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IletBurner s CPU Core modules
* with 10/100 Ethernet

Anybody looking for
a pair of aces?

Stack the deck...

using the NetBurner

Network Development Kit to
quickly and easily create your own
applications.

Mod5282 s7s cach / 1000 qty.

Size 26" x 2%
Processor ColdFire 5282
Flash Memory 512K
SDRAM 8MB
Peripherals Address Bus
Data Bus

50 Digital 10

16 Timers

Interrupts

QSPI

3 UARTs

8 A/D Inputs

3 PMW Outputs

12C

CAN Bus

£ 26" x 2"

_ ColdFire 5272
512K to 2MB
8MB
Peripherals Address Bus
Data Bus

28 Digital 10

4 Timers
Interrupts

QSPI

2 UARTs

usB

3 PMW Outputs

etBurner

Networking in 1 Day!

THE FASTEST WAY TO NETWORK ENABLE YOUR DEVICE




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

Quantum 18GB SCSI-3

4 Model No. QM318200TD SCA Drive
4 Formatted Cap: 18.2GB (1KB/Sect.)
4 7,200 RPM, 7.5 mS avg. seek
4 HSC 90-day warranty :

HSC# 19680
$27.50!

4.3 GB SCSI 1/2 HEIGHT
4 ST15150N hard drive
4 21 Hds, 11 Disks, 3,711 Cyl.
4 7,200 RPM, 9.0 mS avg. seek
4 HSC 90-day warranty

HSC# 18412
$14.95!

Hitachi 18GB 1-3
¢ Model No. DK319H-18WC SCA Drive
4 7198RPM, 7.5mS avg. seek
4 Formatted Cap:18.4 (512Byte/pSec.)
4 HSC 90-day warranty

HSC# 19681
$32.50!

7-Bay Tower Case

4 Can handle seven 5/25" drives

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

4 Removable front and side panels p

4 Quantity discounts available!!

4 HSC 90-day warranty

HSC# 80544 $29.50
PCMCIA to ATAPI!

4 Promise ‘Duet Station Traveler Kit'
4 For PC w/Type 2 or 3 PCMCIA slot
4 |d's as a std IDE/ESDI HD controller
4 New, boxed, w/driver/app diskette

4 90-day warranty :

HSC# 19627 $29.50!
PCMCIA Card Reader

4 SSP Argus 2000 ISA-type reader/writer
4 Dual PCMCIA Type I/Il, or one Type Ill
4 DOS/W3.1 driver diskette included

4 Win95/98/NT ready

4 New, w/interface, manua &

& cables %
HSC# 19410 $24.95

Firewire Card!
# Actiontec's Internal PCI 1394 Firewire
4 Capture, edit and email digital videos
4 Interface cable and install CD incl.
4 Compatible with many cameras
4 New, OEM pack
4 HSC 90-day warranty

HSC# 19673
Electronic

Hs Supply

3 Retail/Wholesale Locations:
Main Office - Mail Orders...

$19.95

9.1GB ULTRA SCSI
4 Seagate ST19171WC, 80-pin SCA
4 7200RPM, 4.17mS av. latency
¢ Average seek: 9.5 mS
4 HSC 90-day warranty

HSC# 18753
$19.95!

50 Watt Woofer

# ‘MG Electronics’ Model No. 6020SH
450 Watts RMS, 100 Watts peak

4 40-8000Hz, Free Air: 55Hz

490dB SPL, 8 Ohms, 6.5" dia.

4 20 oz. ceramic magnet

4 New, boxed, w/hole-cutting template
Special!...Two for $19.95!

HSC# 19623 now $12.50!
SCA to SCSI 1 Adptr

4 Converts SCSI1 to SCA wide
4 Standard 4-pin power connector
¢ Jumpers for LED,SYN,DLY,MTF,ID0-3
4 Jumpers & config sheet incl.
4 New,90-day warranty ™
b

w/any SCSI H. Drive

HSC#SCS3700 $12.50!
SmartCard Reader

4 Fits in PCMCIA slot

4 For sensitive files/databases

4 Personal access security system

4 Restricts unauthorized access

4 Comes with 2 cards, diskette, manual
4 New, retail-boxed, 90-day warranty

HSC# 19433 $19.95
Win-based Termipal

¢ WYSE ‘Winterm 2315SE’

4 Virus-proof - high security

4 Easy access to server apps.

4 Up to 32 users/servers, tiny footprint
4 Std. VGA & 10BaseT network conn.
4 Mouse, keyboard & power supply incl!

HSC# 19346 $39.95

POWERWARE 3115 [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 90-day warranty
HSC# 19622 SPECIAL!!...3 FOR $99!

RAID Enclosure

4 6-68-pin SCSI-2 slot cabinets + 2 bays
for power and 1/O (SCSI3)

4 Can be rack mounted, IEC pwr conn.

# Ask abt. SCSI1 & SCA trays available

4 HSC 90-day warranty

HSC# 19704 $29.50!
PCI to SCSI Host

4 DTC '3130B' - Plug ‘n Play adapter

4 SCSI-1, SCSI-2 and Fast SCSI-2

4 50-pin low & high density conn.

4 133mB/s(host bus),10mB/s(sync burst)
4 Multi-platform compatibility

# New, 90-day warranty ™ 9

HSC#19434  $24.95

Pressure Sensor Deal!

4 Motorola MPX4115A sensor + parts!!
4 Sensor alone worth over $15.00!
4 Board was for metabolic test product

4 Tons of parts...LCD display, SMD
switches, connectors, thermistor, LED,
loads of resistors & caps.

4 Great HSC bargain!

HSC# 19654  $4.95!!
VideoWAVE Editor!

4 ‘CommandPost’ console w/pro-features
# Powerful editing, loads of features
4 Edit video like the pros!..
4 Swirl, ripple, fade,
shadows, animations!
4 2 CDs w/tons of templates
4 New, retail boxed, 90-day warranty

HSC# 19656 $24.95!
Since 1963!...

¢ Input: 88 - 142 VAC

+ Output: 420VA/252W
+ Weight: 11.5lbs.

¢ 6.1"Hx 3.4"W x 12.7"D

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

$37.50!!
Video Agile Processor

4 Blonder-Tongue Mod. AP 60-550

4 Move video from one ch. to another

4 VHF to UHF - UHF to VHF, std. 19" mt.
4 Pull-out freq setting charts for dip swxs.
4 Working pulls, 30-day warranty.

HSC# 19640 $49.95!
Hitachi Display

4242mm. W x 69mm. H. display area
4 YIw/Grn 480x128 dot matrix, 0.48 pitch
41000s in stock! Call for gty discounts!

4 HSC 90-day warranty, plastic case incl.
Spec sheet at: www halted.com/online/index.htm

HSC# 19429 $14.95
‘RAID’ Cotroller!

4 ‘Mylex’ Model No. 960P-3

4 Up to 32MB, 36-bit SIMM, (4MB min.)

4 1 to 45 drives as one logical drive

4 Can co-exist with 3 more (180 drives!)
¢ ONLY $19.50 w/ANY SCSI Hard Drive!

HSC# 19427 $29.50!
Multi-Flash Reader!!

4 This CompactFlash reader also reads
MMC/SD, SmartMedia & Memory Sticks!

¢ Three adapters included! _w&

4 Order IDE or USB version

4 Std. 3.5" bay mount!

4 New, w/CD & cables

4 Check the price!!

HSC# 80708 IDE version
HSC# 80709 USB version

$29.50!

