~

9 rce 9-WAY
8 x 1M ULN2804 SERIAL

C<l--+--+--+--+----t---' CAaLE

Bl>--

AI>---jl 5 " ---,

)(1 /_'1.2
52

- '4 '3-
a

56

Figure 2. Diagram showing hinge and
coil attached to side panels.

which is 3-3/4 inches wide and about 29
inches in length. This means that when
in position and butt-joining the small
piece of Extrusion at the bottom of the
front face , the Plexiglas will overlap the top of the box by
about an inch . This exact dimension is unimportant, but a lit­
tle overlap at the top will allow a finger grip for removing the
front face when it has been finally fitted. How it can be held in
place will be discussed next month. This completes most of
the mechanical construction, but before the rest is described,
I want to get to the part I find more interesting - the electron­
ics. For easier description , the full circuit breaks down into
three sections - of which the first is the Clock and Display.

Cats are creatures of hab it and, as all owners know, they
expect to be fed at more or less the same time (or times)
every day. Consequently, th is design includes a real-time
clock, displaying just the current hour in the 00 to 23 format.
ICI is a CMOS 4521 oscillator/div ider chip . Using a standa rd
4.194304 MHz crysta l, the circu it set up around pins 4 and 6
results in an output from pin 14 of one pulse per second. This
is input into clock pin 10 of the 4040 CMOS binar y co unter
used here as a programmable divider. When wired with the
four diodes as shown , IC2 divides the input of one pulse pe r
second by 3,600 , thereby outputting directly from pin 1 a one
hour pulse, which is, of course, high for about ha lf this time
and low for the other. When setting up the cat feeder for the
first time , we need to be able to set the clock manually so that
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Key(ob TX 's

Mu lti-Ch an ne l Modules

Low-Cost Permanent

Circle #131 on the Rea der Service Card .

with S2 closed, the ring counter will on ly output at pin 6 one
rising edge dur ing each 24 hours and that will be at 7:00am.
The cats will only be fed once a day. Clearly, different feeding
times ca n be se t by using an output of IC6 othe r than pin 6.
However, the time of the first meal can only be varied between
1:OOam and 9:00am and the second meal (if used) is always
10 hours later. If different meal times a re required, some cop­
per tracks on the PCB will have to be modified to accommo­
date using a different output from IC6.

Moving on to the second 4017 ring counter (lC7), pulses
from IC6 provide clock signals at pin 14. Reset pin 15 is nor­
mally held low by R12, but is taken high eithe r when S3 is
pressed or via D8 when pin 9 goes high. Pin 9 is ICTs ninth

GPS

----------------------------------------------------.----.---- --

Embedded Chips

Low-Cost TX .•
RX Modules

BRINGYOURWIRElESS PRODUCT QUICKLY AND LEGAllYTO MARKO

Specialty

/;\1 m17Rmm/;\1 (i:;? From ceramic chips to gain yagis,
wW ULSWLUwQ) keyless entrytoWIFI. ~

TECHNOLOGIES"",__..- _
www.linxtechnologies.com

hence, so is its output, co nnected here to the reset pin 15 of
both IC4 and IC5. So the appearance of 24 is too brief to see,
and instead results in both counters resetting instantaneously
to 00 . Counting repeats from there.

I have to admit that the method shown in Figure 3 for cur­
rent-limiting the 14 LED sections of the seven-segment, dua l
display is somewhat cheap and cheerful - here R9 and RIO
(both 220 ohms and 1 watt) provide this service. The recom­
me nded way would be to have separate resistors for all 14 seg­
ments of the display ensuring that each LED lights with the
same intensity, irrespective of whether the displayed figure is
an eight or a one. With my method , the digit 8 shows slightly
less well lit than the digit 1 because each LED is sharing the
same total cu rrent whether all seven seg- r------------ - - - - - - - - ---- - - - -----­
ments are lit (as in 8) or only two (as in ----- --------------­
1). Big deal! The difference is unimpor­
tant in this application, and so far I have
had no complaints from my cats that
they couldn't see the time! Figure 4 illus­
trates the Driver section. Inputs A and B
are the two signals originat ing from
Figure 3, while C is an output signal fed
back to the Clock & Display diagram and
connecting there with the right-hand dec­
imal point of the display. B provides puls­
es into pin 14 - the clock input of deci­
mal ring counter IC6. There are normall y
10 outputs from this type of IC, each one
switching high in turn on the arrival of a
clock pulse, and with the sequence
repeating after the 10th. This regular
counting can be interrupted and the count
reset (l.e., with the first pin switched high)
by briefly taking pin 15 high.

In this application, B is clock ing IC8
once each hour , resulting in its 10 out­
puts going high in turn and then recy­
cling. But at midnight, a pulse from A into
pin 15 will reset this counter, switching
the first pin high, after which further puls­
es from B will start the ring again from
the beginn ing. So , seven pulses from B
after resetting to 00 at midnight will make
the time be 7:00 in the morning. At tha t
hour, the output of pin 6 will have just
gone high, providing a rising edge into
IC7. Ten hours later at 5:00pm (17:00),
the ring counter will have gone around
once and its pin 6 will again go high sup­
plying the second pulse of the day into
IC7. And the cats will be fed twice. At
midnight , the ring counter IC6 is reset
and the process repeats with the feede r
providing two meals each day at 7:00am
and 5:00pm. Alternat ively, S2 permits the
se lection of only one meal a day.

When S2 is open, pin 13 of IC6 is
he ld low by R11. This allows IC6 to co unt
normally. But if pin 13 is taken high dur­
ing counting, whateve r cou nt has been
ac hieved at that moment is frozen . Pin 11
is the last output to go high before the
ring counter recycles and so , at 9:00am,
if switch S2 is in its closed position, pin
13 is taken high by pin 11 and no furthe r
counting takes place until midnight when
the counter is fully reset. Consequently,
JUNE2003
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output and so when it is con nected to pin 15 via the diode as
shown , the ring count is limited to eight stages only. With
either the one-a-day or the two-a-day clock pulses from IC6,
the eight active outp ut pins on IC7 go high in turn , and as
they do so, they output a short pulse into the corresponding
switch of driver IC8. More about this section of the circu it will
be given in the second pa rt of this projec t next month.

That completes the description of the elec tronics which
will drive our cat feeder into suppling food for a couple of cats
either twice a day for four days or once a day for eight days .
Next month, we will conclude with full details for making up
the single-sided printed circuit board together with the com­
pletion of the feeder box and the design of the power su pply
which will make it all happen. NV

Books on PicBasic and PICmic ro MCUs
Programming PIC Mlcrocontrol/ers wIth Plc8asic $49.95
Exper imen ting with the PicBasic Pro Complier $39.95
PIC Basic - An Introduction $34.95
PIC Mlcroc ontrol/er Projec t Book $29.95
Easy Mlcroc ontroln $29.95
Tlme'n and coonrn $34.95
M/crocontroln Apps - PIC MCU Appl/cation Guide $44.95
Serial CommunIcations Using PIC Mlcrocontrol/ers $49.95

PICProto Prototype Boa rds
PICProt03 for 2B-pln PICmlcro MCUs(3' x 3') $14.95
PICProt04 for 8-p in or 14-pln (1.5" x 3') $9.95
PICProt08 for 8-pln (1.2' x 2'1 $8.95
PICProt018 for 18-pln (1.5"x 3") $9.95
PICProt01BL for 18-pin (3.6' x 4.1') $19.95
PICProt064 for 4o-pln (3.6' x 4.1') $16.95
PICProtoUSB for 28-pln or 4o-p ln (3.6"x 4.1') $19.95
PICProtoBo for 64 or 8o-pln TQFP (3.6' x 4.1') $19.95
PICProt08o with pre-soldered PIC18F872o $60.00

PICProto prototyplng boards are desIgned to help you get your PICm/cro
projects finished faster, with less effort. There Is a hlgh-qual/ty blank PICProto
board for almost every PICm/cro mlcrocontrol/er. Each doub le-sIded board has
a solder mask on both sIdes and hundreds of plated-through holes for your parts.

3 .75 39.95 44.95
3.75 39.95 44.95
2.00 29.95 39.95
0.67 29.95 39.95
1.67 39.95 39.95
2 .65 29.95 44.95
2.65 29.95 44.95
2.65 29.95 44.95
2.2 2 29.95 39.95
2.35 39.95 39.95
2.65 39.95 44.95
2.65 39.95 44.95

44.9 5
4 9.9 5

Cost/Fill Kit Price
Black ICol or BlacklColor

4. 7 1 2.85 32.95 39.95
4. 71 3 .21 32.95 44.95
6.67 3.33 39.95 39.95
6.67 3. 7 5 39.95 44.95

PicBasic Compiler
P/cBasic converts your BASICprograms
Into flies tnat can be programmed
directly Into a PICmicro MCU. Ma ke
use of the la test mlcrocontrol/er
technology without learnIng C or
Assembler. Compatible with DOS and
Windows 9X/ME/2K/XP.

PicBasic Compl/er $99.95
PicBasic Pro Complier $249.95

HP900C Series. Pl 000 Series, Officejet G55. G85. G95 6.67
HP2000C Pro Color Printer. 2200. 2500 6.6 7
Canon BJ-10. 200. 210, 240. 250 Apple StyleWriter 1200.1500 2.1 5
Canon BJC-4000 Series, 2000. 5000 Series, Multipass Series 0.50
Canon BJC-6000. 3000 . 54 00. 5450 . 5600 . Multipass 755 2.85
Epson Stylus Color 400 . 600. 800. 850, 1520. Photo 1. 5 0
Epson Stylus Color 440.660.670.740,760. 860 1 .5 0
Epson Stylus Color 480 . 580. 880 1 .5 0
Epson StylUSColor 777, C60. C50 (Requires Resetter) NEW 1 .6 6
Lexmark 3200, 5700. Z11. Z12, Z31, Z32. 2.67

Compaq IJ300, IJ600. IJ700. IJ750, IJ900 Xerox XK Series 2.67
Lexmark Z42. Z51, Z52. Z83. Compaq IJ1200, A1000 2.67
Combination K it s Black dye 4 OZI Color 2 oz each
Combination K its Black pigmented 4 OZ I Color 2 oz each

~"'"

LAB-X Experimenter Boards
Assembled hardware p latforms
for development. Each has RS­
232 serial port, clock oscillator.
power supply. p lus other
hardw are. ICSP connection
al/ows you to make program
changes without removing the
MCU. Bare PCBs available.

LAB-X1 for 4o-pln MCU (shown)
LAB-X2 for 2B or 4o-pln MCU
LAB-X3 for 18-pln MCU
LAB-X4 for B or 14-pin MCU

Refill kits Black 80z I Color (4 oz C, Y, M)
Printer (Call for others not listed)

HP500 Series. 400, Officejet 300. 350. Fax
HP600 Series . Offieejet 500. 570. 600. 610 630.700
HP820C. 855C, 870C . 1000C. 115OC, Copier 120. 210
HP720C. 722C, 712C . 880C, 890C, 695C . 1120C, 1170C
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$27.95

As Low As

$22.95

Complete with 40W iron.

DIGITAL SCOPE SUPER SPECIALS
0 $. 203 2OMHzl10Mali~ S695

OS-303 4Ot.4Hz!2OM5I1 Ana~ $850

Os-E03 tiOMHzI2OM5I1~ $950

Elenco Oscilloscopes
Free Dust Cover and xt , x2 Probes

2 year Warranty
$.1 330 25MHz Delayed Sweep $439

$.13040 otOMHz Dual TIaC8 $475

$. 1345 40MHz Delayed Sweep $569

$.1360 50MHz Delayed Sweep $725

$.1 390 l 00MHz Delayed Sweep $89S

Weller- low Cost Soldering Iron
Model WLC100

Variable power control
produces 5-40 watts.

Ideal for hobbyists, DIYers
and students.

Electronic Science Lab

Ordering Information:

Model SL-5-40 - Includes 40W UL iron.
(Kit SL·5K-40)

Model SL·5 - No iron .
(Kit SL-5K)

Elenco Sl-5 Series
Electronically controlled. ideal for professionals, students, and
hobbyists. Available in kit form or assembled.

$9.95

Model AM-780K
Two rc Radio Kil

Model RCC·7K
Radio Control Car KitPulsefTone

Elenco 3MHz Sweep Function
Generator wi bu ill· ln 60MHz

Frequency Counter
Mode l GF-8046

4 Fully Regulated Power Supplies in 1 Unit

• o-3OVOC 0 3AOutput
• 3A Fused Current Protection
• Current Umiting Short Protection
• 0.0250 Output Impedance

Model AK·700

Model MX·901SW
Short Wave Radio Krt

$11.95

° Larvel"3 31'4091
LCD

• Autoranging Freq.
to 4MHz

• Cap . to 4OO\.lF
' Induclance to ~

• Res . 104,OOQt,4{}

• Logic Test

o Diode & Transistor
7..1

o Audtlle Conbnuiry
7...

Maxitronix 50D-ln·1 Electronic Pro ject Lab Model MX·909

Everyth ing you need to build 500 excit ing elect ronicprojects: __=__~

• l earn the basics of electronics. 500
different electronic experiments, special
lighting effects, radio fransmitter and
receivers. sound effects. cool games and
MOREl

• Includes built-in breadboard and an LCD.

• Explore amplifiers. analog and digital
circuits plus how to read schematic
diagrams.

• Includes 11 parts.

I --:-:~:.......;.....;.,;-+==.:..::.::::=::::.:..:::::: I . Lab-style manual included.

• Requires 6 MAA" batteries.

C ircle #75 on th e Reader Se rv ice Card.

Sensitivity:
• <1.5mV @ 100MHz
• <5mV @ 250MHz
• <5mV@ 1GHz
• <l00mV 0 2.4GHz

Elenco Handheld
Universal Counter

1MHz· 2.8GHz
Mode l F·2800

Elenco RF Genera tor
with Counter (100kHz · 15OMHz)

Model SG-9500

Features jntemerAM mod. 011kHz, RF output Generates square. triangle . and tine wavelomls . and
:~V - 35MHz. Audio output 1kHz @ 1V TTl., CMOS pulsa. 5199.95
SG·9000(analog, wlo counter) 5135 er-eeas•W"",", """'1M 5139.95

Features 10 digit display, 16 segment and
RF signal strengthbargraph.

Includes antenna. NiCad battery. and AC
adapter.