Silicon Valley’s Electronic Marketplace

Order Toll-Free: 1-800-4-HALTED(442-5833)
or...ONLINE, AT: www.halted.com

3500 Ryder St. Santa Clara, CA 95051

Santa Clara 1-408-732-1573
Sacramento 1-916-338-2545

Terms: Some quantities limited; all items are subject to prior sale. Minimum order:
$10.00 plus shipping. Orders under $20.00 subject to $2.00 handling fee, in addition
to shipping. All orders shipped by UPS Surface unless otherwise specified. $6.00 UPS
charge added for COD. Visit our website for detailed information on domestic and

international shipping methods.

Rohnert Park 1-707-585-7344
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PROJECTS

44 STAMPS MEET PLAYSTATION

Looking for a cost-effective user
interface for your next BASIC
Stamp project? Give the Sony
Playstation® 2 controllers a try.
by Aaron Dahlen

49 AUTONOMOUSE

This project offers a fun way to make small robotic vehicles
and dispose of those old computer mice you have lying around
at the same time. by Stanley York

54 THE CAT FEEDER

Want to go away for a few days, but can’t because there’s no
one to feed your pets? Well, here’s your ticket to freedom.
by David Ponting

" COLUMNS

AMATEUR ROBOTICS 8
Getting Started in Combat Robots — Part |. Learn what it takes to
get started in this rapidly growing techno-sport.

ELECTRONICS Q&A 92
What’s Up: Lots of designs for capacitors and relays. Two very
simple expanded-scale voltmeters and a game show buzzer. More
places for hard-to-find parts, and places to find PCB software and
services. Finally, a reader demonstrates his 555 math skills.

IN THE TRENCHES 14
For Design Engineers facing real-world problems. This month:
Managing People.

JUST FOR STARTERS 20
Basics for beginners. This month: Working With Resistors.

LASER INSIGHT 80
Put your holograms in motion.

OPEN COMMUNICATION 22

Weird Wireless: Learn about three very different short range
wireless techniques and their applications.

ROBOTICS RESOURCES 78

Sensors for Tilt Measurement.

STAMP APPLICATIONS 28
Color Me Tickled.You'll need extra M&Ms for this month’s color
sensor project.

TECHKNOWLEDGEY 2003 88
Detecting nuclear materials using muons; Mars photos available for
download; Intel breaks 3-GHz level for desktops and workstations;
New machine performs two teraFLOPS; Low-cost handheld GPS
units available; Cell phone for bikers; PC industry doing okay after
all; and an Electrical engineering quiz.
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Building SMT boards may never be | i
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by Bob Rooks
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Look out Satellite TV — Satellite Radio has a lot of great
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What kind of home project has 82 legs, horns, and will never
have all the “bugs* worked out of it? It’s “H-2-Opus” — a
compilation of water, music, lights, microcontrollers, and the
craziest orchestra you've ever seen. by Victor Chaney

DEPARTMENTS

97 Advertiser’s Index 42 NV Bookstore
75 Classified Display Ads 6 Publisher’s Info
18 Electro-Net () Reader Feedback
85 Electronics Showcase 34 Tech Forum

40 New Product News 32 News Bytes

Nuts & Volts (ISSN 1528-9885/CDN Pub Agree#40702530) is published monthly for
$24.95 per year by T & L Publications, Inc., 430 Princeland Court, Corona, CA 92879
PERIODICALS POSTAGE PAID AT CORONA, CA AND AT ADDITIONAL MAILING
OFFICES. POSTMASTER: Send address changes to Nuts & Volts, 430 Princeland Court,
Corona, CA 92879-1300 or Station A, PO. Box 54, Windsor ON N9A 6)5



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 1 had learned. | 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. [ 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, | wonder why they are
called "electron" tubes?
Kevin Kaas
via Internet
Response:
| 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 | have sometimes
compromised theory in order to simplify
the result. | want them to understand the
result without having 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:
| 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 unusual
electronic devices.
Peter Mayeux
via Internet
Dear Nuts & Volts:
Great magazine! Seeing the PIC stuff is
getting me back into electronics.
William Clugston
via Internet
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The World’'s Smallest &
88HC11 Micrecontrolier

« harness the power of the world’s most popular 8-bit
microcontrolier in your own prejects!

- easy-to-use Windows interface for fast loading via
your PC's serial port

« control LEDs, speakers, lights, relays, motors, LCDs,
servos, and much more with your own easy-to-write
programs

« “plug right in” to any solderless breadboard [with
included adapter), so you can try out your ideas fast!
* re-programmable in-circuit thousands of times!

- your program stays inside MicroStamp11™ until you
replace it- even with no power applied!

- runs on standard alkaline or NiCd hatteries for hours,
or use a DC adapter

- liny stamp-size 1.4 inch x 1.0 inch medule

- demo of powerful new KPad visual programming
environment included with Starter Package!

« Starter Packages’ from $49
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* RS232 Docking Module, serial cable, manual, and software disk included in Starter Packages
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Need Power ?
Think Jameco

Just Added: 26 More Pages of Power Products

* 99% In-Stock
Open Frame & Enclosed
- Table-Top & Wall Mount

>-to-DC Converters « Guaranteed Low Prices

* 24/7 Service

Fans, Transformers, etc... ¢ Popular & Hard-to-Fir

T e R Call or Visit Today!
? Mention VIP #NV3

Want more great Jameco products

b 1-800-831-4242
e - e
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and Auto Care. o
Call Today! 5
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mt”et‘lz Robotics

Guest Hosted by Chris Hannold

Understandmg Designing, and Constructing Robots & Robot/c Systems

r Robotics

Getting Started In Combat Robots — Part |

No doubt most of you have
watched at least a couple episodes of
BattleBots 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. | 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, designing, build-
ing, and testing their creations — only
to spend a few minutes in the arena
against their 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 other get ready, 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

"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 goal. You should
choose your own design 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.botleague.
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 their 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,

Figure 2. Article Wedge Design. This is a concept
drawing of the wedge | want to build in the article.The
wheels extend beyond any surface so that the bot
cannot be pinned.You may want to leave the axle long
on the wheel side so that they protrude a few inches
past the wheel. This will insure that the bot cannot be
pinned by laying it over on its side.

and lifters. That also means
you can't strap a shotgun or
plasma cutter to your bot.
Flames are allowed in some
competitions 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

Figure |. Compound & Flat Wedge
Designs. Top of photo shows the compound
wedge design | used on a 220-pound bot
called MiniRip. It is made of steel and is
stationary. Bottom of photo shows the flat
wedge design | used on a 30-pound bot
called Dagoth. It is made of polycarbonate
and is hinged so that it can be effective if the
bot is flipped upside down.

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 safety 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 area and never turn on your bot
without a frequency clip.

There are several questions you
JUNE 2003




Amateur Robotics

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 couple 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 comes 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 designs 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 weapons. | 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 can get down to the “nuts and
volts” of the bot itself.

You have to have a way to control
the little beast. My preference is to slap
a PIC controller 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, [ 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

Figure 3. Airtronics Pistol Grip
Remote. A very simple, two-channel 75MHz
radio for use on land and water vehicles only.
Customarily, the wheel is used to steer and
the trigger is used as a throttle. A model air-
plane elevon mixer is required to accomplish
this task in a tank drive system. Purchased at
www.towerhobbies.com.