C-2800 Case wI Belt Clip __.S14.95

$89.95

• Cap . O.1pf to~F

• Inductance ' IlH to
20H

• Resistance0.010
lo 2,OClOMO

• Temperature ·2O"C
1075O"C

• DC VoIts O·2fN
• Freq. l.4I to 15MHz
• Diod&'Audible

ContinUity Test
- SignalOu1pu1

F""""'"
• 3 1J2Oig1tDisplay

Test Equipment

~~~ $445
$225 f:i;'ki¥ifMi

11 Funct ion s:

• Freq. to 2OMHz

- Cap. to 2O\.1F
- AC!t>CVoIIage

- ACiOC Current.......
• DiodeTesl

o TllIn &islOl'Test

• Meets VL·1244

satetyspeca.

Elenco Dig ital I Analog Traine r

Model XK-150 $89.95

SC·1oo - 100 experiments

Elenco's new Snap Circuits'" make leaming electronics a "snap·. Jusl lollow the colorful pictures In out
manualand build over 300 projects. such asAM radios, burglar alarms, flashlights. doorbells. and mucn
more. Youcan even play electronic games with your friends. All parts are mounted on plastic modules
andsnap together with ease. Enjoyhoursof educationaltun while leaming about electronics. Youcan
even crea:e your own experiments! No tools required.

'-- ...L:.....::..:.:...:....::.;.:.::..__'--I IElenco Educational Kitsl

• 8 LEO Buffered Readouts

• Built-in FunctionGenerator
(sine & square wave)

• Built-in Clock Generator

• Variable Power Supply

Features:
• 8»pin Breadboard

• 8 Data Switches

• O.2Hz to 20MHz
• AM & FM Modulation
• Burst Operation
• External Frequency Counter

to3OMHz
• Unear and Log Sweep

10MHz Model 40l 7A

5MHz Mod el 40 l l A

2MHz Mode l 4010A

Elenco Multi·Network Cable Tester
Model TCT-255 ..

This tester Is a convenient Instrum&r1t lor testing
differeol RJ-l 1 eod RJ-45 connectors and coax
cables . C8bIescan be tesl ed bel0f8 mailer !hey
are instilled.

• MiIpp'lg FI6ldion:===(:r=~=~' $75
• Pal r lden~ficBtion (S1raighl or revtlrM}

• OpenorShorl T..ling
• LowBattefy Irll:Ica.klr
• AutoPower -QII Fundlon (30 .. ,

Son VW!yl~e- (AIodM C-H, InckIdedt

TCT-255M: · MlMt-HetworllCable TH ier Itt - m .ts
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Screen p,.+nt and RefMow
SM,T Boa,.d at Home

by Bob Rooks
the

Enjoy SMD capabilities using
at-home procedure outlined here.

A Surface Mount Overview
Every day seems to offer new Surface Mount Devices

(SMDs) that tantalize you with a wealth of capabilities you
can't find in through-hole components. In fact , many types
of through-holes are getting harder to find as time goes by
because Surface Mount Technology (SMT) is a more prof­
itable process for large manufacturers. SMT gives them
higher device capability and it's streamlined to fit right into
automated assembly. Device manufacturers are following
the money. Although it looks like some through-holes will
always be around, most are disappearing. There just isn't
enough business in through-hole parts to justify making
most of them anymore.

Because the length of the traces are shorter on SMT
devices, they offer a real advantage in high-frequency
applications. You also get more function on any given
piece of real estate, which probably drives surface mount
technology more than anything else.

Basically, what you can build with surface mount goes
far beyond what you can build with through-hole as the
SMT schematic illustrates (see below) .

Still, purely surface mount may never be a reality
because even digital boards have connectors to plug them
into the world. Connectors produce exceptiona l stress on
the solder joints , which is a negative for SMT. Compared
to through-hole, SMDs are easier to rip off the board. So ,
until somebody fixes th is problem, components, like con­
nectors, will continue to rely on basic through-hole tech­
nology. In the plant, this means they wind up reflow sol-

dering the
SMDs , and
use wave or
selective sol ­
dering for con­
nectors and
some analog
devices.

The larger
size of solder
joints and
wide spacing
between leads
on through-
hole boards
are easy to
handle for any-

60

one familiar
with hand
soldering.
Soldering the
tighter pitch on
surface mount
devices is the
main problem
for a home
workshop.

In defense
of SMDs, print­
ed circuit board has glass fibers in it arranged in an X-Y
direction , not in the Z direction. The coefficient of thermal
expansion in X-Y is much less than it is in Z. So , whenev­
er you touch a solder iron to the board, it expands more
rapidly in the Z direction, causing stress in the barrels of
plated through-hole and via. This stress can crack the cop­
per ba rrel where it joins the pad on the board surface.
SMD boards are more reliable in this area than through­
hole boards.

Home Workshops and SMD
Assembly Problems

You'd like to take advantage of some of the newer
SMD capabilities, but may have avoided it because of the
problems associated with hand so ldering the leads. To
compensate, many of you will have mixed technology
boards built to your design spec,and then send them out
to be assembled at a contract shop. This can add a lot of
time and expense to you r project unless you 're really
lucky and have a buddy or a long-standing relationship
with a local shop that will put your one or two boards at
the top of their production schedule.

You know that screen printing your solder paste and
reflowing your assembly is the method you would choose
if you could. But, to date, nobody has a screen printer or
reflow oven that would even fit on your workbench - let
alone be affordable.

Well, guess what? Now you can have both. The follow­
ing method I'm going to take you through is far from the
sophistication of major screen printing and reflow equip­
ment, but it gets the job done - even double-sided SMT
boards. You can do it right in your garage or workshop. It's
possible to actually cut you r assembly time , increase the
quality of your designs, and open the door to all the mixed

JUNE 2003



,<

,-

-_.•• • .••••••• _ . / .,ro••••••• •••••••••••••••• . •• . .• • . . ••

//

• ............ .,,~ .
/

6 1

~_ro-..ou.. :to- __ ...

, q,'Ll tl!E,1I: I.. I.!l'1d!fte!., I !!l!!fi:fJ

~r:c-
=:.: .

.. - -"'"' -"" -,,~... - ~ -~~

~_ro- .DUJII I__ "'"

n , q!.1':I:!~"tj'3' fOl "! " ,

. --_ ....

_.. ---. ~. .
~...!:..:e.-_~ ~ I

The only part of this project tha t you ca n't get from
any PCB vendor that I know of, is th e "reflow oven." The fol­
lowing toaster ovens have been tested and were found to
meet the reflow requirements for most SMT PCBs - 9 x 11
inches or smaller. I ca n't gu arantee the results you may ge t

GE OVEN WITH
SOLDER PROFILE

Choosing Your --Reflow" Oven

To order a stencil , you need
to send the vendor your Gerber
files, just as you always do to
get your design made up, but in
a little different way, if possible.
When you send in your bo ard
design, indicate both the silk
screen and solder paste layer in
your Gerber files. The PCB ven­
dor will take those files and cre­
ate the prototype stencil pattern from them.

Some of you may not have a software program that
can create the silk screen and stencil layer files. In this
case, the vendor can use the top and bottom copper
Gerber files and edit them to create the pad open ings in
the prototype stencil that match your boa rd design. It's a
little more involved, but a co m mo n prac tice - even in a
professionally run production . The big electronic contract
shops run into this all the time, so don't fret if you don 't
have the capability to create these special fil es. Any good
PCB or frameless stencil vend or does.

BLACK & DECKER
TRO 5900TC WITH
SOLDER PROFILE

OSTER 6230 & 6232
WITH SOLDER

PROFILE

::>.;.,.- - - - - .:.-r

A Starter Prototype
S tencil Kit also has:
Solder Paste
Reflow Temperature Indicator

Prototype stencil
Squeegee
SMT Placement Tools
Toaster Oven

Solder Paste
Reflow Temperature Indicator
SMT Components
Printed Wiring Board (PCB)

Equipment:

Material :

Ordering Your PCB and
Prototype Stencil

These products and materials are available from
PCBexpress (www.pcbe xp res s. com). a vendor that I use
to build my PCBs. Rega rdless of what vendor you select, all
tools in home stenc il kits basically work in the same way.
There are only so many low-cost ways to screen print at
home - and, a toaster oven is a toaster oven. Most sources
have at least two levels of kits available. What you want
depends on how "single source" you like to be . Of course,
all kits offer complete "How-To" instructions.

A Ba sic Prototype Stencil
Kit comes with:
Prototype stencil
Squeegee Blade

PCB Holder

technology you want to experiment with.
I'll take you through all the steps using a new proto­

type stencil tool developed specifically for your home shop
and (don 't laugh) a common toaster oven . Face it, building
SMT boards at home will never be a "piece of cake," but
this new procedure sh ould help make it a lot easier, and
maybe save a little time and money by keeping more of
your project in-house. Here's what we'll be working with:

First, you need to get your prototype stencil made.
Although they're not just for prototype products, I like to
call these stencils "prototype" to differentiate them from
standard framed production stencils. These "frameless"
typ e of stencils run from 50 percent to almost 85 per­
cent less than the cost of conventional stencils.

You ca n have your board and stencil made by a sin­
gle ven dor as I did, or, if you already have your boards,
there are vendors that will just make stencils. In the past,
I've purchased prototype stencils for existing boards
from Stencils Unlimited on the Internet (www.ste ncil
sunlimited.com), and I'm sure there are others you can
find with a simple web search.
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Considerations Regarding
Solder Paste and Components

using any other models. This is a good size selection, and
you can find most models well under $100.00 at an y loca l
disc ount store.

These test results show the ovens and their associat­
ed thermal reflow profiles. You can see how close they are
in ca pability.

Brand
GE
Black [,. Decker
Black s Decker
Oster
Oster

Model
106632
TR05900CT
TR06100CT
6230
6232

there is a dev ice for any application you can think of. Ask
your component manufacturer or supplier.

All SMD component manufacturers provide the solder
process thermal requireme nts for the components they
produce. Always request th is and control the oven profile
to conform to this data.

Some SMT components have restricted thermal
process requirements. Be sure to verify that all compo­
nents can be processed using a standard SMT procedure,
as described here, before you buy them.

The leads on all SMDs are delicate - some more than
others. The finer the pitch , the easier to damage the leads.
Handle as little as possible, and if applicable, keep in their
holders until ready for placement. It's best to use a vacu­
um wand to place very fine pitch devices.

Building Your Board

1. Set up your prototype
stencil.

Important: A LL w ork sur­
fac es sho uLd be conduc tive and
g ro unded.

Protot ype Stencil: The pro­
totype stencil is a stainless steel
foil (five to 10 mils thick) with
openings cut th rough to allow the
solder paste to be deposited onto
the PCB lands (pads). To pre vent
the PCB from moving, you can
tape it down or make a smaller
square and use it as indicated.

• Place the large L-shaped
board holder on a flat surface and
tape it down to prevent it from
moving.

• Place the PCB into the
board holder.

• Place the small L-shaped
board holder next to the PCB and
tape it down to prevent it from
mov ing.

· Align the prototype stencil over the PCB SMT land
pattern (SMT pads) and tape it to the large L-shaped
board holder.

2. Apply t he solder paste using your p ro totype
stencil.

Rem ember: If using refriger­
ated soLder paste, be sure to
remov e it from refrigeration and
Let it w arm to room tempera­
ture. Before printing with soLder
paste p rovid ed in ajar, stir it for
five minu tes. Do NOT sto re
paste that is not delivered in a
coLd pack in a refrigerator.

Place the solder paste on the prototype stencil to one
side of the hole pattern. Spread the solder paste the full
width of the hole pattern.

Solder Paste: There are lots of
solder paste manufacturers. Some
don't provide printable paste in con­
tainers less than 500 grams. For a
small number of PCBs, th is would be
expensive. What you want is standard
eutectic tin/lead so lder. This is typi­
cally available in either small jars or in
the syringes that are used in rework
stations. Most vendors providing

home prototype stencils will have small jars of solder
pas te available, like the one shown here. Be sure to check
on this. Solder paste in small quantities costs around
$0.25 to $0.50 per gram.

Paste for rework typically comes in 100 grams syringe
sizes, but also has a lower percent of metal so the paste
will flow through the syringe easier. Repair paste may
slump on fine pitch components causing solder shorts .
On QFPs, you may have to clear solder shorts with a fine­
tip solder iron . Because of this, some manufacturers do
not recommend using this type of paste for screen print­
ing a pplications. But it's your choice.

A Few Cautions
Solder Paste: Most standard solder paste is shipped

in a cold pack. It has a longer shelf life if refrigerated.
Before using the solder paste remove it from refrigeration
and let it warm to room temperature (do not store so Lder
paste in the refrigerator or with food ). If you do not have
a safe place to refrigerate the solder paste, store it in a
co ol, dry place. Some prototype stencil vendors and so l­
der paste vendors can provide a type of solder paste that
does not require refrigeration, so again, be sure to check
on this.

Solder paste contains lead. You have to dispose of
unused solder paste and rags with solder paste on them
as hazardous material. Talk to your solder paste supplier
ab out taking this hazardous material back for recycling. If
the solder paste supplier won 't take this material back, he
ca n usually tell you how to disp ose of it safely.

Components: There are far too many types of SMDs
to go into here. But suffice it to say, if you want it done,
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$89.00

$12.00

IDC Connector Crimping
Tool Deluxe

Product # : TM-IDC

3 ft. Black Distribution Rack

aSteel racks are
Ideal for mounting
heavy equipment
shelves and act ive
equ ipment .

23 P iece Tool Kit
w Z ipper Pouch

SKU # : TM-TK23

$3.99
115VAC 40 Watt Soldering

Iron UL 2-Prong Plug
Product #: TM-306

Visit our website for our
ever-changing inventory r'-: " :;-:;I:~- ~ .~ :

. ... ... :L ~ ... -.. ...: ..=. «.;- .. -., .

mati on is provided by the solder vend or. Next , your SMDs
are temperature-sensitive, so you want to know how long
they can be exposed to the reflow or melt temperature
without damage. A temperature indicator is desi gned to
tell you this by the way it reacts within the oven.

There are several types, but the one I use looks like a
big crayon. [ use this to make a mark
on the board.

Some of these are hard to mark
with, so I often just shave off a tiny bit
of flakes onto the board with a knife
tip. You might want to slice a small
piece off. Either way works fine. It
melts at the specified temperature.

""""",,-RogersSystenJs.conJ
25030 Avenue Tibbitts Unit H Valencia, California 91355

800-366-0579

WHOLESALE PRICES TO THE PUBLIC

C ir cl e # I 15 on t he Re ader Service Ca rd .

$29.99

$3.99

Roger's Systems 02001

~1'.'MdUr" ..,mm~

S olderi n g Iron Stand
w ith Sponge

P roduct # : TM-305

TEST EQUIPMENT
Analyzers, Scopes, Generators, Meters, Power Supplies, VXI,
Data Aquistion, Optical Test, Microwave Components, I. ! . (

Accessories, Equipment Manuals, I ' - I~

d h ili' "an muc more! •
: .

WWW.TECH-SYSTEMS.NET
Please feel free to email us with any of your
Test Equipment needs bill@tech-systems.net

Tel: (732) 918-7979 Fax: (732) 918-7888
See our website for driving directions

~.TECH·SYSTEMS ELECTRONICS, INC. " ,~

BUY SELL RENT TRADE
• __.....:.r..:.z~ v !;.~~r '

Squeegee: The squeegee is a
flexible blade of stainless stee l used
to roll the solder paste over the pro­
totype stencil , forcing the solder
paste through the prototype stencil
and onto the PCB lands.

While holding the prototype
stencil in contact with the PCB, take
the squeegee and place it on the prototype stencil outside
the solder paste. "Tllt it 15 to 20 degrees from the vertical
(toward the solder paste), and drag it and the solder paste
across the hole pattern. Hold a light to medium pressure
on the squeegee against the prototype stencil. Carefully lift
the prototype stencil away (UP) from the PCB. *You may
have to experiment a little to find the
best angle for the type of solder paste
you're using.

Inspect the solder paste print to
ensure all the
lands have
solder paste
on them and
the paste is
not smeared.
If the print is
not good,
immediately use a spatula to remove
the solder paste from the PCB. Clean
the paste that remains on the PCB
with alcohol and a clean rag . Let the
PCB dry and print the so lder paste
again.

3. Place components.
Important: Keep the time

between printing th e solder paste
and placing th e SMT p arts on the
solder pa ste shor t. The pa ste manu­
facturer can guide you on the maxi­
mum time between printing and
placement.

Place the
SMT parts on
the PCB using
tweezers or
a handheld
vacuum place­
ment tool. (Use
a magnifying glass , if needed, to align
fine pitch leads to the land pattern.)

4 . Using reflow temperat ure
indica tors.

There are two reasons to use a
temperature indicator. First, to create
good solder joints , solder paste has to
reflow, or melt, at a certain tempera­
ture and stay at that temperature (liq­
uidous) for a given amount of time.
When you buy your paste, this infor­
JUNE 2003



temperature setting (45 0 to
50WF).

Before placing the PCB in
the oven, mark it on the top side
next to the edge that will be near­
est to the oven door, with the
reflow temperature indicator

(413 °F).
Make sure that you can see the temperature-stick

mark through the oven door. If the edge of the board has
a breakaway, do not mark the breakaway, mark the edge
of the PCB. If there is not a clear area on the edge of the
PCB, mark the interior of the PCB next to a large compo-

nent (PLCC or QFP) with the reflow
temperature
indicator.

NOT E;
The edges
and corners
of the PCB
will be
hotter than Temperature marker
the interior of before reflow.

the PCB. If
the tempera­
ture marker is
used on the
interior of the
PCB, the cor-
ners and
edges may

Temperature m arker
get too hot after reflow.
and damage
the board or
the SMT com­
ponents.

When the
temperature­
indication
mark melts,
remove the board from the oven. Be
careful not to disturb the molten sol­
der joints. Place the board on a sur­
face and let it cool until near room
temperature. Inspect the solder joints
using your solder joint inspection cri­
teria or the IPC 610 requirements.

If you have more than one board,
place the next PCB in the oven after
marking the board with the tem pe ra­
ture stick. If any of the solder joints on
the first board did not reflow properly,
mark the PCB next to the location that
did not reflow with the temperature
indicator (413 °F). Use this location to
control the reflow length for the subse­
quent boards, or to redo the reflow
process on the original board.

A flashlight can help when watch­
ing the temperature indicator material
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Remote control from otherapps, (e.g.
VisualBasic. Substituteshigherpriced
universal programmers e.s. ALL-ll
(HILO> or LAB-TOOL-48 <ADVANTECH)
Providing virtuallymatchingperfor­
manceat only 1/3-1/5 the price.
Info. / Orders, call. : 619-702-4420

o ki
ec ases

Sensors
erv s 8r.. motors

Aluminum framing
Wheels

Hardw are
Miniature fasteners

Servo mounts
... And more !

microcontrollerssuchas 87/8gxxx,
PIC, AVR, STb2, etc ' . Low voltage
devicesdownto 1.3V. Noadapter
required for DILdevices. B Hrs.
operationon battery lAC charger
included). Runs WIN 98, NT, ME,
2000,XPwith Hex/Fuse Editor.

(Shown with optional
OOPic R controller.)

G E T R O B O T I C S. C O M

Latestgeneration pocketsized
programmer usesASIC universal
pindrivertechnology. 1900+device
library, with lifetimefree updates.
Programs B/lb-bit EPROM'S,
EEPROMs, G-Power RAM, FLASH,
Serial EEPROM's, GAL, PALC E,
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Different temperature indicators have different colors.
For this process, the indicator marks are light in color.
They look a little like dust on the board - almost like flakes
of talcum powder. When they melt, they slump and change
color. This particular one goes from light pink in color to a
clear red , so it's easy to see. Obviously, it has to be near
the window of the toaster oven where you can readily see
the change.

5. Reflow your assembly in the toaster oven.
Important: Before ref/owing starts, turn th e oven on

to heat up - a minimum of five minutes. Set th e oven to
bake and set the temperature to the highest baking
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C ir cl e # I 17 o n the Read e r Se r vic e C a rd.

Address _

COMMAND PRODUCTIONS
FCC LICENSE TRAINING - Dept. 220
P.O. Box 3000 • Sausalito, CA 94966
Please rush FREE details immediately!

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

Call for FREE facts now!
(800) 932·4268 Ext. 220

www.licenseTraining.com

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 lice nse is Tour professional
" ticket" to thousands 0 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 JIself-study" course is eas}f,
fast and low cost!
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I
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I
I
I

City State _ _ Zip I
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IPC
2215 Sande rs Road

Northbrook, IL 6006 2-6135
Tel 847-509-9700

www.lpc.org

Cautions and Handy Information
Warning: Using Common Sense
• Solder paste contains lead. Do not eat or drink around solder
paste.
• Do not use a toaster oven to prepare foods after it has been used
for solder paste reflow.
• Wash hands after working with solder.
• Oven is hot - use insulated gloves and safety glasses while wo rk­
ing around hot equipment.
• Some SMT components have restricted thermal process require­
ments.Yerify that all components can be processed using a standard
SMT process as described in this procedure.
• Do not store cold pack solder paste in a refrigerator used for
food, and never store room temperature solder jars in a refrigera­
tor.

Solde r Past e Shopping Guide
If you have questions about paste, you want to talk to a reli­

able source - usually someone other than a distributor. Solder
paste manufacturers will always answer your questions and you can
easily find them on the Inte rnet (search on "solder paste") .You can
sometimes purchase small quantities directly from some manufac­
turers. A better bet might be smaller distributors or you can pur­
chase so lder paste as an option in many prototype stencil kits. Here
are a few well-known paste manufacturers in alphabetical, not pri­
ority order, and definitely not the only sources around.This is just
a sample for you r info rmat ion:

AIM
Amtech
Cobar
EFD
ESP
Heraeus, Inc.
Indium Corporation of America
Kester Solder
Multicore
OMG
Qualitek International, Inc.
Senju

A handy link to almost all paste manufacturers is:
www.ecd.com/e mfg/inst rume nt s/Past e/Past e Mfg.asp

Learn How to Recognize a Good So lde r Joint
I'm sure that many of you are either associated with, or at least

aware of, the Institute for Interconnecting and Packaging Electronic
Circuits (IPC).This is the best source I can po int you to regarding
all the guidelines you need to build and inspect a product-worthy
board assembly. The documents below are extremely helpful, even
if you're an old pro. You can order them - and much more ­
directly from IPC at the address below.

• IPC 610 is an industry SMT solder joint quality standard
• IPC/EIA J-STD-OO IC: Requirements for Soldered Electr ical and

Electronic Assemblies
• IPC-D-279 Design Guidelines for Reliable Surface Mount

Technology Printed Board Assemblies

change in form . When using a toaster oven, th is visual
method is the only reliable reflow guide. You have to watch
the material to judge reflow time. Every board is different,
so time is not a good control (one minute, five minutes , 20
minutes , etc. ). There just isn 't an y "average reflow time" for
these types of projects. To suggest any would only confuse
the issue and could actually hu rt , rather than help, your
project. Remove the PCB after the temperature-stick mark
melts, let it cool, and inspect the solder joints. Repeat the
above steps until all your PCBs are reflowed. Turn oven off.
JUNE 2003
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Questions? Contact me and I'll do my
best to help. Bob Rook , SCT Engineering,
513 Sweetleaf Dr., Brandon, FL 33511 ;
813-505-0728; sctengfla@msn.com.
For information on the Prototype Stencils:
www.pcbexpress.com/ stencil
www.stencils unlimited. com

That's it. You now have your fin­
ished boards, ready to test and use in
your latest project. Make sure you
handle your SMT and mixed technolo­
gy SMD board(s) carefully. They're
not as rugged as 100 percent through­
hole , but what you can create with
them is far beyond anything you could
ever get with only through-hole.
Experiment. Have fun. NV

8. Touchi ng up defective sol­
de r joi nts.

Touch up any solder defects with
a solder iron.
Use a fine tip
on the solder
iron and don't
let the tip
touch the
body of the
SMT parts.
Set your solder iron temperature as
low as possible. A solder iron that is
set to a high temperature can thermal
shock SMT components.

board holder and your board assembly. Use cardboard that
is thicker than the populated PCB and thick enough to
function as a support for the screening process.

The cardboard should be cut out to clear the SMT
com pon ents from the first reflow. Again, make sure all
work surfaces are ESD safe or grounded.

7 . Reflowing side two.
When you reflow the second

side of the PCB, the whole assem­
bly has to be held off of the oven
shelf with standoffs. You 'll damage
the SMT solder joints from the first
reflow if you lay the board directly

on the oven shelf.
You can use any material that can

withstand the oven temperature to cre­
ate standoffs to hold the board, but
the very best is scrap FR4 material.
You probably have some old board
scraps laying around, but if not, just
prop the assembly up on a couple of
pieces of metal, or anything that is not
going to be affected by the heat of the
oven. I used large binder clips for this
board and they worked fine.

6 . Screening a double­
s ided board, side two.

After populating and reflowing
the side with the smallest compo­
nents, repeat the process on the
side with the larger SMT parts.
This sequence will keep the

largest and heaviest parts from hanging upside down dur­
ing reflow, reducing the likelihood that they would fall off.
Molten solder has very high surface energy, and can hold
most SMT parts , even upside down.

Print the second side with the PCB on cardboard (card­
board is the easiest, but you can use wood or any non-stat­
ic gene rator) that is large enough to attach the L-shaped



Operates
on 24 VDC, includes
attached 115 VAC converter.
long retract ed, 26" long fully
extended, 9.5" wide, 5" high.
Includes wired remote control.
Torque rating of 1300+ pounds!
Limit switch at both ends. 110 to 24
VDC converter has a sale~cjfitch .

No. 340-0001N $9~ (ea.)

Greatfor organizing wires in yourhome,
office or car. Kit contains 7 piecesof
black split loom. Sizes included are:
1.25" x 54",1 .25" x 38' ,1.25" x 18", 1.25" x
10", .75" x 30", .625" x 10", .375" x 11.5".
No. 720-0361N Retail $19.95$59 5 (ea.)

Gentact 10" Line
Actuator

Split Loom Tubing Kit

115VAC 4-5/8" Ball
Bearing Fan w/ tach
11SVAC SO/60 HZ, 18
Watts, 106 CF M, 5 Blad
Metal Construct ion,
Metal Body Construction ,
Ba ll Bear ing , Terminal Lea s,
Size: 4-S/8' SQ x 1-1/2' . Fan also
has three wi re sign al generator
output. MFG: Paps t. Manufacturer
Part Number: 4606ZH.

No . 290-0671 N $ 11 9 5
(ea.)

1000VA
Uninterruptible
Power
Supply
Only 7" x 8.8" x 17.1'
and weighs 43 Ibs.
Has 6 protected
outlets and a network interface
surge protection. MFG: NCR MFG
PIN: 4071-1020-7194
No . 22D-0314N $17995 (ea.)

Price

No.220-0376N

12 VDC Worm Gear Motor

APe
ARRack
Fits in 19"
rack 23 Ibs weight
Gray color.

12 VDC worm gear drive motor has
two speeds. High speed is 106
RPM at 4A, and low speed is 41
RPM at .91A. A 2.25" offset is

attached to the 3/6"
threaded shaft . The
offset has a

univers al joint on one
end. Originally designed as

windshield wiper motor lor 2000­
2001 Saturn ' L" Series cars .

No. 42o-DS78N $129 5 (ea.)

Rack Keyboard
& Mouse Tray

400 Watt Metal Halide
Light with Bulb I

Model MHSE-W-400-277F-F1.
16' diameter aluminum
shroud with glass bottom.
277/120 V (currently wired
lor 277v but can be easily
changed ). Great for warehouse ,
grow lights, barns or other indoor
use. This item must be shipped
oversized. Please call lor shipp ing
charges . Used , excellent condition .
Part No. 360-0SS4N $690 0 (ea.)

Super Neodynium
Magnets
Th ese tiny magnets
are so powerful, the
still hold strong
through a huma n
finger. Each one
mea sures 318"
diamete r x 3/16"
thick.
No. 38D-009SN

.50C (ea.) or 3 for $1 0 0

Circl e #68 o n t he Reader Servic e Card .

$19~ ~

60" 15A,120V,permanentmount $190 0 C,

46" 1SA, 125Vwlcord& switch, 26' cordS 34
0 0'==:~=~~iiiil••II1.~~:A,

48" 20A, 125Vw/cord, grey,S'cord $24
00

,--_ ---'B"','-- --::=-==--.

48" 15A,125Vw/cord,grey,6 'cord $2900 @G
$199 5 A. I

19" 20A, 125Vrackmount, 6' cord "-_ -= -='--__-""- -'

36" 15A, 120V, permanent mount

PartNo. Outlets Length Features

12 VDC Hobby Motor
High speed hobby motor boasts
over 16,000 RP M at 12 VDC. 1.2

Amp Overall size: 1-1/2"
diameter x 3" long.

1/8"(D) x 3/8"(L) Sp lined
shalt. Two 2.Smm
mounting holes on face

are 1" O.C. Thi s motor is also
reversible. MFG: Johnson

No . 420-0S70N $ 1
2 5

(ea.)

Designed sp eciall y for
personal shooter games
such as QuakeTM. 100%

digital with 10 prog rammab le
buttons and triggers. Easier to use
than a keyboard and mouse. Win ­
dows9S/98/ME compatible software
included. MFG: Th rustmaster
No . 220-3542N

Category 6 Plenum Wire
The latest in network wiring. Up to 1
GHZ band width. Great fo r use wit h
many new commercial or
home automation
systems. 24 awg sol id
twisted 4 pairs. Plenum.
Color: Natural. Length
1000' pull box . MFG
Belden,
MFG PIN: 7882A
No . 631-0334N '99 (box)

No . 631-0347N (PVC) $6 9 (box)

Fragmaster Joystick
Controller

Locking Case / Gun
Cast;. 10.25"

.., ] high, 11"
_ wide (not

~ ~ including
, 1.2S" lor

lock
brackets),

10.5" deep loam seal on outer door.
Made of heavy duty metal. Includes
knockouts on bottom for electrical
connec tions . Weather resistant.
No.6S0-0964N $2495 (ea.)

SL Waber Power Strips

260-0405N 10

260-0423N 6

260-0412N 9

260-0406N 16

260-0409N 10

260-0413N 6

19" Rack Mount
7 It tall 19" wide rack
mount. Ideal for audio
or netowking
equipment.
Unassembled with 2
base angles , 2 top
angles &harware.
Cho ice of cha rcoa l
or mill fin ish.
No. 22D-0378N (charcoal)

No . 220-0380N (mill) $699 5 (ea .)

No. 18D-0113N

Laptop Multimedia
Speakers
Increase the quality
of sound from your
laptop with these de­
tachable laptop speakers. Integrated
microphone. Powers from your
laptop 's PS/2 port ; no wall transformer
required . Extra Passive speaker and
subwoofer jacks . Magnetically
shielded. mfg : Lucent Technologies.

No. 220-0299N $129 5 (ea .)

Mini 6/12 Volt Siren
Mini sire n requiring 6/12 volts DC
with 7" leads . Dimentions
2-3 /8" x 1-1/2" x 1-1/2".

Lightbox with High
Intensity LED
A black mini light
box with back
lighting and a high
intensity LED
bottom light is great
displaying your small
valuables or any
number of other items.
Measures 9.7S" deep 8.2S" tall and 6"
wide. The inside display area is 4"
deep 6.2S" tall and S.S" wide. It has a
translucent back and a hole on the
bottom for uplighting. Power comes
from a 11SVACto 12VAC wail
transformer . Back lighting comes from
a S.25" mini florescent bulb (F4T5ICW)
and bottom lighting from a circuit board
with 1S high intensity LEDs. (Fig B)

No.36D-OS48N $15.95 (ea.)

Same as above, but with 1, "U"
florescent tube FT18DU830)

No .36D-0549N $15 95
• (ea.)



Satellite Radio Extension
for the Whole House

by Gordon West

Look out Satellite TV - here is the new and improved
Satellite Radio! You'll be able to hear everything you want
to hear as you stretch the concept of the radio to its limits!

The hand controller reads
out the category station

name, the music, and
channel number.

I n 1997, the Federal Communications Commiss ion
(FCC) auctioned two licenses to broadcast satellite
programming to North America from space. The fre-

quency would be on S-band - 2.3 GHz. XM Radio and
Sirius Radio were awarded the contracts, and by 2001,
both satellite radio providers began launching satellites in
space - Sirius with satellites in an elliptical orbit above
North America, and XM out 22,500 miles with two satel­
lites in geostationary orbit with spot beams back to North
America. Both systems use their satellites as "space
repeaters ," simply echoing back what is beamed up to
them via major-sized earth dish antenna systems.

Both Sirius and XM also identified 30 to 50 "must
have reception" tunnels and underground areas , and
installed opposite polarization terrestrial signals for
receivers to pick up at 2.4 GHz.

XM satellite radio runs around $10.00 a month, and
you pick up 100 digital channels of music, news, sports,
and entertainment, with 36 of the 100 channels commer­
cial free (www.xmradio.com). Sirius satellite radio also
brings out around 100 streams of music and entertain­
ment - 60 music streams with no commercials. The
other 40 channels include sports , news , comedy, enter­
tainment, and a couple of other very specialized pro­
grams, all available 24 hours a day for around $13.00 a
month.

I contacted both companies almost a year ago in

&II

!:i
~
I ~
" &II
1 ...f~ Twin antenna jacks for local 2.4 GHz andZ satellite reception.
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preparation for some
feature articles on
satellite entertainment
radio for both marine
and RV markets.
Sirius satellite radio
was keenly interested
in satisfying both of
these markets with
their satellite prod­
ucts , and I spent
some time with them
in New York City look­
ing over the ir studios
and expla ining what
an RVer or a sailor
might want for recep­
tion capabilities.

Sirius works
closely with
Shakespeare Electronics - manufacturers of RV and
marine communication ante nna systems - so it was a
natural that Shakespeare soon offered a high ga in Sirius
satellite antenna system that works well in the open and
su rprisingly well inside most fiberglass veh icle roofs and
aboard most fibe rglass boats be low deck.

If you have played around with GPS reception,
you will find the same type of receiving capabilities on
the new satellite broadcast radio service. Reception
remains strong - even on cloudy or rainy da ys .
Reception gets spotty if you're under a big tree, yet
reception remains strong inside a fiberglass enclosure,
like a boat or RV with a fiberglass roof. And just like
GPS, signals disappear when you go in a tunnel , and
sometimes disappear in major downtown cities.

The signa ls are captured by the an tenna and fed
to well-known manufacturer satellite receivers. XM and
Sirius use different decoding schemes, so manufactur­
ers generally don 't have a receiver that could do both.
And no one would really need to sign up for both serv­
ices, either.

The equipment that decodes the digital streams
is offered by most major mobile audio suppliers .
For Sirius , I had plenty of choices from Jensen,
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Despite some of the claims at the local hobby electronics
store, the little FM stereo adapters would barely go beyond
a room away.

But I found two manufacturers of FM wireless stereo
"rabbits" for my Sirius satellite radio system that not only
worked throughout all of the house, but even gave my next
door neighbor adequate reception , too.

My first success with good-range stereo transmit was
Ramsey Electronics - their FM 25B synthesized FM stereo
transmitter kit. For $129.95 , you get the kit and all of the
pieces. If you have put kits together before, it will be an
easy four-evening project. Everything is well laid out, and
Ramsey kits always have crystal-clear instructions and pro­
cedures for testing your completed project. This newly
designed kit also includes adjustable RF output, but there's
absolutely no reason you would want to have it at anything
other than full power out because full power out meeting
Part 15 low-power, no-license rules is just barely enough to
get around the house. Adding the loop output will dramat­
ically eliminate "cold spots" in your house or office, but it
requires a lot of wiring to surround your listening area .

The decoder box mounts out of sight near your
ampl ifier or auto stereo.

Adjustable input for your
satellite receiver black box

output. Don't set this too high
(or all you get is dis tortion)!

Panasonic, Ken­
wood, Clarion,
Audiovox, and
Prospec.

Each manu­
facturer provides
the decoder, and
the decoder out­
puts pigtails for
your existing audio
stereo system. I
did some equip­
ment tests and
found that each
manufacturer
satellite radio
decoder worked

just swell in giving me crystal-clear, digital-quality, stereo
reception, outputting left and right channel low-level 400
mV RMS at 10K ohm audio. You get a pair of top-quality
RCA jumper cables, and in seconds, satellite radio
low-level audio out to your existing audio system
auxiliary input port - and presto - you now have a
new radio service that adds to your existing AM and
FM, plus any cassette or digital playback within your
system.

Unfortunately, my little dune buggy audio system
didn 't have provision for external input, but each of the
manufacturers have you covered with a little hideaway
accessory box that takes two-channel input and con­
verts it to DIP-switch selectable FM stereo rad io out­
put. Unplug your vehicle's external Motorola-type
antenna connection, plug in the little stereo output
adapter box, and then plug in your external antenna
into the adapter box. With the satellite system turned
on , the box feeds stereo to you r existing audio system.

Turn the satellite system off, and your audio sys­
tem now works off of the original outside or windshield
antenna.

So this system worked well in the dune buggy - I
was impressed that I could now listen to full stereo
without the high ignition system noise creeping in. I
could go over the meanest of sand dunes, and not
have my stereo player skip. It worked so good that I
found I couldn't live without satellite radio in the
house, so after every dune buggy weekend, I would
yank the equipment out and hook it into my big stereo
system in the living room.

But then my wife wanted to hear CNN and BBC
news all night long from her bedside earphone. Plus, I
wanted to tune in folk music with my personal stereo
when I mowed the lawn. And nothing better than a lit­
tle background mood music out on the patio with a
portable boom box.

I first tested to see how far I could squeak the FM
stereo output of the little black box modulator. It was
pathetic - maybe 10 feet at best.

So began my big search for a Part 15 stereo trans­
mitter that would take satellite radio input, and beam
me out a decent signal to get throughout the house.
JUNE 2003



JUNE 2003

www.ramseykit s .com
www.ccrane.com

www.shakespeareelect ronics .com

roo m to room with your po rtable
headset on.

Anot her popular FM transmit­
ter that work s well with a satellite
radio decoder is the equipment
from C. Crane - Model "FM
Transmitter" - fully assembled,
tuned, and tested. It featu res a
digital ou tpu t for easy open-chan­
ne l selection . A little telescopic
whip pulls out for radiating the
100 milliwatts or so of transmit
capabilities .

The C. Crane fully-assembled
FM transmitter did an equal job to
the Ramsey equipment under
Part 15 regulations , and each with
their little stock telescopic whip
put out an adequate signal to
ba rely make it through a 2,700
square foot house. If you don't
mind running a wire loop all the
way around your home, you can

take those minuscule milliwatts and help fill in dead
areas, plus maybe have a little left over signal that
ma kes it to your next door ne ighbor.

But neither of these units would give you near the
signal strength that you 'll find coming in from regular
FM stereo stations 50 miles away. In fact, your biggest
problem will be trying to locate a quiet frequency
where outside FM stereo stations don 't drown out your
inside satellite radio signal.

We now run the C. Crane FM transmitter inside ou r
mobile communicat ions unit, and it works well inside
vans, motor homes, and automobiles.

C. Crane has a companion 12-volt DC adapter kit,
and the little C. Crane FM transmitter ca n even run on
two internal AA batteries . So the C. Crane Part 15 FM
transmitter with LCD digital frequency displa y resides
in the motor home, and this gives us plenty of stereo
capabilities up to about 50 feet away at a campsite.

The Ramsey stereo transmitter fills up the house
with great satellite rad io s ignals , and the actual
Shakespeare satellite 2.4 GHz antenna system has no
problem at all bring ing in the signals through a wood
shake roof.

Of course , the absolute ultimate digital reception is
when you hook the satellite unit up directly to your auto­
mobile stereo auxiliary input, but then you don 't get the
capability of wandering around with your pe rso nal stereo
and hearing 100 channels of streaming audio coming in
from space where both Sirius and XM compete to offer
you the ultimate in satellite radio entertainment. NV

The FM modulator if you have
no amp access.

C. Crane 12VDC battery
eliminator module.

TI'ltANS....1TS S"Te:Re:o A.UD~
F ...o .... A.NY SoURCe: Tc:>
~NY 0

The C. Crane has every thing you need in t he box.

C..C.RRNE. 1
DIGITAL FM TRANS""H-T -TEA
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Ramsey also offers a tem pting one-watt "export ver­
sion" completely assembled , synthesized, FM transmitter,
priced at around $400.00. Just th ink, you could beam out
your satellite radio signal in all directions up to a mile
away ou ts ide of FCC jurisdiction.

In fact , Ramsey Electronics will have you sign an
export certification for their FM-IOOEX and FM-IOOBWT
products because both units exceed authorized output
levels set by the FCC, and must not be operated within the
territory of the United States.

I know it might be tempting to try it, but if you recall ,
a local automobile raceway doing its own little mini radio
announcing incurred a several thousand dollar fine for
using an export one-watt FM stereo transmitter in the
United States. Just something to think about before you
get very tempted by the Ramsey one-watt transmitter that
really looks like the answer to having a good amount of
signal to not fuzz and buzz and fade out as you walk from

l--- - l--- -
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garage (or budget) , I made "H-2-0pus" to a scale that I could
handle. It is controlled by MIDI and has 36 valves , five ser­
vos , seven lights, three lasers, and a fog machine. The scene
and the creatures are made from copper and brass, and the
metals are polished with patina, or enameled. From the floor
of the pond arise 16 spouts in a big ellipse , and another
spout comes from the very center. Where many of the
insects just squi rt the water to music , there are several spe­
cial features , as well. A tiny bee sits on a flower, and when it
becomes his turn to solo , he flies from his flower while play­
ing his saxophone (squ irting water) and maneuvering above
the pond. Then a turtle on the other side squirts water at him
before he lands back on the flower.

In the center is a hut with a saxophone-playing ladybug
in it. The ladybug pivots back and forth as he plays. He
"rocks out" as he blows his sax and kicks his leg to the
music . Hidden inside the hut are two 10mm cubic-zirconia
(CZ) which rotate, while two lasers hit the CZs from below.
The laser beams are split into many beams. The lasers are
taken out of laser pointers. A tiny fog machine fills the hut
with fog, which makes the rotating beams of the lasers visi­
ble, and can also fill the pond with fog when desired. My
whole desire for the fog machine was inspired by wanting to
see the laser beams, but having a bunch of fog on the pond
with the lights on it turned out to be a cool effect , and it
seems that people really like it.

The ring of spouts in the pond also makes patterns of
water with the music. The center spout has a servo-con­
trolled pinch valve that can change the volume of water from
this spout, and make it grow from low to high. There is a
laser coming up through the stream of water in the center,
which illuminates the water from inside the spout. There is
also a spotlight at the base of the center spout that can illu­
minate the spout on the outside.

Set inside the front rim of the pond are five colored halo­
gen spotlights. The center light has a servo-controlled color
wheel , enabling this light to have four colors. The band con­
ductor at the front also has a light inside his podium.

How it Works
The music is played on a floppy disk MIDI player

(Yamaha MIDI Data Filer MDF-4), although for program­
ming the display, I used the MIDI output of a computer. By
using a music sequencing program, the events can be
clicked in with a mouse. A solenoid-valve's activation can be

pusH-2-
Water, music,

lights, and
microcontrollers

Since Bellagio's lake-sized fountain won't fit in my

byVictor Choney

Water founta ins are all nice, but I find that ones with
co mp uter-co ntrolled leaping st reams of water are
especially interesting. A local amusement park has

one with arches of water jum ping between ponds, which
sta rted my fascination. Disneyland and Universa l Studios go
a few steps farthe r. What finally convinced me to try one of
my own was seeing the magnificent musical founta in at the
Bellagio Hotel in Las Vegas. My fountain takes quite a differ­
ent approach than this, but all of us who have an interest in
computer-controlled motion should be mesmerized by the
Bellagio's ultimate display.

What kind of home project has 82 legs, horns,
and will never have all of the "bugs" worked
out of it?

What Can I Dot

The answer is "H-2-0pus," a musical water
fountain. It features a scene of insects
surrounding a pond of water, each with a
musical instrument that squirts water.
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dragged to an earlier or later time, or turned on for a differ­
ent duration of time . Then I can watch it perform to a sec­
tion of the music , and change the performance to suit the
mood of each portion of the musical piece.

When a piece of music is choreographed with every­
thing performing to the music, then the MIDI file is saved
and added to a floppy. When the fountain performs, the
MIDI player plays one tune after another from the floppy.

Fifteen channels of the MIDI are actually music , but the
16th channel is what controls the fountain. Each "note"
turns something on, or starts a servomotor routine. There
are 84 notes' worth of events in controlling everything.
Some of the notes perform multiple functions together.

MIDI and Electronics
The MIDI music goes through to a sound module and

computer speakers for the sound, with channel-16 notes set
at volume and velocity of "I" so that they are not heard.

The 16th channel is filtered with a PIC 16F877 micro­
controller. Channel 16 goes from the PIC to four BASIC
Stamps (BS2SX) that actually control the fountain 's parts. I
am an amateur in electronics and programming (a dentist
by profession), and constructed Thorsten Klose's MIDI filter
as a starting point. A few modifications to his code were all
I needed. A MIDI note for channel 16 is made into a byte
that holds the function number and on/off status, and is
sent on eight parallel lines to Stamp A.

72

The Stamp A reads the byte from eight pins of the PIC.
It then either turns on a light, or sends data serially to the
other three Stamps to turn something else on. By splitting
the duties between the Stamps, one Stamp can fly the bee
in the x-axis, another Stamp fly it in the y-axis, and the last
Stamp squirts the bee's saxophone while the bee flies. The
BASIC Stamps work very well for an amateur like me , as
they are so easy to program. Making everything perform
artistically with the music took a lot of programming and re­
programming to get everything just right.

The outputs of the Stamps control servos, solenoid
valves, and relays. The solenoids and relays run at 24 VDC,
driven by ULN2003A Darlington transistor arrays . The relays
turn on the 12VAC halogen spotlights, the motor that rotates
the CZs, and operate the footswitch plug on the MDE A sole­
noid also pushes a button on the front of the MDE
Transistors (2N2222) help the Stamps turn on the lasers.
There are a lot of different power requirements, and what a
pile of power supplies is needed! It is important to have a
separate 5V supply for the microcontrollers and the servos.
The servos will cause the BASIC Stamps to sometimes reset
if they are on the same supply. This is most likely to happen
if a big crowd or somebody important is watch ing.

Flying and Dancing
The bee "fli es" by means of a scissors jack. One servo

controls the y-axis direction that actually makes the bee fly
in an arc - up and out from the flower. Another servo con­
trols the x-axis direction , making the bee fly back and forth .
Between the arc of the y-axis direction and the back and

forth of the x-axis, the bee seems
to fly in three dimensions. There
are four different routines for the
bee to fly, with different motions
and lengths of program to go with
different pieces of music. The lady­
bug has a servo that pivots him
back and forth. A cam arrange­
ment inside of him pulls a Kevlar
thread, which lifts one leg as he
goes to each side. The movement
of the ladybug while shooting water
from his saxophone makes for a
nice effect. He has six routines
from a single kick to longer pro­
grams for his "solos."

The fog is made by a small ,
ultrasonic fog maker that makes
the water into a very fine mist ,
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Bee X move

Tub a

Rt. spider

Empowered by Innovation NEe

ASIGN YOU 'RE USING THE
BESTMICROCONTROLLER FOR

YOURLCD-BASED DESIGN.

lue-green light

My orchestra is made of mostly copper and brass. I

ound the cent er oval

ber pieces. The layers are put on one at a time, squirting sol­
vent onto it a foot or so at a time , clamping it in place for
about 10 minutes, then doing another section. When it is
done, it holds its shape, and can be cut, filed, and sanded to
final trim. Blocks of acrylic plastic glued inside allow the
base to rest on the plywood at the edges, so then only a few
screws are needed to anchor it in place. I love working with
plastics - the glue joints are very strong, the material is
strong, and it handles water well with no surface treatment.

The base was first painted to block the light, and make
it less transparent, and then painted with a simulated rock
coating. The inside is lined with carpeting to help dampen
the sound of the solenoid valves. Wheels on the bottom help
to manage the 250-pound weight.

Copper, Brass, and Bugs

Center laser

Left Blues Bro

carlet iight

The notes of Channel 16 are triggering events over time.
The vertical lines are the beats of the music.

C6

C5

ltD
DI\\JIIOI

IOlID\

Construction

which flows down from the inside top
of the shack, and then across the
pond of water.

A welded steel frame, using 3/4­
inch steel tube, supports the entire
fountain inside. Plywood forms the
floor of the inside, and on top of this
are the electronics. The electronics
have an acrylic enclosure over all, C 3

and a fan keeps it all cool inside. In
this enclosure is the MIDI player,
sound module, microcontrollers, C 2

relays, and power supplies.

is protected from the water by enclo- ~~1~~1
sures or shields , so that if something
goes wrong, all will not get destroyed
by four gallons of water getting
sprayed all over the inside. (This has
happened a few times - Murphy's
Law at work!).

In the middle are rows of solenoid valves. I used surplus
24-volt DC valves. It is helpful if these do not use too much
current, so that the driver chips can handle the load. Nearby
is the lower reservoir, which contains the 500GPH sub­
mersible pump. Each supply tube has a flow-adjusting valve
made from a big nut with a #8 screw tapped through the
side. The screw presses a copper pad that pinches the tub­
ing. Using distilled water keeps everything running smoothly,
and is kind to the finish on the metals. Above the valves is the
pond. A ring of plywood supports the base of the pond, and
another ring supports the rim. Between these two rings is
room for servos, lights, and mechanical drives. The white
lights are colored with pieces of colored gel, like DJs use .

The outer part of the base is made of Ij16-inch polycar­
bonate sheets laminated with five layers. They are glued with
solvent made for solvent-welding plastics. The skirt on the
top was formed on the fountain. The base was formed on a
plywood jig, using two cutouts separated by some 2x4 lum-
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lot of action with the water. There are six tunes in it now,
including "In the Mood," "Peter Gu nn ," and "Don 't Get
Around Much Anymore." This kind of project is very fun to
work on , and it is amusing to scheme up the different per­
forming events.

This is my second fountain , the firs t is smaller and with­
out music or lights. It has two BASIC Stamps controlling 27
valves and three servos , in a three-minute program of danc­
ing water. It was a simpler project, and also very fun to
make. A lot of action can be packed into two BASIC
Stamps.

More information, including circuit diagrams, code,
drawings, patina recipes , and other info rm a tion can be
found on the Nu ts & Volts website at www.nutsvolts .co m.
My email address is chaneyv4@sbcgloba l.net. NV

Victor Chaney is a dentist in private practice in Vallejo, CA, where
he keeps the fountain on display. Before dentistry, he received his
bachelor's deg ree in Physics. His electr onics education comes
from boo ks, magazines, and the Internet. He also plays pedal steel
guitar in a Rock-and-Roll/Country band, "Coyote." His last foun­
tain , "Insectopia," won top prize - Creativity Trophy in Best-of­
Show Comp etition at the California State Fair.

e eurees
1. The Bellagio Hotel's fountain :
www.wetdesign.com/c1ient/bellagio/index.html
2. The MDF-4 MIDI Data Filer ca n be found at www.american
musical.com
3. Thorsten Klose's extensive work with MIDI is at
www.ucapps.de/index.html. and my modified version of his
MIDI filter is at the Nuts & Volts website, used with permission.
4. Fountain foggers and other fountain supplies can be found at
Artistic Delights Fountain Supplies
(www.artisticdelights.com).
5. Solenoid valves and pumps can be found at Mendelson
Electronics (www.meci.com) .
6. Micro-Mark, at www.micromark.com. has telescoping sizes
of brass tubing.
7. Brass balls and gears are great at McMaster-Carr Supply
(www.mcmaster.com).
8. Incredible selection of metals, parts, and materials is at Small
Parts , Inc. (www.smallparts.com).
9. A good reference for working and soldering metals is The
Complete Metalsmith by Tim McCreight, available from Micro­
Mark.
10. Patina chemicals and sulfuric acid are available from Bryant
Laboratory (www.bryantlaboratory.com).
11. Urulac #9778 is a "catalyzed clear exterior coating" by G. J.
Nikolas & Co., Inc. (708-544-0320 ) sprayed on with a little
aerosol spray kit from the hard ware store.
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CLASSIFIED A DVERTISING
$50 Per Inch - No extra charge for color. (Umited time offer)

Classified ads must be paid in full prior to t he closing date.
VisalMOAmex accepted. Payment for ads received after the closing
date will be placed in the following issue at our discretion. Minimum
charge is one inch with half-inch increments. No proofs will be sent.

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 c1assads@nutsvolts.com
for closing dates. available sizes. and special prepay discount offers.

Classified ads work! Call today!

Antique Electronics

FOR HISTORICAL MUSEUM
pre-l 980 microcomputers.

magazines. and sales literatu re .
Floyd.VA 2409 1-034 1.

54 0-76 3-3311 • 540-74 5-2322

www.ChildhoodRadios.com

IIIe resource for collectors 0'
Ylnta.e (5' 5 " 6'5) electronics:

' Parts ' Supplies •How-to Videos
' Tools ' Batteries ' Adapters ' Service

Documents 'Message Board.
' Links to Collectors. & More

- CONVERTERS ­

8590.8600. DPV7. DPBB.
CFT20 14. $15 each.

Raw. no RlM.AII units are power­
up. excellent shape. minimum 10
lot. no descramblers. Converter
parts. accessori es. data crystals.

call for others not listed.

1-866-601-1238

Computer
Hardware Wanted

DEC EQUIPMENT
WANTED!!!

Digita l Equipment Corp.
and compatibles.
Buy - Sell - Trade

CALL K EYWAYS 937-847-2300
or em ail buyer@keyways.com

Components

FREE 110 Pg CATALOG

Electronic compo ne nts. kits .
test equipment. tools . an d

supplies fo r hams. hobbyists .
and busine sses. Many hard-to­

find items like variable
capacitors. vern ier dia ls. coil

forms. magnet wire. an d toroids.
O cean State Elect ro nics

www.oselectronics.com

IF Transistors, Door Knoll bps,
Power Supplies, 'ulles, COIX,

Mon Wire

Connectors Wire/C1ble

r c The RF Connection MIL-Spec Coax Available (Teflon,PVCIIA)
1R ~ 213 N. Frederick Ave.•Ste. II NV New Prc:'duct Belden 9913F. 9913 with

F, Gaithersburg. MD USA 20877 High Density PE Foam dielectric,
~ http://www.therfc.com/ stranded center condoand Duobond

IIIJacket $0.80/ft or $76.0011 00ft
Comp lete Selection of MIL-Spec Coax. Also New:9092, RG8X withType II Jacket

RF Connectors and Relays Intra Price $23.0011 00ft
UG-21BlUN Male for RG-213/2 14 .$5.00 Call for Specials of the Month
UG-21 DIU N Male for RG-2131214 .$3.25 Full Une of Audio Connectors for learn.
N Connectors for 99 I3/Rexi4XU9096 Kenwood. andYaesu
UG-21Bl9913 .....$6.00 1 PinsOn ly......$1.50 8 Pin Mike Female $2.50
UG-21D/99 13 ..$4.00 1 Extra Gasket$O.75 8 Pin Mike Male Panel $2.50
Amphenol 83-15P-1050 PL-259 $0.90 13 Pin DIN for Kenwood $2.75
UG-176/U Reducer RG-59/8X, $0.25 8 PinDIN for Ieom $1.00

or 5/$1.00 8 Pin DIN for Kenwood $ 1.50
UG-175/U Reducer RG-58/58A $0.25 Prices Do Not Indude Shipping

or 5/$ 1.00 Orders 800·783·2666
Silver Teflon PL-259/Gold Pin,$ 1.00 Info 301-840-5477

or 101$9.00 FAX 30 1·869·3 680

Computer
Hardware

Have an Idea?
Protect It now make $$ later
Get Provisional Patent-Pending

from $99 .99. Patent. Searching.
[, Invention Dev. Services.

Call 1-88 8-8 9 -PAT E NT S
www.BayAreaIP.com
for FREE information

Education

UCANDO VCR Educational Products Co.
(Est. 1988)

Inventor Services

Affordable Robotics
Training Courses in :

Bas ic Elect ron ics
Dig ital Electronics

Relay Con trol
Servo Controllers

PLC Systems
Hydrau lic Systems

From Basic to Advanced!

WWWUCANDO-CORP.COM

1-800-678-6113

FREE SHIPPING!

I 250879 25(2290 3-5001 4CX250BI
See our website for other products
www.westgateparts.com
Westgate 1-800-213-4563

- Push Button
input from
VGA.AV and
S·YIdeo

• V\Orks with or
without PC

· 24bit, 16.7
million colo rs

Mateo Inc., Schaumburg. IL
1-800-719·9605

sales@matco .com

www.matco.com
VGAto Video

Converter ULT-2000

- Capture PC
Images on
video tape

• Use 1V as PC
display

• Simultaneous
display on
VGAmo nitor

Manufacturer and dist r ibutor of
ele ctrica l and electronic w ire

and ca ble since 1973.
ITEMS AVAILABLE FROM OUR STOCK:

Hook up wire. Shr ink tubing.
Cable t ies. Connectors .

Wire cut & st r ip to specs.
If int ereste d. please call

1-800 -626-7 540
FAX: 7 14-563-8309
See us on the Internet:

www.anaheimwire .co m or
email : info @ anaheimwire .co m

Visa/MC IAmex.

ANAHEIM WIRE PRODUCTS

Cable TV

Just now available !! Latest 2003
mod el t echnology. Signal boost er.

PPV tes te r. interference filter.
Wholesale prices. Call fo r info or

flyer. 41 2·833·0773

8.4" LCD w/Touch $39
Complete Kit $375

Includes:
VGA & Touch Controllers .

Inver te r.And All Cab les.
877-363-9510

www.a2zrealty.com/lcd

DIGITAL CABLE TV FILTE R

ABC WHOLESALERS, INC.
Importer & distributors of the

Multitech 4S00 & SOOO series 125 ch.
new basic converter.

FREE UP S GRO UND SHI PPIN G O N
ALL MODELS

All of the following basic converters
come w/new remotes & lots of 10

• SA 8S80 $ 19 ea. • SA8600 $2S ea.
• Jer. DPV7212 $1S ea. • Jer. BB7312

$25 ea. • Jer. CFT 2014 $2S ea.
• Jer. 22S4 • Pia 6310

For large quantities please call for
pricing.We have all models

replacement remotes.
Se habla espanal.

Call us toll free 1·800 -5 10-1924.

Automotive MP3 ­
GPS
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C LASS IF IEDS
Amateur Radio Miscellaneous Electronics For Sale Microcontrollers
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GOTSTRABor
• This revolutionary new to ol

makes practical robot navigation
possible 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

directions it returns.
• Strabo Pathfinder accepts

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

DC MOTOR CONTROLLERS:
12V-48V, SOA & 100A versions.

PWM controllers in either
unidirectional or H-bridge

designs. Microcontroller based
inputs accept pot, RIC servo, or

computer signals for 0-100%
speed cont rol of DC motors.

Kwan Motorsystems
408-929-2777.

info@kwanms.com
www.kwanms.com

ARobot Kit from Arrick
Robotics uses the Basic Stamp
II.Q uality metal construction.

Easy to assemble and
very expandable.

$235.00
www.robotics.com/arobot

Robotics

www.kadtronix.com

• Converters
• Repeaters
• FiberOptics
• Digital lJO
• Multidrop RS232
• CustomUnits
•AutoTXEnable

Military Surplus

Printer Supplies

ExtensiveInterface ProductLine
RS232 "Extension Cords"

Up to 115.2 Kbps, 4000 fl. ++
Large MultidropNetworks.
Isolated Units.Smart Units

RemoteRelay"Extension Cords"

Call the RS485 Wizards at
(513) 874 -4 796

H.T.Orr - Computer Supplies
249 Juanita Way

Placentia CA 92870·2216
Phone toll free: 1-800·377·2023

Local: 714-528-9822
FAX: 714·993-6216

E·mail : Htorr@aol.com
http://users.adelphia.netl-htorr

Write for price list or check out
our web page.

At discount prices.

Ink Jet Refills

Ink Jet Cartridges

GRAPHITE-HIGH density,
slabs, blocks. plates , pieces.
Used for fuel cells. motor
bushings, melting metals,

crucibles. rocketry,science
projects. electronics.

Big IS pound box assorte d.
ONLY $99 SHIPPED.
Jim Sciuto, Box 128,

Methuen, MA 01844 or
603-645-4772 or see photo at

USMintquarters.com

Speakers. parts, manufacturing
equipment. Million dollar

invento ry. ISE (our 25th year) we
buy-sell-liquidate.

CALL 956-350-5555

WWW.ISESURPLUS.COM

Hard-to-find Printer Ribbons

www.blkfeather.com

White
LED

Keychain
Flashlights !

$1.00 ea.

Super
Blowout

Deal!

Regular White LED

Flashlights Too!

Other colors available.

• Great for the speaker building novice .
• Finished syst em 80unds and looks great.
• Easy 2 hour assembly.
• Include s In-depth Instructional workbook.

FREE CATALOG