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.

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

Figure 4. Ohmark brand elevon mixer.
This mixer has two inputs and two outputs. It
plugs in directly between the receiver and the
speed controllers and mixes the signals to

achieve a smooth tank drive system with a
pistol grip radio. More expensive computer-
ized radios will have this function built in.
Purchased at www.planes-wings-things.com.
Part# MK .0. (Planes,Wings & Things is going

out of business. Yol can get mixers at
www.robotlogic.com.)

CONTROL
YOUR

WORLD

With the

Dios Ultra

-Self contained / Built-in Engine
+300,000 lines of basic code per second
‘ +Visual Basic Type Language
+1500 Bytes of Ram
-Libraries with local and global variables
*Floating Point and String Variables
| +Inline Assembly
| I2c,1Wire,SPI
| +Interrupts / Arrays
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\ Several Form Factors and Options
Available

Starting at $16.95

Integrated Development

Environment
For use with both DLC and Dios Ulfra

‘Free No Chargs

m ‘Integrated Help
+Error Tracking

*Conversion Utility

+Debug Terminal

- +Utility Terminal
*Include Files

-File Templates

:Library Manager

© CPIO

-Inpuf or Ou‘rpu'r
*PWM on each port
+Serial Interface.

+Serial Interface
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+*Online Store
*Information
-Software
*Projects

*PC Boards
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Figure 6. Childs Car Motors. Shows the
pentagon-shaped fitting of the motor housing. This
shape is what turns when electricity is supplied to
the motor.The white, nylon part is stationary at all
times. A special hub and axle assembly is required
to mount the wheels. Purchased at www.allelec
tronics.com, CAT# DCM-192. (All Electronics is
currently out of stock, but these motors can be

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

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

found in surplus warehouses and yard sales.)

tion you want. Tank steering is most
easily accomplished 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
steering. This means | have to use a
device to combine the control chan-
nels so that they work with the tank
steering design. 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

these batteries 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 battery 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 BEC. 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. Capacitors will help with RFL
Some builders install a single capaci-
tor across the brushes of each motor
in the bot. Other builders install two
more caps — one from each brush to
the motor housing. Start with caps

between 0.1uF and 0.01uF. Be

/

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.

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 require-
ments. Since this is a small, light bot,
| decided to use a six-volt motor and
gearbox from a child's power car. You
can pick these up for $6.50 each at
AllElectronics.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 spin at the same rate.
Sixty RPM is slow for a combat bot,
even with very large wheels. | plan to
run the motors at 8.4 volts instead of
six. This will increase the speed of the
output 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, | started to figure out what
wheels | needed to reach a target top

|
| Convert ft/sec to in/min

4y | 605 | 121
\ 1;e¢| 1min I 1ﬂ’

Find circumference of wheel

C = Speed _ 2880
RPM ~ 120

Find diameter of wheel

Figure 5. Motor Capacitors. Shows a single
capacitor connected between the brushes of the
motor to help suppress electrical noise. You can
connect one capacitor from each brush to the

motor housing if you cor
erratic control over the
between 0.luF and 0.0luF.

nue to experience
ot. Start with caps

for Wheels. Shows
ciding on a proper

= 2880 inmin

24 inches

D = C/'l'r =24/3.14 = 7.64inches

motors.

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
driver lose control and
‘ tear something up.
Ordinarily, | 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
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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.

Sum

So far, I've only been able to hit a little detail of what is
to come in the following articles. I've talked about the sport
— if you call it that — of combat robotics, if you call them
robots. It doesn't matter to me, really. I'm having fun and |
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. ['ll tell you about all the different speed con-
trollers available today. We'll also pick some materials and
start putting the frame together. NV

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-Hill in August
2002 — Combat Robots Complete —ISBN 0-07-140888-6; Will be
published by McGraw-Hill 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 pics and video at www.ncrsf.com.

QUICK and PAINLESS

Programmable Robotics!

Have Your Robot
Walk AND Chew Gum
AT THE SAME TIME!

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!

Blue Bell Design Inc.

www.bluebelldesign.com

Circle #140 on the RS Card.

TRANSISTORS
Q)

LINEARSYSTEMS

Second Source Replacments

for Interfet, Motorola
National, Siliconix

‘ ¢ Custom Screening

\ + Die, SMT, Thru-Hole

[LINEAR_SYSTEMS

Full Service U.S. Manufacturer

Fremont,

(TEL)510-490-9160
(FAX)510-353-0261
JFETS@LINEARSYSTEMS.COM
WWW.LINEARSYSTEMS.COM

Circle #138 on the RS Card.

RESOURCES
UN-LTD.

SURVEILLANCE OPTICS ELECTRONICS

ORDERS. 800.810.4070
Tech 603.668.2499
fax 603.644.7825

WWW.RESUNLTD4U.COM

White monitor.
Brand new, 90
day warranty.
BNC video in and
loop through
Rugged black
steel case. 1000
line resolution.
You will be

for a real monitor.

(NEW, SECURITY MONITOR
9", HIGH RESOLUTION

Commercial quality, Hi-resolution Black &

amazed at how much better this monitor will
make your video look! There is no substitute

BWMONITOR-9HR......$89%ea.

~

(" SPY BORESCOPE,

* Actually a doctor
would call it a anrithroscopic
borescopes. Super high quality
medical grade. Direct view
eyepiece & standard 90
degree ext. light port. Size:
6.5"L X 7.5mm diam. SS tube
with the objective end optic
angled 30 degrees for easy
viewing of surrounding area.
This can get you in a tight spot!
Reg. price: $800ea.

) BORESCOPE.....$229¢q.)

(NEW, TIME LAPSE VIDEO RECORDER)
New, 4 head, T/L recorder with all the features at
a great price. Up to
960 hourson a
standard T-120
VHS tape. 12
different modes for record &
playback Audio recording in 12H and 24H mode.
30Day memory backup. Easy sefup on- screen
menus. Auto-Repeat recording mode. Serial or
One-shot recording. Time, Date, speed, and
Alarm indicators on screen. IR Remote control
included. These deluxe units are front loading
14"W x 3.5"H x 12.2"D, 110VAC power.
GM960R-VCR...$379%¢a.

A ————

(PULNIX, TMC7 INDUSTRIAL 1/2”,
COLOR CCD CAMERA, with 16mm,
Pentax Lens. For No Compromise
Performance. Specs: 1/2" CCD, 460 Lines re:
768H x 494V Pixels, 2
Lux sens, @f1.4, Auto/
Man AGC, Auto/Man
Shutter: 1/60 to 1/10,000, remote control

via 6 pin connector (not incl.) Auto/Man white
balance, External manual gain & hue adj. Color filter.
12VDC @300mA, Pwr. supply & 16mm f1.4 lens incl.
Std. NTSC video out on BNC. Y/C (S-Video) out on 12
pin connector incl. Compact: 1.6"W x 1.25"H x 5.5"L.
Used, excellent condition, Regular price $600.

TMC-7....$14%eaq. or 2 for $249

NEW, VIDEO MOTION SENSOR.
Connect to any standard video signal and
you've got an
electronic
“watchman* SRR
diligently watching the entire scene. Or any
adjustable sized area within the scene. Such
as a doorway or even a drawer or cabinet. A
state of the art security aid. The unit will close
a contact when it senses a change. Auto or
manual reset. Internal buzzer with volume
control & adj. on time. VCR record and VCR
stop output. (use with time lapse VCR.) TI0VAC
pwr. Adjustable sensitivity. Video loop

selilz

"\ (TINY, HIGH TORQUE, MICRO-MO

DC GEARMOTOR, with 76:1
Gearbox & Magnetic Encoder!
NEW! Coreless DC-Micromotor with
precious metal commutation with a
low inductance, ironless rotor coil.
Efficiency is increased by the
elimination of hysteresis & core (iron)
losses. Extremely light rotor & has
low inertia & no cogging as with
conventional DC motors. Specs:
16mm Diam. x 28.6mm L, 6mm Lx §
1.5mmD shaft. 16ppr, magnetic, 2
chan. encoder. Spur gearbox with
metal gears and ceramic output bearing. Motor
weight is 0.350z. Gearbox weight is 0.140z
Operating voltage: 2-6VDC, NL current: 8-14mA.
Two mtg. screws. A rare find. Don't miss out.

\MICRO-MO-761 $19ea. or 4 for $59 |

('SUPER, f1.8, 10x SURVEILLANCE LENS,
Perfect for long range observation.
New, Fujinon,
1Imm fo
110mm
ZOOM, sid
C-Mount.
Make any
camera @
long range stealth-cam! WOW! Provides 20X on a

(through. VM10....$17%ea.

1/3" CCD camera. A super lens. Reg. price $800
\SPECIAL, 11-110ZM-1....$19%¢a.

J

(NEW 2.4GHz ANTENNAS, PERFECT for LONG RANGE VIDEO or WIRELESS LAN APPLICATIONS. FIVE MODELS AVAILABLE, ACHIEVE PERFORMANCE YOUw
THOUGHT IMPOSSIBLE! FIVE MODELS: TWO OUTDOOR PARABOLIC, A RADOME PROTECTED YAGI, 9db OMNI WEATHERPROOF or TABLE TOP !
Choose from the LARGE, 24dB, 10 deg. beam width or the MEDIUM, 20dB, 13 deg. beam width PARABOLIC DISH g
Ishown far left) each provides an environmentally sealed “N* type male termination attached to a 30" long cable.
Large size is 27" x 30" and weighs 5.3 Ibs, the medium size is 20" x 24" and weighs 3.6 Ibs. Can be either horizontal 8
or vertical polarization. Quasi Log Periodic end fire array feed. Both have a commercial quality, light grey, powder coat 8
finish. California Amplifier P/N's: 130135 & 130120. Omnidirectional types, one is
a "Rubber Duck” style, the surface mount (shown near left) offers a black, 1/4
wave radiator. The overall size is 3.5"H x 2.7 diam. base. A five foot long
RG58-AU cable is terminated with a gold, SMA female connector. The 9db
omni, Proxim P/N 7014-05, (shown near right) is a ridgid tube, 24°L x 1.6" max. diam
Weatherproof, Std. 2" pipe mtg. hardware incl. Female TNC connector. Both omnis are black. A UV stable, polycarbonate, radome protects the
13.9dB YAG!, type PC2415N from Cushcraft. (shown far right) Max. input power is 500 Watts, the 15 element, one piece radiating design is extremely rugged. Size is 26" L, weight is 1 pound. Antenna is
\terminated through a pigtail connector fo a *N" fype female connector. PARABOLIC 24dB..$129, PARABOLIC, 20dB..$99, DESK OMNI..$5ea, 9db OMNI..$6%¢eqa, YAGI..$8%ea. )
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AM-FM BROADCASTERS, CAMERAS, TRANSMITTERS

WSEY HOBBY KITS, AMATEUR RADIO, TOOLS...AND MORE!

Professional FM Stereo Radio Station § am/rm

v Synthesized 88-108 MHz with no drift SUPER
v Built-in mixer - 2 line inputs, 1 mic input SALE!
v Line level monitor output

v High power version available for export use

The all new design of our very E&pular FM100! Designed new

from the ground up, including SMT technology for the best per-

formance ever! Frequency synthesized PLL assures drift-free opera-

tion with simple front panel frequency selection. Built-in audio mixer
features LED bargraph meters to make setting audio a breeze. The kit includes
metal case, whip antenna and built-in 110 volt AC power supply.

FM100B Super-Pro FM Stereo Radio Station Kit
FM100BEX 1 Watt, Export Version, Kit
FM100BWT 1 Watt, Export Version, Wired & Tested

Professional 40 Watt Power Amplifier

v Frequency range 87.5 to 108 MHz
v Variable 1 to 40 watt power output
v Selectable 1W or 5W drive

At last, the number one requested new product is here! The

PA100 is a professional quality FM power amplifier with 30-40

watts output that has variable drive capabilities. With a mere one

watt drive you can boost your output up to 40 watts! And this is

continuously variable throughout the full range! If you are currently using an FM

transmitter that provides more than one watt RF output, no problem! The drive input is selectable

for one or five watts to achieve the full rated output! Features a multifunction LED display to show you output
power, input drive, VSWR, temperature, and fault conditions. The built-in microprocessor provides AUTOMATIC
protection for VSWR, over-drive, and over-temperature. The built-in fan provides a cool 24/7 continuous duty
cycle to keep your station on the air!

PA100 40 Watt FM Power Amplifier, Assembled & Tested

AM/FM
SUPER
SALE!

Need professional 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 easy frequency programming with-

out the need for look-up tables or complicated formulas! The transmit fre-

quency is easily set using DIP switches; no need for tuning coils or "tweak-

ing" to work with today's 'digital' receivers. Frequenc.x drift is a thing of the

past with PLL control making your signal rock solid all the time - just like

commercial stations. Kit comes complete with case set, whip antenna, 120 VAC power adapter, 1/8" Stereo to
RCA patch cable, and easy assembly instructions - you’lf be on the air in just an evening!

FM25B Professional Synthesized FM Stereo Transmitter Kit

Tunable FM Stereo Transmitter AM/FM

v Tunable throughout the FM band, 88-108 MHz SUp E’f
v Settable rre-emphasis 50 or 75 pSec for worldwide operation SALE!
v Line level inputs with RCA connectors

The FM10A has plenty of power and our manual goes into great detail out-
IininF all the aspects of antennas, transmitting range and the FCC rules and
regulations. Runs on internal 9V battery, external power from 5 to 15 VDC,
or an optional 120 VAC adapter is also available.

FMI10A Tunable FM Stereo Transmitter Kit
CFM Matching Case & Knob Set for FM10A
FMAC 110VAC Power Supply for FM10A

Professional Synthesized AM Transmitter

v Fully frequency synthesized, no frequency drift!
v Ideal for schools
v Microprocessor controlled

Run your own radio station! The AM25 operates anywhere within the stan-

dard AM broadcast band, and is easily set to any clear channel in your area. It

is widely used by schools - standard output is 100 mW, with range up to s mile,

but is jumper settable for higr}:er ouﬂ)ut where reﬁulatlons allow. Broadcast frequen-

cy is easily set with dip-switches and is stable without drifting. The transmitter accepts

line level input from CD players, tape decks, etc. Includes matching case & knob set and AC power suppiy:

AM25 Professional Synthesized AM Transmitter Kit $89.95 $9905

Tunable AM Transmitter AM/FM
SUPER

v Tunes the entire 550-1600 KHz AM band SALE!
v 100 mW output, operates on 9-12 VDC &
¢ Line level input with RCA connectors

Anﬁreat first kit, and a really neat AM transmitter! Tunable throughout the entire
AM broadcast band. 100 mW output for great range! One of the most popular
kits for schools and scouts!