~~~~®~
www.partsexpress.com

SOURCE CODE: NV",'

SURPLUS & REFURBISHED
ELECTRONIC EQUIPMENT

PARTS & ACCESSORIES
Over 4,000 it ems in stock.

SMC ELECTRONICS
www.smcelectronics.com

Publications

ELECTRONICS BEGINNERS!

Get the book that is easiest to
read and understand.

Go to www.amazon.com,
select Books, search for

Shenefield. click on the title, and
then click on Customer Reviews.

ANIMATRONICS:
HOW TO

"Affordable Animatronics,
AVisual Guide"

Numerous applications. technical
references. examples. cont rollers,
electronics. mechanical devices,

and construction ideas.
www.bpesolutions.com

303-651-3794

Speakers

SUPER HIGH GAIN 14 dbi
flat antenna with N or SMA

connector tuned for 2.3-2.5 GHz.
Use with 2.4GHz ATV 8 channel
transmitte r or receiver. $179/ea

- SPECIAL PRICE!
EzATV. Visit our web-site for

dealers o r order on-line.

www.4atv.com

www.4atv.com

WANTED: ROCKWELL
Collins HF-80, KWM2A, and

S-Line equipment .
Also Collins literature.

Jim Stitzinger
661-259·20 I l-Pax 661-259-3830

jstitz@pacbell.net

2.4GHz POWER amplifier
with power supply. 10-40 mW
input, one watt output with in-

line SMA connectors and built-in
heat sink.Approx. 2" x 2" x 5/8"
size. Frequency range 2.3GHz­

2.5GHz. $1 29/each. Compatible
with allATV product lines.

EzATV. Visit our web-site for
dealers or order on-line.

ZAP CHECKER
100 TIMES ~

MORE SENSITIVE ~c~
THANAFIElD STRENGTH METER 1z....~Jtl:

$89 (+ 7 S&H) '4f~,.~
• QRP toKilowatt Tune·ups ~
•Antenna Radiation Patterns &Ratios
• Fox Hunts
• CableLeakageDetector
• Computer Wireless Installation
• Surveillance &8ug Detection

· lOMHI I. 45GHI ' UNEAR&lOGARITIIMICDETECT1ON
•ANAlOG &LEDDISPLAYS •ADJUSTABLE GA IN

•SILE NT VI BRATOR MODE •INTERNALANTENNAS
Alan BroadbandCompany Phone : (688)369-9621
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Job Opportunity

905-820-8020

S atellite T V

12·HR TELE·RECORDER
" • Fully automatic
TLC·1 •Amazing sound

• 2-Yearwarranty
Only $69

CaliVakis at:

EDITOR WANTED
Nuts & Volts magazine is looking

for an experienced editor to wo rk
out o f o ur Coron a, CA office .
Dutie s include co nte nt
manage me nt and de ve lopment,
budget and deadline compliance, as
well as technical editing and other
dut ies.