AM1 Tunable AM Radio Transmitter Kit

CAM Matching Case & Knob Set for AM10

AC125 110VAC Power Supply for AM1

$329.95 $34995
$399.95 $42995

$549.95 $599105

Synthesized Stereo FM Transmitter

v Fully synthesized 88-108 MHz for no drift
v Line level inputs and outputs
v All new design, using SMT technology

$119.95 $1395

Circle #30 on the Reader Service Card.

$259.95 $26995 |

Mini-Kits...
Fast, Easy, FUN!/

Tickle-Stick

The kit has a pulsing 80 volt

tickle output and a mischie-

vous blin inE LED. And who

can resist a blinking light! Great

fun for your desk, “Hey, I told you not to touch!”
Runs on 3-6 VDC

TS4 Tickle Stick Kit

Super Snoop Amplifier

Super sensitive amplifier that will
pick up a pin drop at 15 feet! Full

2 watts out%ut. Makes a great “bi
ear” microphone. Runs on 6-15 VDC

BN9 Super Snoop Amp Kit

Dripping Faucet N
Produces a very pleasant, but
obnoxious, repetitive “plink, plink”
sound! Learn how a simple transistor

oscillator and a 555 timer can make such
a sound! Runs on 4-9 VDC.

EDF1 Dripping Faucet Kit

Our #1 Mini-Kit for 31 years! .-
Alternately flashed two jumbo red e
LED's. Great for signs, name badges,

model railroading, and more. Runs on 3-15 VDC.

BL1 LED Blinky Kit $7.95

Touch Tone Decoder

StraprabIe to detect any single

DTMF digit. Provides a closure to 4
ground up to 20mA. Connectto =258
any speaker, detector or even a phone
line. Runs on 5 VDC.

17 DTMF Decoder Kit

Electronic Siren

Produces the upward and down-
ward wail of a police siren.
Produces 5W output, and will drive
any speaker! Runs on 6-12 VDC.

SM3 Electronic Siren Kit

Universal Timer

Build anything from a time delay

to an audio oscillator using the
versatile 555 timer chip! Comes

with lots of application ideas. Runs on
5-15 VDC.

UT5 Universal Timer Kit

VYoice Switch

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 VDC and drives a 100 mA load.

VS1 Voice Switch Kit $9.95

Tone Encoder/Decoder i Ia

Encodes OR decodes any tone 40

Hz to 5KHz! Add a smalY cap and it

will go as low as 10 Hz! Tunable with

a precision 20 turn pot. Runs on 5-12 VDC and
will drive any load up to 100 mA.

TD1 Encoder/Decoder Kit $9.95
RF Preamplifier - &4
Super broadband preamp from ~ ~%&&

100 KHz to 1000 MHz! Gain is
reater than 20dB while noise is less
than 4dB! 50-75 ohm input. Runs on 12-15 VDC.

SA7 RF Preamp Kit $19.95

Touch Switch M*}
Touch on, touch off, or momentary "« § 2

touch hold, your choice! Uses CMOS
technology. Runs on 6-12 VDC and drives any
load up to 100 mA.

TS1 Touch Switch Kit $9.95




Hobby Kits
Build It, Learn It, Achieve it, ENJOY IT!

Electrocardiogram Heart Monitor

v Visible & audible display of your heart rhythm
v Re-usable sensors included!

v Monitor outrut for your scope

v Simple & safe 9V battery operation

i1Enjoy learning about
_| the inner workings of the

{ i...i.{|1heart while at the same time cov-
M W) =M ering the stage-by-stage electronic

{ circuit theory used in the kit to moni-

= —tor it. The three probe wire pick-ups ¥58
allow for easy application and experimentation without the cumbersome harness
normally associated with ECG monitors. Operates on a standard 9VDC battery.

ECG1 Electrocardiogram Heart Monitor Kit $39.95
CECG Matching Case & Knob Set For ECG1 $14.95
ECGIWT Factory Assembled & Tested ECG1 $89.95
ECGP10 Replacement Reusable Probe Patches, 10 Pack $7.95

lon Generator

v Negative ions with a blast of fresh air!
v Generates 7.5kV DC negative at 400pA
v Steady state DC voltage, not pulsed!

This nifty kit includes a pre-made high voltage ion
enerator potted for your protection, and probably \@

the best one available for the price. It also z
includes a neat experiment called an "ion wind
generator". This generator works great for pollu-
tion removal in small areas (Imagine after

8l Grandpa gets done in the bathroom!), and moves Expires
the air through the filter simply by the force of ion repul- 6/30/03
sion! Learn how modern spacecraft use ions to accelerate through space:
Includes ion power supply, 7 ion wind tubes, and mounting hardware for the ion
wind generator. Runs on 12 VDC.

1G7 lon Generator Kit
AC125

$54.95 $6405
110VAC Power Supply $9.95

Plasma Generator

v Generate 2" sparks to a handheld screwdriver!
v Light fluorescent tubes without wires! -
v 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 performing lots of

high voltage experiments. It can also be used

for powering other experiments; let your imagination
be your guide! The high voltage at tpe 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 5-24VDC so the output voltage can be direct-
ly adjusted.

PG13 Plasma Generator Kit
PS12 14VAC Output 110VAC Power Supply

High Power LED Strobe I..lgh 5

v No more HV or Xenon strobe tubes!
v Super Bright LED’s - won’t burn out!
v Audio triggered or variable flash rate!

$64.95
$19.95

A 3x3 array of super 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 Rgi audio input con-

nector. Built-in low and high pass filters allow you to select either

base or treble music triggering! An external trigger in/out connector lets you con-
nect multiple units togetﬁer for simultaneous fFash. 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!

LEDS1 High Power LED Strobe Light Kit
CLEDS Matching Case & Knob Set For LEDS1
AC125 110VAC Power Supply

Tri-Field Sci Fi Meter ,Vﬁfl.
v SEE RF, electric, and magnetic fields! A &

v Watch the magnetic field of the earth!
v Sense different magnetic poles!
v Detect RF transmitter fields!

$39.95
$14.95
$9.95

g

This really neat project actually senses and detects magnet-
ic fields, RF fields, and electric fields! The TFM3 has three
separate field sensors that are user selectable to provide a ‘:?«
really cool readout on two Sci-Fi st?lled LED bargraphs! Utilizin

the latest technology, includin§ Hall Effect sensors, you can wa

around your house and actually "SEE" these fields around you! Also detect radia-
tion from monitors, TV's, electrical discharge, and RF emissions. You will have fun
finding these fields and at the same time [earn the technology behind them.
Runs on 6VDC (4 AA batteries, not included). Live long and prosper!
TFM3 Tri-Field Meter Kit

$39.95

v Learn and build!
v 130, 300 & 500 In One!
v Super comprehensive training manuals!

Whether you want to learn the basics of electricity, the theory of electronics, or
advanced digital technology, our lab kits are for you! Starting with our PL130, we
give you 130 different electronic projects, together with a comprehensive 162
page learning manual. A great start for the kids...young and old! Step up to our
PL300, which gives you 300 separate electronic projects along with 165 page
learning and theory manual. The PL300 walks you through the learning phase of
digital electronics. " If you're looking for the ultimate lab kit, check out our PL500.
Includes a whopping 500 separate prgjects, a 152 page starter course manual, a
78 page advanced course manual, and a 140 page programming course manual!
The PL500 covers everything from the basics to digital programming! Learn
about electronics and digital technology the fun way...and build yourself some
neat projects!

PL130 130 In One Learning Lab Kit
PL300 300 In One Advanced Learning Lab Kit
PL500 500 In One Super Learning Lab Kit

RF Wireless Data Modules

$39.95

TX Data Transmitter

RXD Receiver/Decoder

TXEA Transmitter/Encoder

v 433 MHz or 916 MHz data transmission Now you can build those spe-
v Factory assembled and tested! cial remote control projects in
v Encoder/Decoder models for security issues! a flash, and have the ultimate

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 RF link boards are
perfect for any wireless application- sending data, car alarms, door openers, home
security, electronic monitoring...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 shorter antennas (3 inches) and are better in
high RF environments, while the 433 units have better 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 pin-outs for easy
integration into your equipment!

RXD433A 433 MHz Receiver/Decoder Module w/Dip Switch
TXE433A 433 MHz Transmitter/Encoder Module w/Dip Switch
RXD433 433 MHz Receiver/Decoder Module, Assembled
TXE433 433 MHz Transmitter/Encoder Module, Assembled
RX433 433 MHz Data Receiver Module, Assembled

TX433 433 MHz Data Transmitter Module, Assembled
RXD916 916 MHz Receiver/Decoder Module, Assembled
TXE916 916 MHz Transmitter/Encoder Module, Assembled
RX916 916 MHz Data Receiver Module, Assembled

TX916 916 MHz Data Transmitter Module, Assembled

RXDA Receiver/Decoder

$39.95
$37.95
$34.95
$32.95
$29.95
$24.95
$34.95
$32.95
$29.95
$24.95

These are just a few of the hundreds and hundreds of neat
products at Ramsey! Check them out at...

MORE than just friendly on-line ordering!
Clearance 5, Ram: seum, User Forums, Dealer Information, FAQ's, FCC
Info, Kit Build ides, Downloads, Live Weather, Live Webcams, and much more!

<t 800-446-2295
RAMSEY  Where ¢ Buidit

RAMSEY ELECTRONICS, INC. Electronics ¢ Learn It!
793 Canning Parkway Is Always ¢+ Achieve It!

Victor, NY 14564 7 s
(800) 446-2295 + (585) 924-4560  TUN! 4 Enjoy It!

Prices, availability, and specifications are subject to change. Visit www.ramseykits.com for the
latest pricing, specials, terms and conditions.  Copyright 2003 Ramsey Electronics, Inc.
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NUTs & Vours

In ;I'hé Trenches

by Gerard Fonte

The Business of E/eroncs Trogh racticlesig dLssos Leaned

In The Trenches

Managing People

anaging people is something
M 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 change in roles. This can lead
to problems.

The Management
Dilemma

First of all, there is a general
problem that occurs when managing
technical or scientific people. Should
the manager be technically-oriented
or should the manager be business-
oriented?

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

Technical people 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 and defended. So, this person can
often equate any criticism as a per-
sonal attack. Additionally, this per-
son, in a manager role, may not rec-
ognize that emotional issues as well
as logical ones need to be addressed.
People 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
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are important considerations for a
technical manager.

A business manager has differ-
ent problems. Obviously, this 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, arbitrary, and dysfunc-
tional. Finally, this manager must
depend upon 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 people. This man-
ager usually can provide 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 this
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 Principie

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 people, the result is
that "people are promoted to their
level of incompetence."

Companies don't demote people
because that would acknowledge
that the company made mistakes.
That's not good for the company.
Additionally, demotions are generally
worse that being terminated. The
demoted person feels a sense of fail-
ure and clearly no longer has much
likelihood of advancement within the
company.

Finally, companies don't want to
terminate workers that performed
well in the past. That's not good busi-
ness, either. So, because of concerns
for failure, a minority of companies
are reluctant to place engineers into
management roles directly.

Why Engineers Often
Fail as Managers

The first and most significant
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 popularity con-
tests. However, once this is recog-
nized, we all have the ability to learn
and develop these people skills.
Remember, learning is something
nerds do well.

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

Don't micro manage. When
giving assignments, let the person
solve the problem in his own way.
This is often very hard to do. A man-
ager tends to feel that his way is best.
After all, he is the manager! Yet, there
are many ways to solve problems.
And, in the process of problem solv-
ing, learning occurs. If you force
someone to follow your solution, they
will not learn as much, resent your
intrusion, and feel stifled. Conversely,
giving latitude increases -creativity,
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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 they'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, "l need
you to do ..." rather than "l want you
to do ..." This subtle change 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 criticism
from anyone. New ideas are precious
and fragile. 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 criticize 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 upon 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 behav-
ior. Threats of disciplinary action are
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 want increased
responsibility and involvement in
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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 "Japanese" 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 skills 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 person in his
group. One person may require an
"X" style of management. Another,
the "Y" style. Others may need vari-
ous styles at different times or situa-
tions. Yes, this is hard. It takes work to
understand what each individual
worker wants and needs. But that is
what makes a manager good.

Discipline and Anger

When things go wrong, it seems
to be human nature to get angry and
immediately blame someone. This is
the wrong thing 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 board 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 unlikely 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 person
couldn't understand the specifica-
tions. Whatever the reason was, iden-
tify it and learn from it. Make sure
everyone dgets and uses the proper
specifications — have a meeting to be
sure everyone knows them and

supervise that person more closely to
be sure the specifications are 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 say you assign
someone to meet a big client at the
airport — that person leaves early,
goes to a movie, and neglects to meet
the VIP. Clearly, some sort of disci-
pline is reasonable and appropriate.
Exactly what that is depends upon
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 helps any situation. It must be
made clear to that person that his
behavior was unacceptable.

(I recommend the book, The
One 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. 1 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 important 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, everyone will probably
appreciate it.
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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, "l just
want to let everyone know that Bob
did a great job on the widget design
proposal. | 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 day.)

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 every 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.

l NUT$ & Vours

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 things 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.
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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 chip 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.
Everyone 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 together 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.

There is a tendency for some
people to lose their ethical sense of
direction when moving into a man-
agement position. | 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 only 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, | was once asked
to design an aircraft instrument
using a specific design technique
that upper management defined. It
turned out that this method could
not meet the contract specifications
for accuracy. After weeks of memos
and conversations, | 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 provided these days and no
worker was taking more 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 | have found was to move.

A company transfer is often a
reasonable possibility. 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 target. (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.)

Like anything 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 "Management 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 chip. But as a manag-
er, you direct these people as exten-
sions of yourself. And in doing so,
you expand your ability to accom-
plish larger goals.