Can didates should have a strong
engineeringltechnical bac kground
and proven ability to co ncept, w rite,
ed it and del iver con tent on time ,
prefe rably for a technical magazine .

More details can be foun d at
www.nu tsvolts.com lf interested,
se nd resume by emai l on ly (no
attachme nts plea se) to Rob in
Lemieux at ro bin@nutsvolts .com

No phonecalls will be accepted
or returned.

~ ~Skyvision'
FREE SATELLITE

~ i TV Bu ye r's G u ide .
BIG Dish es-BIG

Deals! Ge t the MOST free and
subscription ch a nne ls with C-
band digita l upgrade! Get high

speed Internet on your big dish!
SKYVISION 800-334-6455,

Int'l 218-739-5 23
www.skyvision.com

UPGRADE YOUR
C/KU·BAND

SATELLITE SYSTEMS
I can help you.

John Horvath @ Minaret Radio
PH: 909-943-3676

FAX: 909-943·2606

Telephone

Logic Analyzer
Signal Generator

Frequency Counter
Source Code/API

USB Device Builder
Expert Design Help

Connect, Control and Debug
your embedded project
from your PC over USB

(909) 693-3065

Test Equipment

Mateo, lnc., Schaumburg, IL
1·800-719·9605,

saleS@matco.com

www.matco.com
Color & BIW Board Cameras

www.matco.com
Weather Resistant
Outdoor Cameras

WR-700 type,

high impact
tem pered glass

with stan d. Small

compact size
with sun shield.

Standard 3.6mm
lenses with optional lenses of 6, 8,

and 12 mm at $20 extra.
430 Line BfW $99/each .

420 Line Color $ I79/each.

consumertromcs.net

HP 8920AlB service mon itors
from $2,900 Spectrum analyzers;

signal gen erators; cellular te st
sets for CDMA,T DMA & GSM

an d more
Ph 7 16-763-9104;

www.amtronix.com

·BX-120-LC (350 lines color) $85
·BX-12S-LC (380 lines color) $90
·Sub-miniature BX-123-AU

(420 lines BIW with audio) $65
Mateo , Inc., Schaumburg, IL

1-800-7 I9·9605
saleS@matco.com

www.matco.com

~:; I - ------ I
::~ . _ I . :

Time lapse, with remote, can be
activated by either contact
closure or continuous duty

operation with standard T-120
tape. ES-8960 at $289.

Matco, lnc., Schaum burg, IL
1·800-719-9605

saleS@matco.com

www.matco.com
960 HOUR RECORDER

INFRARED CAMERA
AX-808 (BIW)
orAX-808-C

(color) .
Des igned for

freshwater use.
up to 85 feet.
Enclosed LEDs

illuminates up to a distance of 20
feet. 12 volt opera tion.

COLOR $1 49 • BIW $99
Mateo, lnc., Schaum b u rg, IL

1-80 0-71 9- 96 05
saleS@matco.com

www.matco.com

9 VOLT IR sensitive BIW high res 430
TVLcamera with optional black low­
profile swiveladjustable enclosure. Pin

hole or Std. lens type. 6, 8, & 12mm
lens are available. 1/3" CCO,

3.6mm/F2.0 lens included;works from
7.5-13VOC, highest voltage range in

market. 0.08 lux. 1.27" x 1.27" x 0.5"0
pinhole or I " deep standard. $49 each.

Enclosure: $8; optional lens: $18.
Matco, Inc.. Schaumburg, IL

1-800-719-9605,
saleS@matco.com

SILENT VIBRATO R _ $329_d~
To d'KU1.Iy Il~ your d-.t to . bug lA - 6.0Gl'UYagI__

ALAN BROADBAND CO. $269 ",,"~y~
9l AItCH ST. RIOWOOO CfTY,CA_:lI lCA__.n.... taII

650-56... 96 :17 Ua_la9-9627
....x, 65 0.J. 9-J7"

SELECTABLE ANTENNA OPTIONS
S MA COA XIAL CONNECTOR
for f~UPnCy-s~lfic. dj rKtlof\a' ante " n.lIS

1 fiXED INTERNAL ANTl:NHAS· NO ANnN"' ''' AO}l)STME~

www.matco.com
2.4GHz WIRELESS

L1NI! AR - MO Jt ...nJltj~ mode

LOGARITltMIC - 8road~t si9 ...1strengt h indicator
INTtl'tM£OtATE · High Wf'SitiYity with two.d si9.... dflKtIon

ANALOG METER . UO DISPlAYS
dl suont & n lgtm;m .. dC"tlN;1lonw I accurate /INIog ",,,ding s

S ecurity

SWEEP A ROOM FROM THE DOOR

ZAP CHECKER MODEl 210
EXTRAORDINARY SENSITIVITY
UPGRADEDPREAMPUFIER
2.4GH2bugs detected at 30 + feet

BROADBAND EFFECTIVITY
lOMHz to 45GHzdetectionrange

3 DETECTION MODES

Transmitter/receiver kit.ASK-

2008-TR, 8 frequencies uP

controlled 2.300 to 2.481 MHz,

video NTSC/PAL with 2 channels

of audio . 12VDCII 00 mA Includes

2 rubber duck antennas. $125.

Mateo. Inc., Schaumburg,lL
1-800-719-9605

sales@mat co.com
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"vvn ere It Is and How to Get It"

Robotics Resources
Sensors for Tilt Measurement

A ommon means of providing
a robot with a sense of bal­

nee is with a tilt sensor or
tilt switch . The sensor, or switch ,
measures the relative angle of the
robot with respect to the center of the
earth. If the robot tips over, the angle
of the sensor/switch changes, and
this can be detected by electronics in
the robot. Tilt sensors are particular­
ly handy for walking robots as a
means to provide attitude feedback.
The sensors are also useful with
sumo and other fighting robots as a
way to indicate when the machine is
about to fall or roll over.

This month, we'll look at a vari­
ety of tilt sensors applicable to small
robots . Prices vary from about
$10.00 to several hundreds of dollars.

Types of Tilt Sensors
Tilt sensors and switches come

in various forms and packages.
Common var ieties include the follow­
ing:

Mercury-filled glass ampoules
that form a simple on/off switch.
When the tilt switch is in one position
(say, ho rizontal ), the liquid mercury
metal touches contacts inside the
ampoule, and the switch is closed . But
when the switch is rotated to vertical,
the mercury no longer touches the
contacts, and the switch is open.
The major disadvantage to mercury
tilt switches is the mercury itself,

which is a
highly toxic
metal.
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Ball-ln-cage, These ali-mechani­
ca l switches are po pular in pinball
machines and oth er devic es where
small changes in level are required.
The switch is a square or round ca p­
sule, with a metal ba ll inside. Inside
the capsule are two or more electrical
contacts. The weight of the ball
makes it touch the electrical con­
tacts, which forms a switch. The cap­
sule may have multiple co ntacts to
measure tilt in all directions.

Elect ronic sp irit level sensors use
the common fluid bubble, along with
some interfacing electronics . A sp irit
level is the same kind you se e on
ord ina ry levels at the hardware store
- it's merely a glass tube filled - but
not to capacity - with wate r or so me
other fluid. A bubble form s at the top
of the tube since it isn't completely
filled. Because of gravity tilting the
tube, it makes the bubble slosh ba ck
and forth . An optical sensor - an
infrared LED and detector, for exam­
ple - can be used to measure the rel­
ative size and position of the bubble.

Electrolytic tilt sensors are like
mercury switches, but are more co m­
plex, and a lot more costly. In an
electrolytic tilt sensor, a glass
ampoule is filled with a special elec­
trolyte liquid - a liquid that conducts
electricity - but in very measured
amounts. As the switch tilts, the elec­
tro lyte in the ampoule s los hes
around, changing the conductivity
between two (or more) metal con­
tacts . Mechanica l/optical tilt sensors
use a pe ndulum or othe r mass to
rotate a potent iometer or optica l
encoder in response to tilt. These are
entirely solid-state - unlike sp irit level
or electrolytic tilt sensors - which
incorporate a liquid.

Acce lerometers can electronically
detect the pull of the earth's gravity.
The latest accelerometers are avail­
able on a single integrated circu it,
making them small and relatively
inexpensive. Of all the potential sen­
sors useful for measuring tilt,
accelerometers are among the least
expensive. An acceleromete r is a
device that measures change in
speed. Accelerometers are used in

vehicl es , rockets, even elevators . Put
an accelerometer in a car, for exam­
ple , and step on the gas. The device
will measure the increase or decre ase
in speed. Most accelerometers only
measure acceleration (or decelera­
tion) , and not constant speed, or veloc­
ity. Velocity informat ion can be derived
from acceleration data , however.

Although designed to measure
ch anges in speed, many types of
accelerometers are also sensitive to
the constant pull of the earth's gravi­
ty. This type of accelero meter can be
used to measure the tilt of a robot.
This tilt is represented by a change in
the gravitational forces acting on the
se nso r. The output of the acce lerom­
eter is either a voltage, or it ca n be a
digital signal that indicates the rela­
tive acceleration at any given
moment.

Analog Device s is a semicondu c­
tor maker, primarily of industrial and
military grade operational amplifiers,
digital-to-analog and an alog-to-digital
converters, and motion control prod­
ucts . One of their key product lines is
the ADXL line of accelerometers,
which use a pa tented fabrication
process to create a series of near­
microscopic me ch anical beams. This
"micro-machining" involves etching
material out of a su bstrate. During
acc eleration , the beam is distended
along its length. This distention
changes the ca pacitance in nearby
plates. The ch ange in capacita nce is
co rre lated as ac celeration and decel­
eration .

In addition to the mechanical por­
tions of the accelerometer, all the bas ic
interface circuitry is part of the device.
In fact , looking at one of the ADXL
accelerometers, you'd think they were
just integrated circuits of some type.
Because the basic circuitry is includ­
ed as pa rt of the ac celerometer, only
a minimum number of external parts
are needed.

Analog Devices makes a lower­
cost line of accelerometers specifical­
ly de signed for cons umer products.
Their ADXL202 is a du al-axis device
with a ± two-gram sensitivity (if you
need more grams , ch eck out the
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Spectron
595 O ld W illets Path
Hauppauge, NY I 1788
(63 1) 582-5600
www.spectronsensors.com

Single- and dual-axis tilt sensors
and single- and dual-axis inclinome­
ters (dig ital and analog outputs).
Application notes available at the site.
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Make Contact

web site provides a number of technical
app notes that are useful for learning
more about sensing technologies.

US Digital Corp.
I 1100 N.E. 34th Cir.
Vancouver;WA 98682
360.260.2468
www.usdigital.com/

Manufacturer of low-cost optical
encoders and inclinometer tilt sensors.
The company offers both incremental
and absolute tilt sensors, at prices start­
ing arou nd $70.00 (absolute output is
more expensive). The units are avail­
able with different resolutions, up to
2,048 counts per revolution. See Figure
2 for an example of an inclinometer tilt
sensor.

Got a great source for a nifty
robot, kit, or component? Feel free
to pass it along to me at robots@
robotoid.com. NV

Gordon McComb is the author of the best­
selling Robot Builder's Bonanza and the Robot
Builder's Sourcebook, both from Tab/McGraw­
Hill.In add ition to writing books, he operates
a small manufacturing company dedicated to
low-cost amateur robot ics. You're welcome
to visit www.budgetrobotics.com/.

Figure 2. US Digital's T6 Incremental
Inclino meter.

I

PNI Corp./Precision
NaVigation
5464 Skylane Blvd. Ste.A
Santa Rosa, CA 95403
(707) 566-2260
www.pnicorp.com

PNI makes a number of ready-to­
use sensor modules , including com­
pass, radar, magnetometer, and incli­
nometer. Online purchasing available at
the web site. Example products include
the TCM2 inclinometer ($305.00).

Sensors, Inc.
5557 Pioneer Cree k Dr.
Maple Plain, MN 55359
763-479-4570
www.sensorsincorporated.com

Online retailer/distributor for a
num ber of manufacturers of industr i­
al sensors , including HohnerCa rlo
Gavazzi, Cutler-Hammer, and SICK. The

Memsic, Inc.
800 Turnpike St.Ste . 202
North Andover; MA 0 1845
(978)738-0900
www.memsic.com

Memsic offers a low-cost, dual­
axis accelerometer that is designed to
be both rugged and super-sens itive.
The co mpany offers online pu rchas­
ing - several models are available
with different signal output types and
sensitivity ranges. An example prod­
uct is the MXA2312U, rated at ± two
grams, with an analog output. Cost is
$12.50 in single quantities .

Measurement Specialties, Inc.
710 Rt. 46 E. Ste. 206
Fairfield, NJ 07004
(888) 236-6746
www.measurementspecialties.com

Measurement Specialties makes
and se lls sensors, pa rticula rly piezo
sensors using Kynar plastic. These
sensors ca n be used for such th ings
as ultrasonic measurement, touch,
vibration , and acceleration. The com­
pany provides online buying , but the
minimum orde r is $ 100.00. Some of
their product is also sold by Digi-Key
and other distributors , such as
Images, Co. (www.imagesco .com) .
Exa mple prices a re $ 19.95 for a sin­
gle-axis accelerometer.

www.entran.com
Manufactu rer of strain gauges,

load cells , acce lerometers, and pres­
su re sensors. Fairly high-end stuff
here, designed for precision measure­
ment. Web site in English, French,
German, and Spanish.

Analog Devices, Inc.
eo Box 9 I06
Norwood, MA 02062-9106
(78 1) 329-4700
www.analog.com

Analog Devices is a key manufac­
turer of precision linear sem iconduc­
tors. Among their product line is the
low-cost ADXL series of accelerome­
ter/tilt sensors, which ca n be readily
used in amateur robotics . Their web site
contains copious da tasheets, white
papers, application notes , and other
documentation. Samples can be
ordered directly from the site. A num­
ber of industrial electronics distributors ,
such as Allied Electronics and Newark,
ca rry the Analog line for resale.

Crossbow Technology, Inc.
41 Daggett Dr.
San Jose, CA 95134
(408) 965-3300
www.xbow.com

Crossbow manufact ures iner tial
and gyro systems, accelerometers
modules , and tilt sensors. Their
accelerometers are available in sin­
gle-axis and tri-axis, Crossbow's prod­
ucts are inten ded for industrial meas­
urement app licat ions.

Sources

ADXL210, which is rated at ± 10
grams). The ADXL202 has a simpli­
fied output: As acceleration changes,
the timing of the pulses at the output
of the device change. This change
ca n be rea dily de te rmined by a PC or
microcontroller that measures the
leng th of the pulse.

The ADXL202 is a surface-mount
co mponent, so if you want to use it
with a regular prototyping board or
solderless breadboard, you'll need to
solder it to a carrier, then attach the
carrier to the rest of you r chip.
Ana log also sells a handy evaluation
board (see Figure 1) with a n
ADXL202 and a standard 0.100-inch
header for easy attaching to standard
breadboards and so lder boards.

Analog provides a datasheet and
application note on us ing the
ADXL202, and provides links to
resellers of the chip on their web site
(you can also buy some products
directly from the company). See the
web site address in the sources list.

Entran Devices, Inc.
10Washington Ave.
Fairfield, NJ 07004-3877
(973) 227- 1002
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Laser Insight by Stonley York

Exploring ond Experimenting With Losers ondTheir Properties

Laser Insight
Put Your Holograms in Motion

O
ver the last couple of months,
we have been looking at var­
ious hologram types , and set

up our own optical table to make
holograms. Often in scientific and
engineering circles, there is a need
to make holograms of objects or
mechanisms under stress or in
motion. The dynamic stresses
imparted into any mechanism dur­
ing operation can affect the mecha­
nism's life span or accuracy, for
instance.

When making a conventional
hologram, it is necessary to maintain
stable conditions around the optical
assembly, so that the wave fronts
impinging on the film plane maintain
the proper spatial relationship.

Any movement of more than a
half wavelength will cause wave front
distortion that will mar a static holo­
gram.

In recording dynamic events ­
such as gun barrel deformation dur­
ing firing - it is necessary to make a
double exposure to the hologram,
such that two sets of interference
fringes are combined.

Any part of the object that does

80

not undergo some deformation will
exhibit no change in the interference
pattern, but those parts that do
deform (or move) will immediately
show up as a discontinuity in the
interference pattern in the developed
hologram.

Obviously, the two exposures
have to be made very close together,
time-wise , so that the recorded
events are related to the same stress­
inducing stimulus. Often, the time
delay between these exposures is
measured in low microsecond inter­
vals , up to about one millisecond.

A special optical shutter (called
a Pockels cell) is used to generate
two "Q" switched pulses for each
lamp flash, and I will be describing
this in more detail as the article pro­
gresses. Beyond a millisecond, other
methods are used to make the dou­
ble exposure.

This month, I will begin to
describe a simple Cr:Ruby laser.
There will be a number of issues to
discuss, and I expect it to take a few
columns before we are done. At the
end, there will be enough informa­
tion for anyone with the required
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skills to put together a ruby laser of
modest power, and definitely useful
for light drilling or welding, or with
additional components, for holo­
graphic purposes.

Static holograms are often made
using the fast, high-intensity pulse of
a ruby laser to capture an image
instead of a much longer exposure if
a HeNe laser were used. The wave­
length of the ruby laser is 694.3nM,
where the HeNe laser is 632.8nM.

The ruby laser emits a high
intensity pulse of red light, and is
very often used in double-pulsed
holographic systems, as mentioned
above. These double-pulsed systems
are designed for the dynamic study
of stress and movement in mechani­
cal structures.

Over the next few issues, we will
construct a small Cr:Ruby laser, and
follow that with some ideas for pro­
ducing a single pulse and a double
pulse from this laser. It is also very
often used to drill high aspect ratio
holes (small diameter, deep holes) in
stainless steel , or weld materials
together.

Because of the low-pulse rate
imposed by the laser rod, this laser
cannot be used effectively for cutting
applications. The power supply I will
describe later will not support pulse
rates higher than a couple of pulses
per minute, which is typical for a
Cr:Ruby laser. The most powerful
ruby laser I have worked on had a
maximum pulse rate of one pulse per
second.

However, before we begin
discussing the building of this laser,
I must give out some words of
warning:

Warning Warning Warning

The laser to be described is
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Section A-A
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rail. The main object is to find so me­
th ing rigid , so either use a 3/8" or
1/ 2" so lid piece, or for a lighter rail,
use a piece of steel or a luminum
channel. If you opt for the channel,
make sure it is thic k enough in sec­
tion to put threaded ho les in the
mounting su rface, or at least, room
underneath for locknuts. If you visit
your local metal distributor, you may
be ab le to pick up a suitable piece of
fla t stock or channel for under
$25.00 or so.

The ove rall len gt h should be
about 24-36 inches, and about 4-6
inches wide. The dimensions of this
piece are not critical , so long as it is
not twisted or bent. Of course , you 'll
have to drill and tap your own mount­
ing holes for everything.
Alternatively, Edmund Scientific has
a good choice of optical be nch
plates you may use. These plates
come predrilled with a large number
of holes .