Yet, you always must remember
to treat these extensions the same
way you treat your hands or your
mind. If you do, you will be a good
manager. MV
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Just For Starters

‘ NUTS & Vours

by George Whitaker

Basics For Beginners

just For Starters

seemaes

here are three values generally
assigned to resistors: resistance,
wattage, and tolerance. The
resistance is determined by their internal
make-up and the wattage is generally
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 resistor
will actually measure somewhere
between 900 and 1,100 ohms.

Carbonfilled resistors are generally
used for smaller wattage applications.
You can get a tremendous range in resist-
ance values in a small package.
However, carbon resistors 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 resistors cannot be used in some
applications because they inherently add
noise to the circuit. In some audio cir-
cuits, or measurement circuits, this noise
is intolerable. However, for this series of

i

"

Ry X R;

Rr= "R, +R,

Working With Resistors

articles, we will be talking garden variety
resistors.

First, let's take a look at resistances
in series. In Figure 1, we have two 600
ohm resistors in series. (The omega
symbol Q stands for the word ohm.)
Each resistor is 600€2 and, in series, they
would add up to 1,200€2. 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 series cir-
cuit is the same at any point in the cir-
cuit, and voltage times current equals
your wattage. We'll have more on
wattage in a later column.

Now in Figure 2, we see two 6002
resistances in parallel. Equal resistances
in parallel will evenly divide. Therefore,
our total resistance between point A and
point B would be 300€2. 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 want to under-
stand what effect series or parallel has on
wattage. Anyway, in this circuit, our cur-
rent dissipation is now doubled. These
two one-watt resistors could now handle
the same current as a 300Q, two-watt
resistor. In Figure 3, we have three 600Q
resistors in parallel. The resistance from
point A to point B would measure 200€2.
However, we now have three watts of cur-
rent dissipation. These three one-watt
resistors can take the place of a 200€,
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
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upon how much voltage was to be
dropped across that particular resistor.
Or, in other words, the wattage require-
ment for each resistor in the series would
be dependent upon its value of resist-
ance, and would have to be figured
based on the total voltage applied 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 150Q and the
other is 220Q. The formula shown in
Figure 4 applies only to two unequal
resistances in parallel. The wattage rat-
ing, again, is additive.

Where you have more than two
unequal resistances in parallel, the for-
mula in Figure 5 applies. Here we only
have three unequal resistances. However,
the formula allows for an infinite number.
| Again, the wattage rating would be the
sum of the ratings of all of the resistors.

Next month, we will take a look at
some more of the basic things to help
get a novice experimenter going. ™MV
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Open Communication

by Louis E. Frenze

The Latest in Networking and Wireless Technologies

Open Communication

Three unusual short range wireless
technigues are getting hot.

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
(WLANSs) 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. | bet that you have
not heard of them. They include
magnetic induction wireless, radio
frequency identification (RFID), and
ultra wideband (UWB). Here is a
quick introduction to these interest-
ing short range techniques and their
applications.

Magnetic Induction
Wireless

If you have any background in

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

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 LibertyLink 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 delta (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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MHz) industrial-scientific-medical
(ISM) frequency designated by the
Federal Communications Comm-
ission (FCC) as an unlicensed 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 coil
switch, then fed to a low noise 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 where the original
serial digital signal is recovered. 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 version 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 other
operations through the various inter-
faces. The clocks also generate the
local oscillator signals for the trans-
mitter and 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 time 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 other than
voice by bypassing the CVSD circuits
through the router circuits. The max-
imum raw data rate is 204.8 kHz.

Now, a word about the coil select
switches at the transmitter output
and receiver input. Going back to
transformer theory, you probably
know that maximum signal is
induced into the secondary winding
(receiver) when it is parallel to the
primary winding, or when they are on
JUNE 2003

the same axis. If one winding is at
some angle to the other, the induced
signal is less. In fact, if the primary
and secondary windings are orthogo-
nal, at 90° to one another, little or no
signal is induced. If during a trans-
mission, the receive and transmit
antennas (coils) happen to become
physically-oriented so they are
orthogonal, no transmission takes
place.

The LibertyLink system fixes this
problem by using three coils — each
orthogonal to one another. The coils
are physically 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
signal. The LibertyLink contains cir-
cuitry that automatically selects the
coil with the greatest signal strength.
As it turns out, you only need one
end of the communications link to
have the three 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

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 things, we take them for
granted. But if you start looking
closely, you begin to ask — what
doesn't have 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 pulses. The pulses
form a digital signal that is decoded,
then recognized in an embedded
controller or computer. RFID 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.
It is resonant to the carrier frequency
with the accompanying capacitor.

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

permit you to drive and

do other things while >
talking on the cell
phone. Cable linking the
headset and 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 Bluetooth wireless

13.56 MHz
XTAL

HIH@)

Interrogator or
Reader unit
Power

Oscillator Amplifier

/

A

Low Noise
Amplifier

link. Others use the
LibertyLink. It is a near-

-—

To computer

T

Data recovery
circuits

perfect short range wire-
less solution, as it is sig-
nificantly cheaper than
Bluetooth or any other
wireless technique.

Distance between tag
and reader can be
inches to several feet.
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LibertyLink is also find-
ing its way into other

TN

applications such as
automotive, industrial,
and medical.

Data code
Modulator in
EEPROM

Radio
Frequency

Rectifier
and filter
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identification
(RFID)

RFID is also a kind
of 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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The Aura Communications LibertyLink
magnetic induction wireless chip.

of a transmitter that sends a powerful
radio signal to the tag. The signal
picked up by the tag coil is relatively
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 character-
istic of the resonant coil also gives
the signal a boost. This signal is then
rectified and filtered into a DC volt-
age that powers the internal digital
circuitry.

The unique code stored in the
tag is then transmitted serially back
to the reader. The small signal from
the tag is amplified by a sensitive
receiver in the reader, demodulated,
and the code recovered. The code is
then sent to a computer or embed-
ded controller that recognizes or
stores the code.

A representative RFID product is
the MCRF 355/360 chips from
Microchip Technology, Inc.
(www.microchip.com). The tag
uses an external pick-up coil that is
usually a spiral inductor on a plastic
base on which the chip is mounted.
The operating frequency is 13.56
MHz.

When the interrogator signal
exceeds about four volts peak-to-
peak at the tag, the circuitry is acti-
vated. A voltage multiplier rectifier
converts the RF to pulsating DC,
which is then filtered into a continu-
ous DC by a capacitor. This turns on
the internal circuitry.

A clock running at 70 kHz acti-
vates an EEPROM where the unique
identification code is stored. The
code is 154 bits long. The code is
then sent serially to a MOSFET

24
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switch used as a simple amplitude
shift 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 unit sends the
code to the tag which is then written
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-
quency 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
chips are EM Microelectronic, Philips
Semiconductors, STMicroelectronics,
and Texas Instruments.

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 interrogator as you
zoom through the tollbooth. You
have already prepaid your tolls which
are automatically registered as you
pass through. Another example is
the Mobil/Texaco key ring device
that lets you automatically charge
gasoline. 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
prices have gone down, making
them suitable for many other appli-
cations. They are particularly useful
to manufacturers to track and con-
trol inventory, similar to the way bar
codes are used. RFID tags are used
on the larger, more expensive prod-
ucts. The tags can also be used to
track capital equipment items, pack-
ages being shipped, baggage, and
animals. Other uses include building
access and security and theft pre-
vention in retail stores. Lots of other
applications are in the works as
prices continue to fall.