They a re a little more expensive,
but need no furthe r work before you
start to use them. Also , their hole
spacing allows easy fixturing for
other optical elements you may wish
to add later, e ither to enhance
the laser, or perform some other
function .

This is proba bly the most im por­
tant part of the laser, and the one
mos t likely to give problems if you
get low power output, or a rcing dam­
ag e. It's also go ing to be one of the
most expen sive pa rts to ge t mad e,
un less you have access to a machine
sh op an d do the work yourself. So
for these reasons, we'll deal with this
item first .

The optical rail consists of a
massive machined or extruded rail
that has a good flat mounting sur­
face. It is im porta nt the rail be mas­
sive so th at it is sta ble - bo th
mech anically and thermally - es pe­
cia lly if you intend to use it for holog­
raphy.

The drawing in Figure 25-1
shows a co up le of variation s on the

The optical rail

have to buy everythi ng new, then
you'd better have some prett y deep
pockets .

This month, we will be concen­
trat ing on some of the mecha nica l
pa rts of the system, and in pa rticu­
lar, the optical rail. We'll switc h to the
cooling requirements , electronics ,
and controls over the next couple of
issu es.
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Figure 25-2.
Laser head block

dimensions.

r
L

dangerous. The power suppLy is
capabLe of producing LethaL volt­
ages, and at very high puLsed-cur­
rent capacity. This is a ser ious
Laser, and shouLd on Ly be under­
taken by those persons who will
take it seriousLy. The capacitors
used in the suppLy will retain a
high voltage charge for a Long
time, and must be compLeteLy dis­
charg ed before any work is done
inside the un it.

If a short ci rcuit occurs during
the charge or discharge of the
high-voltage capacitors, then seri­
ous damage to the suppLy will
result, as weLL as anything eLse
that may be attached to the sup­
pLy. It is a very pouierful suppLy,
and shouLd be built ca refuLLy , with
regard for safety being the top pri­
ority.

There will be a number of safe­
ty interLocks b uilt in to the power
suppLy and Laser rail, and these
devices must be incorporated to
ens ure safe operation of the Laser.
DO NOT OMIT OR BYPASS ANY
OF THESE INTERLOCKS!! Neither
the author nor this magazine can
b e h eLd respo ns ib Le for y ou r
actions, so pLease be cereful and
act responsibLy.

With this
wa rn ing , we can
now discuss th e
laser and its vari­
ous subassem­
blies.

Perhaps
sho uld also warn
you that many of
the pa rts used in
this laser a re
expensive. The
Cr:Ruby rod alone,
for instance, will
set you back
about $1,700 .00,
so be sure you ca n
justify building this
laser before you
st art. I cannot give
you an overa ll cost
break down on this
laser, since a lot
will depe nd on
where you obtain
the many parts of
the system. If you
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Laser Insight

The laser head

In this design, the laser head is
made from a solid block of plastic,
preferably Lexan, a commercial poly­
carbonate, machined out to accept
the laser rod , flashlamp , and pol­
ished reflector. Figure 25-2 gives
dimensions of a head block that is
suitable for the lamp, rod , mirror
mounts, etc., listed at the end of this
article.

The most difficult part of this is
the machining, which must be pre­
cise. I have access to a machine
shop, that I use quite often, and can
quickly change the design or dimen­
sions to suit whatever I have available.
I know not everyone has th is luxury,
and so I try to keep my designs as
simple as possible so that others
don't have to spend a fortune trying
to copy something I have created.

The type of plastic used in this
design is not really im por tant, but I
would suggest us ing black, carbon­
free plastic (Lexan) if you can find it.
It should be free from carbon to pre­
vent any problems with the high-volt­
age terminals mounted inside. Other
colors would be okay too , but black
will give minimum light leakage when
the lamp fires. This should be consid­
ered if you intend to use it in hologra­
phy experiments.

The plastic should also be able
to withstand a moderately high tern-

perature without deforming or "giv­
ing " under pressure . If the high-volt ­
age terminals develop a problem,
they could start to see a change in
temperature due to the high currents
involved when the f1ashlamp fires. If
the temperature of the material is
such that the plastic re laxes, the
hold ing screws will loosen, making
the initia l problem worse. In addi­
tion , the mounting surface may
become distorted because of the
mating pressure (of hold down
screws, etc.) los ing the a lignment
reference.

The head block and top should
be a close fit to keep extraneous
light from leaking out during firing.
To help with th is, and to ensure a
seal against water leakage, you
should machine an "0" ring groove
around the top surface of the head
block, as illustrated in Figure 25-2.

In a commercial laser system,
the inte rior of the pump chamber is
flooded with de-ionized water. In ou r
system, this particular feature may
be left out if you wish to keep things
simple. The lamp life will be
reduced, and the rod will require
longer cooling-off times between
shots.

If water is included, then we
must also add a circulation pump, a
de-ionizing filter, delivery hoses ,
water leve l and flow switches, a heat
exchanger, and a temperature sen-

sor. Th is will obviously complicate
th ings , and add considerably to the
expense. If you keep the pu lse rate
down to perhaps one pu lse every
couple of m inutes, and by restricting
the power input to the lamp, you can
eliminate the water, and thus, all the
other items just mentioned.

I will describe the water circuit
later, but I will leave it up to you to
decide whether to include it or not. I
recommend it, since it will give the
laser greater flexibility in that it can
run ha rde r a nd fas ter.

I have a couple of sources that I
use for laser parts. One source is
Kentek , Inc. I have used them on
numerous occasions for my busi­
ness , and they always seem to have
what I need. These folks have stan­
dard laser mirrors on the shelf, and
can give you almost anything you
need. I'll list the phone numbers and
email addresses for these and other
vendors at the end of the article. If
you make your own head block (fol­
lowing the drawings accompanying
this article ), then the centerline
he ight of the laser rod is the same as
the centerline he ight for the mirror
mounts. Howeve r, if you buy a laser
head from Kentek, the height may
be a little different, and you should
use paralle l spacers to adjust the
height of the lower com ponents .

Machining the laser
head

7.00
6.25

--4i» - ----I0}-- - -- -<~
~r' '( '(

Figure 25-3. Laser head block top
dimensions.
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RO.25 4 pies

DriB .,0.187" thru hole.
C·bore .,0.281" x
0.710" dp 6 pies

If you have the resources , you
may wa nt to machine your own
head bloc k. I have designed a sim­
ple head block for this project, and if
you can make it yourself, it will be a
whole lot cheaper than getting one
made.

Looking at Figu re 25-2 , you' ll
see tha t the head block is machined
out of a solid piece of plastic. This is
easier than trying to piece together
several smaller parts , and th ings
cannot loosen up or move on you. It
may be more wasteful of plastic , but
the stability offered by a single
machined part, and reduction of
potential water leaks, is well worth
the extra trouble.

The dimensions given for the
head block re late to the laser rod
size , lamp dimensions, and reflector
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used in this project. If you have
other parts you wish to try
instead of the ones specified, you
will have to change the dimen­
sions of the block accordingly.

You have to be careful when
machining plastic. Even though
cutting machine tools usually
have some kind of coolant flow,
plastic - be ing a poor heat con­
ductor - only cools on the sur­
face . The inside remains warm
for a long time.

To a llow for dimensional
changes due to thermal expan­
sion when machining plastic, you
should do a rough cut first to get
the block close to size , but leave
about 20-50 thousandths of an
inch for the final machining
pass. Finish the machining the
next day, or after a couple of
hours cooling-off pe riod. This will
allow the block to return to room
temperature before the final pass,
and you will find that the surface fin­
ish and dimensional tolerances are
closer to what you need than if you
try to machine it all in one opera­
tion.

The holes in the ends of the
head should be collinear, that is ,
they should ideally be drilled from
one end of the block to make sure
they lie on the same centerline.
However, most reputable machine
shops can accurately locate parts
like this and get the holes to line up .

Figure 25-3 shows the head
block top. This part closes off the
laser pump chamber, and pressure
from the top on the "0 " ring seal
around the head block bottom seals
against water leaks. Lamp changes
are made easy by this design, and
the optical alignment is not compro­
mised when changing the la m p.

Shop around when you get
these pa rts made. You'll find that
machine shops va ry widely in
charge s for doing th is kind of work ,
and their workload will dictate how
much they charge you . As another
alternative , Kentek, the supplier of
many of th ese parts , can also supply
the laser head. But again, it won 't be
cheap. However, since they make a
la rger number of heads at one time,
the overall cost pe r head is lower.

The exploded assembly drawlnq
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Figure 25-4. The
home-brewed laser

head assembly.
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in Figu re 25-4 is shown here for
guidance in assembling the laser
head. Man y of the parts listed a re
shown in th is drawing - some
parts st ill need to be made. This
list refe rs only to head design
shown, not to any th ird-party
source.

Key to the assembly drawing:

1. Lamp cable screws #8-32
x 1/2" (two required ).

2. La m p cables # 1OAWG
flexible cable, terminated in #8-32
crimp-type ring lug.

3. Lamp connector screw
(see text) #6-32 thread.

4. Laser flashlamp (see text).
5. Lamp support and te rm i­

nation clip (see text).
6. Lamp support block.
7. Laser head cover screws

#8-32 x 1" (six required ).
8. Laser head top cover.
9. "0" ring - Parker #2-250,

nom 5" ID x 0.139" section .
10. Reflecto r halves (s ee

text).
11. Head block rail mounting

screws 1/4"-20 x 2" (four
required).

12. Rod holder seal screws
#6-32 x 1/ 2" (six required).

13. Rod holder seal plate.

Parts list for the
optical rail

Prices listed were correct at the time of this
writing and do not include delivery charges.

MF-50-75 Front Mirror 50% R @ 694.3nm
0.750" Dia. x 0.375" thick . $295.00 each
three weeks delivery ARO (Kentek).

MR-100-75 Rear Mirror 99.7% R @
694.3nm 0.750" Dia. x 0.375" thick.
$295.00 each three weeks delivery ARO
(Kentek).

CLR-I /4x3 Ruby Rod 0.25 inch diameter x
three inches long, F/FARIAR @ 694.3nm
0.03% dopant $1,725.00 each if in stock ­
de livery and price may vary depending on
availability (Kentek).

LL-1048F Laser Flashlamp 2.75" arc is to
be used if the rod's current length is not
modified. A three-inch arc is to be used if
the rod is mounted inside rod holders that
will extend the rods overall length
(Kentek).

Water fitt ings - plastic or sta inless steel
only "L" 1/4" NPT - 1/4" Barb. (No brass
or copper.)

"0 " rings and water fitt ings can usually be
found at your local indust rial supply house.
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Vendors for optical
components

Laser rods, mirro rs, lamps, head block - Kente k Inc. (800)
432-2323; www.kentek-Iaser.com.

18. Laser rod .
19. Laser he ad block bottom.
20. Water fittings 1/4" NPT - 1/4" Barb (two

required).
21. "0" ring Parker #2-007 nom 0.14" 10 x 0.07" sec­

tion (two required).

Ask Kentek to mo unt the rod for you.There may be a small
charge, but be lieve me , it will be wo rth it.You may damage the
end of the rod ($ 1,700.00+) for the sake of saving a few
bucks.

Mirror mounts - Edmund Scientific (800) 363- 1992;
www.edmundoptics.com.

Nickel-plated lamp clips - RadioShack (Do not use unplated
ones) www.radioshack.com.

Plastic for head block - Co nsult your local pho ne book for
plastic supplie rs in you r area.

14. Rod holder "0" ring Parker #2-112, nom 1/2" 10
x 0.1" section (two required).

15. Rod holder ba rrel.
16. Rod "0" ring Parker # 2-0 10, nom 1/4" 10 x 1/16"

section Teflon (two required).
17. Rod holder end cap.

All "0" rings are silicon or butyl rubber, except where
noted - a ll screws are stainless steel.

The list of items that follows are some of the items
that are needed to complete the laser head and optical
rail. These are mostly purchased items, and will run you
a pretty hefty bill. In addition , you have to make, have
made, or purchase the laser head block and top. I believe
that th is will keep you busy until the ne xt issue, so I'll
stop here.

There are other sou rces for laser parts on the
Internet, so take a chance and look around. You may find
cheaper parts somewhere else.

Next month, we'll look at the other items that need
manufacturing to complete the laser head assembly, and
start to assemble the optica l ra il.

If you have questions about th is column, or ideas
for future columns, please contact me as always at:
stanley.york@att.n et , or through th is magazine. I may
take a while to res pond to you r email , but I will
respond. NV

PHS ;~~n~r:;;~~o:;are =Snectra Plus
. . Poulsbo. WA98370 ~ t',:FT S ectral Anal sis S stem

a SubSIdIary of Sound Technolog)~ Inc. P Y Y

Sales: (360) 697-3472 Fax: (360) 697- 7717 e-mail: pionee r@te/ebyfe.com

DOWNLOAD FREE 30 DAY
TRIAL!

www.spectraplus.com

Priced from $299
(u.s. sales only - not for export/resale)

Al1l1Ucatlons

• Distortion Analysis
• Frequency Response Testing

• VibrationMeasurements

• Acoustic Research

System RequIrements

• 486 CPU or greater

• 8 MB RAM minimum
• Win. 95, NT,or Win. 3.1 + Win.32s

• Mouseand Mathcoprocessor

• 16 bit soundcard

• 20 kHz real-time bandwith

• Fast 32 bit executable

• Dualchannel analysis

• High Resolution FFT

• Octave Analysis
• THD, THD+N. SNR

measurements
• Signal Generation

• Triggering, Decimation
• TransferFunctions. Coherence
• Time Series, SpectrumPhase.

and 3-D Surface plots
• Real-TimeRecordingand

Post-Processingmodes
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Are you missing something?

You can order back issues of
Nuts &Volts through our website

at www.nutsvolts.com
or call us at 800-783-4624.

Stock up today!
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Assembled with processor and ready to go $249.95
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Events, Advances, and News From
The Electronics World

TechKnowledgey
2003

Advanced
Technologies
Detecting Nuclear Materials
Using Muons

When you think about inspect­
ing vehicles and suitcases for

smuggled nuclear materials, you nor­
mally think in terms of x-ray systems.
But researchers at the Los Alamos
National Laboratory (www.Ia nI.gov)
recently came up with a way to detect
dense materials - such as uranium ­
by tracking the paths of muons as
they pass through. Muons are created
naturally when cosmic rays from
space interact with the atmosphere,
and they strike the earth's surface at a
rate of about 10,000 particles per
square meter. (If you are interested in
particle physics, you probably already
know that a muon is a member of the
lepton family of charged particles and
is 207 times more massive than its
sibling , the electron.) The technique
is actually based on one used in the
1970s by physicist Louis Alvarez ,
who used muon absorption to map
the interior of the second Pyramid at
Giza. It employs an array of simple
sensors placed above and below a
target, plus a computer algorithm
that helps to analyze variations in the
muon's paths as they pass through
certain materials .

In this manner, it is possible to
construct th ree-dimensional images
of the target objects. According to a
LANL representative, early tests
show that it is possible to, for exam­
ple , detect a one-liter block of urani­
um in the equivalent of a truckload of
sheep. And the better the target
material is shielded, the easier it
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becomes to detect it.
This method offers an obvious

advantage over x-ray inspection in
that it needs no artificial radiation
source and is harmless to ever yone
involved. The negative aspect is that,
because muons rain down in relative­
ly low volumes, it takes about a
minute to scan the average vehicle .

Mars Photos Available for
Download

T he NASA Orbiter camera team
(part of the Mars Global Surveyor

project) recently announced a pro­
gram of Internet postings of photos
that "showcase the rich diversity of
Martial landscapes." A new photo will
be added every day, including week­
ends and holidays. The photo includ­
ed here, according to K.S. Edgett and
M.e. Malin of MSSS, shows a collec-

tion of sand dunes in the Wirtz Crater.
The shape indicates that wind has
been transporting the sand from the
southwest toward the northeast. It
covers an area about 1.9 miles (three
km ) wide and is located near 48.6 °S,
25.5 °W. Sunlight illuminates the
scene from the upper left.

Photos can be accessed at the
Malin Space Science Systems, Inc.
(MSSS), web site (www.ms ss .com ).
which already offers access to nearly
125 ,000 Mars images.

computers and
Networking
Intel Breaks 3 GHz Level
for Desktops and
Workstations

I ntel (www.int e I.com) has intro­
duced an improved Pentium® 4

processor, aimed at workstations
and desktop computers, that provides
clock rates of up to 3 GHz. The new
processor boosts speed through the
use of an 800-MHz system bus - an
improvement over the previous 533­
MHz one - and a new chipset plat­
form that improves communications
between the microprocessor to the
rest of the system. The new Pentium
employs Intel 's "Hyper-Threading
Technology" for threaded or multitask­
ing applications to transfer informa­
tion up to 50 percent faster.

For desktop applications, these
tasks include accessing instant mes­
saging while playing a favorite online
game or downloading music while
manipulating digital photos .
Advanced dig ital content creation
tasks such as 3-D modeling, render­
ing, and video editing are some of
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the relevant workstation applicat ions.
The new 875p chipset (formerly

code named Canterwood) supports
dual -channel DDR400 MHz system
memory and a dedicated networking
bus. It includes a high-pe rformance
graphics interface, integrated USB
2.0 and a serial ATA interface, and
dual independent audio engines. The
latter enables users to, for example,
make a PC telephone ca ll while play­
ing a digital music st ream. In 1,000­
unit qu antities , the new Pentium 4
processor with HT Technology and
an 800-MHz system bus is priced at
$417.00. The Intel 875P chipset is
priced at $53.00 with integrated RAID
capabilities - $50.00 without RAID.

New Machine Performs Two
TeraFLOPS

T he National Ce nter for
Supercomputing Applications

(NCSA, www.ncsa.uiuc.edu ), locat­
ed at the University of Illinois at
Urbana-Champaign, recently bro ugh t
online a new supercomputer that will
be used by researchers in a range of
scientific and engineering disciplines,
including chemistry, biology, astro­
physics, atmospheric sciences, mate­
rials sciences, high-energy physics,
JUNE 2003

and structural mechanics. Some of
the questions these researchers will
investigate include how biological sys­
tems work at the molecular and
atomic level, how to better under­
stand and predict severe storms, and
how to build stronger, more stress­
resistant aircraft and spacecraft.

The machine is a cluster of 12
IBM eServer p690 UNIX systems con­
sisting of 384 Power4 1.3 GHz proces­
sors with a total of 1.5 TB of memory.
It replac es NCSA's 1,512-processor
SGI Origin2000 array, which has a
peak performance of 660 gigaFLOPS
and 614 GB of total memory.

Each Power4 ch ip contains 174
million transistors (about 10 times as
many as used by the average PC
microprocessor) that are intercon­
nected by a mile of microscopic cop­
pe r wiring. Each Power4 chip con­
tains two high-speed processors, a
system switch, memory, and input
and output functions .

Information flows between the
memory and the processor at ne arly
125 GB pe r second. According to
IBM, it is possible to link even mo re
eServer p690s to create a supercom­
puter powered by more than 1,000
processors.

Circuits and Devices
low-Cost Handheld GPS
Units Available

,
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The Geko GPS receivers offer accuracy
to within 10 feet, up to 10,000 log
points. and a low cost. Courtesy of

Garmin Internat ional. Inc

I f you have been waiting for a GPS
receiver that offers enough features

to be useful, but does not break your
budget for unnecessary toys, Garmin
Internat ional, Inc. (www.ga rmin.com) .
may be able to hook you with its Geko
101 or Geko 201 receiver. The Geko
series is a follow-up to Garmin's eTrex
product line, featuring a traditional,
compact, waterproof design and a sim­
plified user interface (with features suc h
as one-touch waypoint marking). But
the new product s are smaller and lighter
than the eTrex family, feature front-but­
ton function ality, and operate on two
AAA ba tteries .

The Geko 101 is a low-cost device
designed for navigational novices. It has
five buttons (up/zoom out, down/zoo m
in, OK, page, and power/backlight) for
easy operation, accuracy to within 45
feet (13.7 m), and 250-waypoint storage
capacity with graphic identification to
mark campsites, parking spots , and
other specific locations.

The Geko 201 is an upgrade that
includes the basic functi ons of the
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Geko 10 1 and adds a wide area aug­
mentation system (WAAS) to deliver
accuracy to within 10 feet (3.05 m).
The 201 also boasts a user-configurable
trip computer and 10,000 log points for
automatic recording of electronic
"breadcrumb trails." The Geko 201 also
includes several games that transform
the great outdoo rs into a virtual board
game. Other specifications include a
I.8-inch screen (100 by 64 pixels) and
a battery life of 12 hours. The units are
submersible in one meter of water for
30 minutes, meeting IPX-7 standards.
List prices are $106.24 and $149.99.

Cell Phone for Bikers

$ 0 , you've saved your money,
pawned the wife's jewelry, sold

the television set, and rented the kids
to a Nike shoe factory, thereby rais­
ing $18,000.00 to buy a new Harley­
Davidson motorcycle. You've got a
leather jacket, leather pants, an extra
500 pounds of chrome, and streams
of leather fringe blowing in the
breeze. You're unshaven, tattooed,
full of Budweiser, and ready to kick
butt at the drop of a hat. Life is good.
But can life really be complete if you
don't also own the official 100th
Anniversary Harley-Davidson cell
phone from Motorola (www.motoro
la.com)? Yes, Motorola has intro­
duced two customized vers ions of its
V60i mobile phone, offering a choice
of black-and-Ieather or chrome-on­
chrome designs - both engraved

I----- ---j- - -
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with the Harley 100th anniversary
logo .

In addition to the ability to call
home to let the old lady know you'll be
late for the kids' soccer game, the V60i
allows you to choose from several avail­
able ring tones based on popular road
songs, or even compose or download
othe r tones. Between bar fights, or
while recovering from road rash , you
can also play preloaded video games
or access the Internet for news, weath­
er, and stock ma rket reports.

The phone is available in th ree
wireless technologies: Code Division
Multiple Access (CDMA) , Time
Division Multiple Access (TDMA),
and Global System for Mobile
Communications (GSM). You can
buy one at your local Harley dealer,
who will also help you select a serv­
ice plan from a var iety of wireless
carriers. The price of the phone
depends on the se rvice and options
you select.

There are also unconfirmed
rumors about a set of Harley­
Davidson Tupperware coming out
later this yea r, which would be great
for keeping cupcakes fresh while you
and the gang are terrorizing small
towns.

Industry and the
Profession
PC Industry Doing Okay
After All

D espite the many complaints
from manufacturers and nega­

tive reports in the press, it appears
that the personal computer industry
is doing reasonably well. According
to market resear ch company
Gartner, Inc., there have been three
consecutive quarters of growth in
that segment of the industry.

In the first quarter of 2003 , world­
wide PC shipments totaled 34.5 million
units - a 5.5 increase from the same
period in 2002. Dell was the number
one vendor, with 5,828,400 PCs sold
for a 16.9 percent share of the market.
Second was Hewlett-Packard/Compaq,
with 5,375 ,900 units and a 15.6 per­
cent share. Trailing behind were IBM
(1,869,800, 5.4 percent), Toshiba

(1,241 ,200 , 3.6 percent), NEC
(1,162,700, 3.4 pe rcent), and all
others.

Electrical Engineering Quiz

T o test your knowledge of engi ­
neering history, the following

multiple-choice question is offered.
The woman in the photo is:

1. Wife of Fritz Mandl, Nazi sym­
pathizer and CEO of Hirtenberger
Patronenfabrik, one of the world's
leading mun itions manufacturers in
the 1930s.

2. Hedwig Eva Maria Kiesler, a
US immigrant from Vienna , a Nazi
resistor, and the inventor of a widely
employed "frequency hopping" tech­
nique.

3. The first woman to appear
nude in a featu re film.

4. Thomas Ed ison 's wife,
Gertrude, befo re she started drinking
heavily.

As you probably suspected, it is
a trick question. In fact , choices one
through three are all correct. Better
known as Hedy Lamarr, she worked
with American composer George
Antheil in 1940 to develop her idea for
a technique that would allow radio­
controlled torpedoes to operate free of
enemy disruption.

Based on a system using 88 fre­
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curiosity is killing you, is a Czec h pro­
duction called "EXTASY," made in
1932. It was greatly admired by Benito
Mussolini , who owned a persona l
copy. NY
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quencies (corresponding to the keys on
a piano), they originated the technique
of transmitting information synchro­
nously on constantly changing
frequencies. They were granted a
patent on the concept on August II ,
1942, and immediately offered it to the
US military.
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Electronics Q&A

Michael K. Lenihan
via Internet

Supercapacitors
Upstage Super
Battery

5

Figure I

234
Time Constant

Capacitor Discharge
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~""\ . We have an old self-wind ing sub­
","way or school clock that's pow­
ered by two No.6 dry cells. The price
of these dry cells has climbed to
$20 .00 ea ch , an d they only last about
nine months. The clock rewinds every
hour - a procedure that draws 200
rnA for about 15 to 20 secon ds . We
would like a wall-mounted (plug-in)
DC power supply to replace the bat­
teries, but haven't been able to find
one with a three-volt outp ut. Do they
make such an animal, or do you have
a circuit that will serve the same func­
tion?

A.American Science s Su rplus
(847-647-0011; www.sciplus

.com ) sells two wall-warts that fit your
requirements. Cata log numbers:
3361 5 and 25779.

However ... if you still want to
keep your clock battery-operated, you
can. Thanks to a technology that
packs a whop ping 1 Farad of capaci­
tance (that's not a typo, 1F and not
microfarads (uF)) into a package as
small as a pencil eraser, you can
operate your clock for a full year
using AA alkalin e cells.

555 math skills.

Lots of designs for capacitors

and relays.Two very simple

expanded-scale voltmeters

and a game show buzze r.

More places for hard-to-find

parts, and places to fi nd PCB

software and services. Finally,

a reader demonstrates his

What's Up:

In thi s column, I answer
questions about all aspects
of electronics, including
comput er hardware,
software, circuits, electronic
theory, troubleshooti ng, and
anything else of interest to
th e hobbyist.

Feel free to participate
with your quest ions, as
well as comment s and
suggestions.

You can reach me at:
TJBYERS@aol.com.
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IN758
IO.OV

(800) 635-3355

Expanded-Scale
Voltmeter

Q. lmA
Meter

Circle #41 on the Re ade r Serv ice Card.

Vresistor = Power Supply In - Vzener.

IN758
IO.QV

+V

ing . At this point, the resistor gener­
ates a voltage that's equal to

By placing a voltmeter across the
resistor, it will respond to the range
you wish. A DMM can be substituted
for the analog voltmeter, as shown to
the right .

You may note that the schematic
shows a 10-volt zener and a five-volt
meter. With these values, the meter
will read 10 to 15 volts . I know you
asked for an 11 to 15 volt range, but
this arrangement takes advantage of
the five-volt scale on the analog meter
- and because they don 't make an
l l-volt zener. If you wish , you can
make an l l -volt zener by stacking
zeners of lower value (e .g., 6.2V and
4.7V = 10.9, close enough)

'\ : With dozens of embedded
~#q .~ controllers and countless

'111' configurations, we can help
you turn your imaginat ion into reality.
For a complete look at our product line,
visit our website at www.microm int.com.

MicrDmint
. . ~

www.mlaomlDt.com

Power

Supply In ·v

Figure 3

Power
Supply In .v

Digital I/O

Lab Manual

App lication
Manual

Dan Supplee
Edmonds,W A

Manuals on CD

Standalone Use

High Level Languages

SOSSA Microprocessor

~"'. I have a 13-volt power supply
'(that I use with my mobile trans­
ce iver and would like to monitor its
output voltage. Is there any way to
make a meter that reads 11 to 15
volts full-scale?

Expanded-Scale
Voltmeter

hours. (Over volta ge
causes the ESR to rise
ra pidly to the po int
where th e cap goes
open.) Use a five-volt
supercap, or two 2.5­
volt super ca ps in
series . Mouser
Electronics (800-346­
6873; www.mouser
.co m ) has a very good
selection of supercaps
at reasonable prices.

A.What you're asking for is an
expanded-scale voltmeter, which

can be created using several meth­
ods. Let me give you two solutions .
The first, Figure 3 upper left, uses a
zener diode in series with a current­
limiting resistor. Th e zene r doesn't
sta rt conducting until the input volt­
age exceeds the zener' s voltage rat-

Circl e #40 on the Re ad er Servi ce Card .

Clock

Analog VO

Self -lnstructio n
Manual

Easy to Use

Primer Trainer Prices Start at $120.00 USD

Compact Rugged Design

Serial Port

Fully Assembled or Kit

Figure 2

IF

+ + + + + +

Supercap Clock

100

+
-=-3V

its original value. For reliable opera­
tion , the voltage shouldn't drop below
80 percent during the rewind period.
That's about one-fourth of the first
time period.

The formula for one time pe riod
is t = RC, where t is the time in sec­
onds, R is the series res istance in
ohms, and C is the capacitance in
Farads. The resistance can be calcu­
lated from R = Ell , whe re E is th ree
volts and I is 200 rnA (15 ohms). Now
we know that the time it ta kes to
rewind is 20 seconds and the resist­
ance is 15 ohms, so by rearr anging
the equation to C = t/R , we discover
that the capacitance for the first time
pe riod is 1.33F. Remember, thou gh,
that we have to sustain the voltage for
one-fourth that period, which inc reas­
es the capacitance to 5.3F.
Supercapacitors rated at 1F are easy
to find, and sell for about $5. 00. Six
capacitors in parallel cost less than
your No.6 dry cells - and ta ke up a
whole lot less room! ,---- - - - - - ---- - -------- --- - - - - - - - - - - - - - - -

To charge the capaci­
tors, you 'll need two AA
alkaline batteries wired in
series (Figure 2). A cu r­
rent-limiting res istor pro­
vides isolation from the
cu rrent surge and the ba t­
teries . A 100-ohm resistor
will limit the draw from the
batteries to 30 rnA and
recha rge the capacitors in
about 15 minutes.
Projecting this profile for­
ward, the AA cells should
last about a year before
they need replacing.

One last note - when
buying supercapacitors for
this project, don't be tempt­
ed to use caps rated at 2.5
volts. Supercaps are very
sensitive to overvo ltage,
and the 3.3 volts of fresh
AA cells will render a 2.5­
volt un it useless within
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An other way to create an
expanded-scale voltmeter is by using
two voltage regulators - one nega­
tive and one positive - as shown at
the bottom. By using a split-voltage
reference system with floating out­
put, the zero point equals the
ab so lute sum of the two regulators .
The range is limited by the full-scale
reading of the voltmeter. With the
regulat ors in the figure , a 0 to 5-volt
meter reads 10 to 15 volts ; a 10-volt
meter would read 10 to 20 volts.
Aga in, a DMM is a suitable meter
substitute.

Good-bye Thumper,
Revisited

Q_In the Jun. '0 1 issue, you
a nswe red a question a bout

delaying the turn on of the sub­
woofer to rem ove the thump. On my
bench, this idea just won't work. For
one thing, the time delay is only
about one sec ond. Moreover, the AC
power to my load (a 150W bulb)
shows only ab out half of the line volt­
ag e is availab le - an ' observation
that my scope conf irmed, in that
on e-ha lf of the sinewave is clipped
off. Help! I've put a lot of hours into
th is and have run out of ideas to try.

Terry Peters
via Inte rnet

tor C1 begins to charge through the
relay coil, which causes it to pull in
and open the contacts. You may
not ice that I have a 24-volt relay con­
nected to the rectif ied 110-volt AC
line. Don 't panic! Relays are current
operated - not voltage operated.
That's why there's a 10k series resis­
tor - it limits the current to 12 mA
maximum.

As Cl charges, the current
decreases. When it drops be low 1
mA, the relay drops out and the AC
circuit is completed. Using the values
shown, the delay time is about th ree
seconds. For longer delay times, par­
allel additional capacitors across C1.
The capacitors are garden var iety
photoflash units you can find in dis­
posable flash cameras , like the
Kodak Max and Fuji Flash.

Progressive
Component Video
~",,_ What does the "P" stand for in
","Y/ Pb/Pr? I know Y/ Cb/Cr is
Lum inance /Component
(blue r/Component (red) in the digi­
tal realm, and it uses a "C" for
Component. So why use a "P" for the
analog world?

John Agugliaro, CET
Product Support Specia list

Samsung Elect ronics America, Inc.

against a printed circuit board just
until it is soldered will damage the
resistor or the board? Or should I just
lay the component side of a PCB flat
on my work surface and solder
away? What do you think about
us ing a third-hand type of clamp or
vise?

Bob Cochran
Greenbelt, MD

A _I wouldn't use forceps for fear of
cracking the resistor, and I've

never had much use for a third-hand
clamp. I find them fragile and
unwieldy. I usually solder the resis­
tors in place by simply laying the
board upside down on a flat surface.
First, bend the lead at a 45° angle
and clip it to length, making a sh ort
hook (Figure 5). Flip the board over
an d solder.

For larger projects I use clear
plastic sh rink wrap to hold the parts
in place. You can buy shrink wrap
bags from ebay for about $0.25
each, or find them in most art su pply
sto res . I first stuff the PCB with the
pa rts , s lide it into the plastic bag ,
then sh rink it with a hair dryer. I then
use an Exacto knife to remove areas
of the plastic for soldering.

Printed Circuit
Board Software

• You are quite right. That circuit
only switches half the waveform,

which is sufficien t to power my sub­
woofe r (it uses an off-line switching
power supply). What you 're looking
for is a full-wave switcher, which
would req uire th e add ition of a triac
driver (MC3010) . However, a simpler
design is done usin g a mechanical
relay and a capacitor, as sh own in
Figure 4.

When power is applied, capaci-

Q_Can you recommend software
for creating the artwork to pro­

duce printed circuit boards? I'm look­
ing for something inexpensive
(under $ 100.00 ) and simple to use .

AI Lovecky
via Internet

A. I use CircuitMaker 2000
Professional for the artwork you

see in my column and articles.
Unfor tunately, it sells for a hefty

$995.00. However,
you can download a
decade-old version of
this PCB layout soft­
ware - EasyTrax or
AutoTrax - from our
web site (www.n ut s
volts.com). A more
ambitious freeware
package Eagle Light
Edition , from CadSoft
(w ww .ca d s oft .d e ).
includes both
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PCB- ~.-_ .
~ 1. Insert lead

<'I through PCB hole
I

Lead~ 2. Be!ld lead and
Snip to length

SOld~~ e-lron
-- 3. Apply heat

seee and solder

Figu re 5

Soldering Tip: Use
Shrink Wrap

Q_Do you think us ing locking for­
ceps to hold a resistor flat

_ It means Prog ressive, and
is short for the fu ll

phrase Progressive Component.
The designations are the
same Lum inance/Progressive
(blue)/Progressive (red) .

Digi-Key

Z757
24VDC

IN4004

Time Delay Relay

10k
1/2W

+160uF
novlOOk

Figure 4
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one of the six students has the
qu ickest response to a ques­
tion - like a TV game show
buzzer.

Each of six students is
given a momentary push-but­
ton switch . The first person to
push the button causes a corre­
sponding colored light to come
on , and prevents the other
lights from turning on . It would
be nice if the action also sound­
ed a piezo buzzer. The teacher
has a button to reset the sys­
tem, which is to be powered by
a 12-volt wall-wart.

Carl Kolenda
Troy, MI

A.A safe, reliable way to accom­
plish this is to use DPDT relays

wired according to the diagram in
Figure 6. Notice that the NC (normal­
ly-closed) contacts of the upper bank
are wired in series. This line provides
12-volts to the trigger switches. When
one of these switches is engaged, its
related relay pulls in, which breaks
this line and prevents any other relay
from being energized. The bottom NO
(normally-open) contacts on the acti­
vated relay now close and connect
the relay 's coil to the 12-volt source,
which latches the relay even after the
button is released.

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?

$179

Figure 6

Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
l VC, NASA and thousands
of independent service
technicians.

And The Winner lsi
~"". I need help on a grade school
'(J:eaching project for my friend 's
daughter - a student teacher. The
project is for a 5th grade "learning
quiz." The objective is to see which

board is about $0.20 pe r square inch
($0.03 pe r cm2, to be exact) and
$0.40 pe r square inch for double­
sided , and the re are no size restraints ,
small or large, as long as your design
fits on a 30mm-by-30mm boa rd.
Tooling cost is $10.00 and shipping is
$3.00. At these rates, a three by five­
inch board (single-sided) will cost you
just $16.00.

Inexpensive enough to pay for itself in just
one day's repairs. At $179, it's affordable.

And with a 60 day trial period, satisfaction
guaranteed or money-back policy, the only
thing you can lose is all the time you' re
currently spending on trying to repair all
those dogs you've given up on.

Cap.Analyzer 88A LeakSeeker 82B
Available at your distributor, or call 561-487-6103

Electronic Design Specialists www.eds-inc.com

The Standard for checking
Capacitors in-circuit

Buzzer

Gameshow Buzzer

1N4148

~
~ s~j s~j s~~ s~~ s~j

L1 L2 L3 L4 L5 L6

7 -=- 7 7 -=- --=-
--=- -=- -=- -=-

To L3-----iI!-----.

To L6----.1.----'

To L5----i---.

To L4- ----iI!-- ---.

To L2- ----iI!-- ---.

To L1- - --- ---,

+12V

schematic capture and PCB layout.
All three programs will outp ut to a
printer, the page of which you can use
to produce a PCB using a variety of
techniques - methods that r-- - - - - - - ------- - - - --- - - - - - - - - - - - - - - ­

we have covered in past
issues.

If you 're willing to
accept free "vertical" PCB
software in exchange for a
locked-in PCB service ­
proprieta ry so ftware tha t
forces you to subscribe to a
PCB service (see "Printed
Circu it Board Design /
Proto typing Bas ics," April
2003 ) there is
Exp ressPCB (www.e x
presspcb.com), who will
de liver th ree double-sided
mini-boa rds (3.8-by-2.5
inches, no silk-screen) for
$62.00.

Speaking of PCB serv­
ices , the best deal in town
- if your software can cre-
ate Protei PCB fil es; most
can - is from Futurlec
(www.fu t u rlec.co m) . The
price for a s ingle -sided
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M.P.F.
via Internet

Figure 7

48

Vee

RI

6 Vtriphigh 3
O u

R2 SSS

2 Vt riplow

R3

Cool Web Sitesl
Throughout most of the 20th century,
many radio and electronics companies

enjoyed the status of rolling out what were
recognized as groundbreaking "industry

first" products. How many of these
significant part numbers and designations

can you recognize?
www.chipcenter.com/surveys/

quiz.jhtml

Decimal to Hexadecimal
Conversion Table

This chart converts the numbers 1-255
from decimal to hexadecimal form.

www.jaworski.com/htmlbookl
dec-hex.htm

Hexadecimal Color Codes
A large hexadecimal chart shows the base­
16 codes that represent the red, blue, and

green values in colors for the web.
www.december.com/html/spec/

color.html

Rl = Rtotal - (R3-R2).

Window Comparator

Vtriplower = (lj3Vcc) Rtotal jR3

Vtripupper = (2 j3Vcc) Rtotalj(R2+R3)

For known res istor values, the
threshold points are:

The lj3Vcc and 2j3Vcc come
from the internal res istor divider in
the 555.

I chose my Vcc as nine volts.
This makes the reference voltages
three volts at pin 2 and six volts at pin
6. Also , when testing the circuit I
noticed that the output switched
through the Threshold input cleanly
(pin 6, voltage rising) , but switching
through the Trigger input (pin 2, volt­
age falling) resulted in noise on the
output. A 470pF capacitor on pin 2
solved this problem.

470pF IR3 = (l j3Vcc) Rtotal jVtriplow

R2 = [(2 j3Vcc) Rtota lfVtriphigh] - R3

John Levandowski
Valhalla, NY

~"". I need to buy a Mabuchi motor
"((RF-300S-12350) for a J VC DVD
player. However, no one wants to sell
parts anymore in this throw-away
society. I'd appreciate an y co ntacts
you can supply.

Q. I am looking for a l.5-volt
replacement motor for my wife's

childhood ga me (1970 Voice of the
Mummy). Here is what I found on the
motor - JAPAN Mabuchi Motor PM­
26 . Can you shed an y light on how I
can find a replacement motor?

Ken Edwards
via Internet

Surplus Is Source
For Small Motors

LETTERS
Dear TJ:

Your battery charger solution
us ing the 555 timer was just what I
needed. I was in the middle of
designing a similar circuit with two
comparators and some logic when I
picked up the Mar. '03 issue. It would
be nice , though, to list the design
equations so eve ryone can under­
stand how to calculate the res isto r
values.

Assuming Rl is between Vcc
and pin 6, R2 is between pins 6 and
2, and R3 is between pin 2 and
ground (Fig. 7). The equations are:

• Finding small replacement
otors can be a daunting task.

Fortunate ly, sma ll motors are plenti­
ful on the surplus market. The trick is
finding the right one for your device
- I usually go by the physical size
and electrical rat ings to find a suit­
able substitute. Two good sources
are All Electronics (800-826-5432;
www.allelectronics.com ) and
American Science & Surplus. I
be lieve that a DCM-196 (from All
Electronics) will replace the DVD
motor, and the 28759 (American
Science & Surplus) should work in
your Voice of the Mummy.

To prevent the relay from chatter­
ing , a small capacitor is placed
across the 12-volt source and the
switched line - if the relays chatter or
don't pull in reliably, increase the size
of the 0 .1uF capacitor. Pressing the
reset button removes power to the cir­
cuit and causes the relay t drop out
and restore voltage to the trigger but­
tons. This circuit is easily expanded
or reduced to include any number of
contestants by inserting or removing
relays in the middle of the string.

The game buzzer can be wired
into the circuit using steering diodes,
as shown at the bottom. Basically,
the diodes form an OR gate. When
any of the lamps light , the respective
diode becomes forward biased and
provides power to the buzzer.

Q I have a Heath GC-1197 digital
clock that I really like a lot

because it uses highly-visible incan­
descent bulbs that you can see in
high ambient light - unlike LED dis­
plays. I have had this clock for many
years and got attached to it. However,
the clock chip is defective - Heath
PjN 443-702 - and I cannot find a
replacement for it. I tried look ing in
the SK and NTE manuals with no
luck.

More Heathkit
Sources

M. Sajor
Freehold, NJ

• I get a lot of requests for
Heathkit parts and information. I

published a cross-reference directo-
ry for Heath-to-manufacturer
web site (www.d8apro.com/
heath3.htm) in the May '02 col­
umn, but it appears I need to repeat
it with an update. The part you
request is available from
www.d8apro.comjheathl.htm.
The cost is $45.00 plus shipping. A
good source of Heathkit schematics
is www.circuitarchive.co.uk
/heath.htm, as is the CD "Vintage
Heathkit Schematics on CD!" on
ebay or directly from the seller
(te@usol.com) . The UK web site is
free - the CD is $9.95 plus $3.00
shipping. These and more Heathkit
web sites will be added to the
PARTFIND.TXT file that you can find
on our web site.
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Incredible
Deal! onp;
$169.00. !

SMD RE-WORK SYSTEM w Solder-iro

item# CSI906

Super Economy DMM
1999 counts LCD Display, 1 10 50+
t5mm digitheight $9 99 $7 99 $6 99
lifE DATA 1101.0 •••
Audible Condnuitv "DCVolts: 200ml2V I20V I200V /600V
Rubbe r Boot ' .AC Vnlts: 200/600
Included · DC Current:200ul2m l20m AlIO A

~~IU~s :~i:~~lla3~c~:l90~~~;:KJ20CS; 830

Triple Output Bench Power Supply
_!I!I!!!'!I""!l!!l!!I!!!l!I!lI. with four 3 1/2 digit LCD DIsplays
:.= . ~.".--- Output: o-30VDC x 2@ 2AMPS

& 1ea. fixed output@SVDC
SourceEffect: <0.02% +lmV
Load Effect: <0.01% +5mV

.. Ripple & Noise: <lmVrms
CSI3002D-3..$169.00 Dimensions: 365x 265x 164 mm

(qty 5+...$159.00) InP':J,,~~!t:,~~!~~~~ttrl~%

In Business
Since 1971

SMD RE-WORK SYSTEM w Vacuum

Pick-up tool. Details @ web site!

price per value
I 10 100

$6.95 $5.50 $4.95
stocking standard values from

100 ohms to 25K ohms
details @ web-tronics.corn

Complete Package!
Includes:
*Mini -box c o lor cam built-in omni dir. pre-

w 2.4GHz Tx. amplifiedFETmlc
*2.4GHz 4 CH Rcvr only 1.3" X 1.2" X 3.5"
*Plug in p o w e r 3~0 TV lines, 290,000

supplies (2) pixels
FCC approved

High Tech V id eo system w A u dio
l ncludes TWO BlW Camerev w ."oulld & I.R. ("il:hll'i~-iml) OSf: 5.5" BlH"
.\ toni/v r with Built-In adjus table S ..·;tching(from] 1010 ,\ N: On d !l") L{ twa 60
ft . pre-wired cables. Everything you need 10SI'/ up Q hiJ:h tech video
mOlliwri"g sJ.~/(·m at home, 0lJice,reslauram warehouse or me i1Q5Q baby

monitor: Easilyhooks into "CR/or ~ ;Jt'o

I. :' ; ; Recordi,,!:.al,o iti;m # Dual View
t ... '. Fantastic Prlce ! FREE UPS
; $119 00 ea GROUND

• SH{~ING'

. ($1O~.00 ea. gty 4) DualVie~
view extensive detalls@ web site

~-'----

I CTRL-D
to bookmark

this site

Circuit Specialists Soldering Station
w Ceramic Element & Rapid
Seperate Solder Stand Heat Up!
*with ceramic heating element for more
accurate temp control.

*with temp control knob in F(392 to 896deg)
& C (200-480deg)

*3-con grounded powe r cord/static safe tip
*Seperate hea vy duty iron stand
*replaceable irons/easy disconnect ITEM#
*extra tips etc. shown at web site CSI-STATIO ' }

Hand-Held 3.0GHz Universal Counter
" \0 digit LC D Display with
"High speed 300MHz directcounter wO.lHz Field Strengt

resolution Measurement
"50ohminput for full range IMHz to3.0GHZ' ·- Tiic7iides:

coverage "ex tendable/retractable whip antenna
"Ultra sensitivesynchronousdetector 16 segment "/nternaI 4AA Nicad batt pack
bargraphdisplayofRF signalstrength (600mA H)
"4 selectablegatespeeds "9VDC 500mA wall plu g-in charger
"hold switch locksdisplay .
"lowpower consumption (6 hr nlcadoperat ion)

Extensive Details @ www.web-tronics.com

$99.00 !!
item#
GFP-2400
rugged
Alu m in u m body

Activated Carbon
Filter Pad (replace
helps reduce
harmful fumes
while soldering.

item# ~27 99
CSI486" •

Personal Fume Filter for Soldering t
Naviga e .ne

Cfor More InfoSee www.web-tronics.comJ • EasYto a search Engl item# CSI852A+
InclUdes lIyWorks tant'

Fantastic Wireless That:~sAddedCOns Giltcldt ANTASTI C

Color Camera S 11stit'll4ew
etal e "'S~~dil4l~~t.VALUE! !

J '- . icroProcess
Controlled!

In cludes 4 Nozzles!

Digital Read Out 3Amp Bench Power Supplies

Available in 0-30 volt & 0-50 volt versions

CSI3003 :0-30v/0-3ampl-4 / $89.00 5 + / $85.00 .

CSI5003 :0-50v/0-3amps 1-4/ $99.00 5+ / S95.018-- - - - - -1
Bookmark our WEB Site!Many morePower

Supplies are Available. Look Under Test Equipmen

Protek40,60 & 100 MHzRealtimeScopes

2 Channel AMAZING ~':/':/;':;:is"ed! SCOPE DEALS

Dual Trace VALUE S! includes 1;'C~O:D~e;D~rO~b~e:~5~~~_- igh stability digital read-out bench power supplies
6" Internal Grid 40MHz only $319.00 featuring constant voltage and current outputs. Short-
ALTMAG $399 00 circuit protection and current limiting protection is e=~~
AL...:rRIG 60MHz only • I ~~«~;; .<-C provided. Highlyaccurate LEDaccuracy and stable line

$599 00 . . 0 - lC). r ;,' ... regulation make the 3000 series the perfect choice f
TV Sync 100MHz only • ... -- - 0 .. .. ii.. 6.. I b d I

JUmired TIme Offer) ...., r_ ooc.u_ a an educationa use. N '
Seeall Details.@web-tromcs.com und er TestEquipment Line Regulation: 2x10" +1ma ew • •

LEDAccu racy: Voltage±1 %+2digits Lower Pnces
Current ±1.5% +2 digi ts

Wave Line Noise: ~1 mvrrns
Dimensions: 291mm x 158mmx 136mm



NEW LOW
PRICES

. ,
P ersonal UV E P R OM

E RASE R . ~
ItemV
O-ERASE
$49.95

E rase Up to 4 C hips a t a time
Adjustable Timer..4 to 24 minutes

Visit our web site & view
our extensive offering of new
FLUKE TEST EQ UIPMENT.
Just go to our home page &
selectTEST EQUIPMENT.
We've got great deal s ..

Ne w!
F L UKE C O LO R SCOPES ............~

GREAT 1/4Watt Carbon FilmResistor Deal!
1-199 200 1000
$.07 $.01 $.003

as low as

$3.00 (qty. pnce rea s are or tne
per thousand same value resistor. 200 lot

5% tolerance/bulk packed pricing & 1000 lot pricing
All Standard Values based on ordering in multiples
from I ohm to 10 meg ohm of200 or 1000 of each va lue)

... 2 .\'IP O-Ill\' Bench
~_ Power Supply

~_ LCD Display
~ input voltage: IIOVAC

output: 0-18VDC
Current: 0-2A
Source Effect:<0.02%+lmV
Load ElTect:<O.O I%+5mV
Ripple &Noise: <lmVrms

I 5+ ~
$59.95 $52.95~
item # CSI 18020

"• •

Innovative 5 in 1 DMM
IntegratedSO UN
L1GHT /H UMIDI

HandHeld Di g ital Sto r a ge S c opes SENSO RS
W ith DM M a nd 16 C h Logic A nalyzer(P3 850) /
Fa ctory C lea r a nce••.Incredible Discount! DCVlACVIRES
NOrl1l11/IJ' Soh! for $1/00.00 +!now on])' CAPIFREQ. /TEMP
$299. uO(P3850DMM) & $349. 0u (P3850) RHILIGHT/SO

I 50Ms/Sec . Sample Rate CONTIDIODE
:: Built in DMM CSI 8209

Built in 16 Ch Logic Anal. $49.00
.l '~ RS-2 32 Port & Software More Information (jj)
r Brand New Units! Not Refurbs! www. web-tromcs.ciJfn

I n t e lli g ent A uto-Ranging O M M R F Field St re ngth A na lyzer
Our Most Sophisticated DMM Ever! The3201isa high quality hand-heldRF
___.,. L 4 D' b klit 8000 t Field StrengthAnalyzerwithwideband

, arge . Ig ac I coun receptionrangingfrom 100kHz to
dual display & Analog Bargraph. 2060MHz.The3201is a compact &
RS2J2 I.R. Interface/software/cable lightweight portable analyzer & is a must
4 displav modes. True RMS for~ Techni cians. Ideal for testing,

• . . install ing & maintenance of Mobile
value & Freq. of MI?fl\!ax TelephoneCommsystems, Cellular

ft ,;0"'~~, I values:Temperaturem FIC ; Phones,Cordlessf'hones, paging systems,
relative quantity & error % of cable&~atell i te Vas well asantenna

relati ve value at the same time... installations.Mayalsobe used t~ locate
hiddencameras uslOg Rf'tran smissions

MORE DATA @ WEB SI TE Extensive Tech Details & a Special OlTer
CSI 8203 ..... ...~ At Our Web Site (www.wcb-tronics.com)

SALE! C ir c u it Slfecialists now carries
$129.00 FLUKE FLUKE ' EST EQUIPMENT

1

NEW!!
only
$199.00

luminous
intensity @
20rnA

Intelligent OMM withPC Interface
*Auto-Ranging
*Dual Display
*Confonns to IECI OIO
*3999 counts & 38segment
bar graph display

*DC voltage(autoranging)
*AC voltage (auto ranging)
*Temperature measurement
*Resistance (auto ranging)
*capacitance
*diode testing
*transister check
*audible continuity

-

--~
P C based Digi tal Storage .
Osci lloscope , 200MHz '
5GS/s equiv. sampling
USB interface

10+ 100+
Mega bright Blue 5mm (L7I l3 PBC/G) 1400 $1.95 Sl.50 $1.25
Mega bright Blue 3mll1 (L7104PBCIG) 600 $1.95 $1.50 $1.25
Megabright Wh ite Smm (L7114PWC/G) 600 $2.15 $1.59 $1.35

more technical deta ils @ our we b site under SEMICONDUCTORS

FLASHI NG red 3mm (L36BHD) as low as $.28 ea!

PROGRAMMABLE DC POWER SUPPLY

LEO's/Megabright B lue, W h ite, G REAT PRICE S!

item # CS13 45
Ships with Rubbe "
Boot. RS-232 cab le.
Software Now Only
& Test Leads & $39 95
K-probe •

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

~~~~~~II functions (frequency,period,
\! __ - - _. - total mode & self-check).
ltem# CSI 6100 Also,a 10MHz OSC.OUT.

Freq uency Measure ments: .
CH A, Ran ge 10 to 100Mhz New Lower Prtcel
CHB, Range 100Mhz to 1.3GHz $129 00"
DETAI LS AT OUR • • •
WEB SITE und er TEST EQU\I'I\1ENT

torage OscilloscopeModule
Convert any PC with USB
interface to a high performing
Digital Storage Oscilloscope.
This is a sophisticated PC
based scope adaptor providing
performance compatible to
midlhigh level stand alone
products costing mueh more!Ships
with two probes.
Complete details & software
download @ our web site und er

item# 200DSO$ 8 6 9 . 0 0 test equipment.

*Stores up to 10 se tti ngs for fas t & accurate recall
*Backlit LC D di spl ay manual pdfavailable @
*High Resolution (l mV) web-tronics.com
*PC co m patible (with optiona l RS-232 adaptor module)
*Easy programming w numeric keypad or fast rota ry code switc h
*Power shut down mem~' func tio n
SPECIFICATIONS® web-tronics.com (under test equipment)

BAG afLEDs DEAL 100 LEDs for $1.50 !!
\ Normal brightness leds now available

in RED or GREEN in 3mm or 5mm size.
Your choic e. Each bag of 100 co sts $ 1.50 !

-- (that 's 1.5 cents ea.! ) Each bag contains
100 of the same led .

BAG-RED 5mm $1.50 BAG-GREEN 5mm..$I.50
BAG-RED 3mm $1.50 BAG-GREEN Jmm..$l .50

Visit our website for a complet e listing of our offers. We have over 8,000 electronic item s on lin e @ www, web-tronics.com. PC
based data acquisition. industrial computers, loads of test eq uip me nt, optics, I.C ' s, transistors, di od es, r esisto rs, potentiometers,
motion control products, ca paci to rs,minia t ur e observation ca meras, pan el meters, chemica ls for elect ronics, do it yourself printed
circuit su pp lies for PCb fabrication , educational D.l.Y.kits , cooling fans, heat sh rink, ca ble ties & other wire h andleing it em s, hand
tool s for elect r onics, breadboards, trainers, programmers & mu ch much m ore ! So me Deals yo u wo n 't believe !



The TCS230 sensor moduleset isa
complete color detector, including a
7AOS RGB sensor chip, whiteLEDs,
collimator lens, adapter board, and
connecting cable. It intefaces
easily to any BASIC Stamp
andcan detect/m easure
a huge rangeif colors.
Applications include
color edge-follounng
robots, color sorting,
andcolor matching. TCS230

color sensor; #30054; $79 .00

A smartsensorfOr both humidityandtemperature,
theSensirion SHTX isfactorycalibrated so that
it returns temperaturewith a resolution if 0.01 0

C and relative humidity with a resolution
.q[ 0.03%. The SHTX comesfrom
the factory in a tiny package that
incorporates the analog to digital
interface; all that the BASIC Stamp
has to do is read out the humidity and
temperature values through the two- _

wire digitalserial intetface.

sensinon SHTX Humidity

sensor; #28018; $29.00

BASTe Stamp isa 'fgistnrd tmdemmk if Parallax, TTl£.

Formore infirmation on these sensorsandmany others
visit our"Component Shop" in the Products section if
www.parallax.com. Orderonline 24-hours a day or call
our sales department toll-free at 888-512-1024
(M onday-Friday, 7 a.m.-5 p.m., Pacific Standard Time).

P~l.LA><

o

e

___....._1_ ...
---------

The FlexiForce isa thin-film sensor with linear
output to pressure. The active sensing area is a
0.375" diametercircleat the end if the sensor.
The conductive leads make connection to a
breadboard or through-hole area simple. The
FlexiForce has an ideal output for analog to

digitalconversion - 0 V isnoforce and 4.2 V
is 100 lbs. The RC77ME command

could be used with a LOOJ..{]P table
or calibrationformula to executesome

math tomake the output useful:
r lexrforce se nsor;o # 30056; $13 .00

Circl e #154 on th e Re ader Se rvice Card .

The Memsic 2125 is
a low cost, dual-axis
thermal accelerometer
that is capable if measuring dynamic
acceleration (vibration) and static acceleration
(gravi!y) within a rangeif ±2g: For integration
into existing applications, the Memsic 2125
is electrically compatible with other popular
accelerometers and is ea.ry to interface to the
BASIC Stamp. Great to use iny ournextrobotic,
R/ C airplane oralarm application.
MemSIC 2125 Dual-AXIS

Accelerometer; #280 17;$25.00

CClO . ~-'--.. ~ ~ -:! -

•

~~M ~ ~1- - -
1::"- - ::"-:-'-'-

, ,
sensors.

Ex pand t he capab ili t ies of yo ur next BASIC sta mp" projec t With a sensor f rom parallax . w e
stock an ent ire line of senso rs t hat are compatible w it h the BASIC sta mp rru cr o control ler. FOr
Implement at ion In yo ur projects, th e senso rs requ ire a BASI Csta mp and programming bo ard.