Both induction wireless and

RFID use magnetic induction for the
wireless link. They are not what you
would call real radio, despite their
wireless 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-

| existent 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
real 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 one cycle of a sinewave, but they
are not. These so-called monocycles
are 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 pulses. The center frequency is
determined by the reciprocal of the
pulse width (t,,).

For example, a 200 pS pulse
width would produce an enter fre-
quency of 1/ t, = 1/200 x 10'2) =5

j 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 binary 0. A form of phase
shift keying can also be used. A bina-
ry 1 has one pulse phase with the
positive going part occurring first
while a binary O 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
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can use spectrum already occupied by other servic- ’
es. Today, spectrum space is severely limited. We

have already used up pretty much all of the available ‘
spectrum, and there are ongoing battles for more fre- |
quencies. Space for more cell phone channels is a |
good example. ‘

With UWB, the signal is spread over such a wide |
range that the signal level is very low. Using low
power spread over a wide bandwidth virtually elimi-
nates interference to any other signal in the band
width. The UWB signal simply appears like low-level
noise to other radios. \

Second, multiple UWB signals can also share the |
same bandwidth because they do not interfere with |
one another. As a result, 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 signal using cross correlation tech-
niques.

A third benefit is that UWB signals are more
immune to multipath effects that plague other high- |
frequency signals. When used indoors, wireless sig-
nals are bounced off walls, ceilings, floors, furniture,
and other obstructions. This produces multiple
reflected signals that arrive at the receiver at different
times. This can cause signal degradation, or fading.
Because UWB signals are short pulses, the effect is mini-
mized, making UWB great for indoor wireless networks.
Other UWB benefits include simple circuitry and
the resulting low cost, inherent security, and low-power
consumption.

UWB is really not new. In fact, it is the oldest form of
wireless in existence. Marconi's first transmitters generat-
ed a UWB signal. Radio signals were produced by creating
a high voltage spark across the gap of a couple of elec-
trodes. The signal fed to the antenna had an extremely
wide bandwidth. The signals were essentially untuned, in

Monocycle

Pulse width - tw

Figure 3. Ultra wideband pulses are called monocycles and
generate a very wide bandwidth or spectrum.The pulses are
modulated by pulse position modulation or phase shift keying.

This pulse may appear
I I earlier or later in time to

designate a binary 0 or 1

Binary 0 l ,

(A) Pulse position modulation
(PPM)

Binary 1

(B) Phase shift keying

that they had no central frequency. Therefore, multiple
spark gap signals did interfere with one another. Receivers
could not distinguish one from another, except perhaps
by their relative strength.

In the 1960s, UWB was rediscovered and considerable
development occurred in the following decades for gov-
ernment and military applications, mainly radar and
secure communications. UWB was not authorized by the
FCC except for such applications. Last year, the FCC final-
ly approved low-power UWB for personal and commercial
applications. UWB is assigned to the frequency range of
3.1 to 10.6 GHz — a 7.5 GHZ band. This unlicensed band
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Figure 4. A commercial UWB chip set called the Trinity by Xtreme Spectrum, Inc.
The interface is usually 10/100 Mbps Ethernet.

is regulated by Part 15 of the FCC rules and regulations.
Anyone can use it for whatever purpose. UWB
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transceivers can use all or just part of it.

The power density is limited to -41 dB/MHz — a power
level lower than even the stray emissions of some TV sets
and computers. The commercial services in this band
are limited. One of these is the 802.11a wireless local
area networks (WLANSs) using the 5 GHz band. With
such low power signals, the range of a UWB signal is
severely limited to no more than 30 meters (about 100
feet) max. That practically eliminates interference.

UWB is just now being developed. Its real value is
that it can achieve very high digital data rates — far faster
than other wireless techniques. Wireless LANs like the
IEEE 802.11g and 802.11a standards have a maximum
data rate of 54 Mbps. With UWB, data rates exceeding
100 Mbps can be achieved. If the range is restricted to
only a few feet, the data rate can be as high as 500 Mbps.
The current goal is 110 Mbps at 10 meters.

Higher rates have shorter ranges and vice versa.
UWB is currently being studied and considered for an
industry standard. The IEEE 802.15.3a personal area
network (PAN) working group is working toward a
standard that will greatly expedite its acceptance and
deployment.

To date, few practical products are available. Only
now are semiconductor manufacturers beginning to

| make chip sets for real applications. One available now
| is the Xtreme Spectrum (www.xtremespectrum.com)

Trinity chip set shown in Figure 4. It is designed to
achieve the 100 Mbps rate at a range of up to 10 meters.
Expected applications are to interconnect consumer
home entertainment equipment — especially video —
which requires very high data rates. UWB will also be
used in cheap, short range radars for automotive appli-
cations. Some other companies making UWB chips
include Philips Semiconductor/General Atomics and

Time Domain. NV
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Designing a PC board is not complicated if you follow the basic rules outlined
in this course. Every lesson is presented in a clear easy-to-understand format
which makes learning this material fun and easy.

Earn a Certificate of Completion in PCB Design from CIE Bookstore when finished,

After completing this
course you’ll be able to: Here's what you'll receive:

* Design PCBs

Course 02-261

* 4 lessons with instructor support Lesson Topics

* Identify and Test Components » Hands-on training lab with » PC Board Layout

* Trace Circuits

soldering iron + Reliable Soldering Techniques

« Solder to Printed Circuirt Boards + CADPACK CD - circuit simulation, » Working with Printed Circuit Boards

* Inspect and Repair Solder Joints design schematics and PCBs

|
i
|
|
]
!
|
|
: instructor assistance and on-line priority grading is included with tuition.
|
|
I
!
|
|
|
|

+ Building a Siren with Flashing Light

(800) 321-21885 or visit www.ciebookstore.com CA, HI & OH residents must add sales tax. $16.95 shipping.

L————————————————_—————————————————————J
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CIE Bookstore: 1776 E. | 7th, Cleveland, OH 441 14 |
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by Jon Williams

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

Stamp Applications

Color Me Tickled

B

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.

} NUTs & Vours

ack in December, | was in
our California office when a
package arrived from a
company called Bueno Systems.
Inside was a bunch of plastic pieces
that [ dutifully assembled into what
turned out to be an M&EM® 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 MEM 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 | have
discussed in this column in the
past. It is a light-to-frequency con-
verter.

The difference is that the
TCS230 uses an array 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 this lets us do is
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"see" a particular primary
color (or overall level if no
filter is selected).

In case you forgot
your high school science
lessons (or you haven't
been through them yet!),
let’s take just a second to
talk about light color theo-
ry. When all the frequen-
cies of visible light are
mixed together, we get
white. The three primary
constituents of white light
are red, green, and blue.

Figure 3

By mixing red, green, and

blue in varying proportions, we can
create any color. A great example
of this RGB color mixing is your tel-
evision. In fact, if you get very close
to the screen, you can actually see
the individual red, green, and blue
pixels that make up each color
point on a TV scan line.

Getting back to the TCS230 ...
it can't actually "see" color — it sim-
ply measures light intensity. What
happens is that a given filter only
allows that particular primary color
to pass through, blocking the oth-
ers. When we select the red filter, for

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 assembilies.

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

example, only red light |
passes through so we
can measure the intensi-
ty of the red light that is
falling onto the TCS230.

Figure |
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It turns out that the
folks at TAOS are also
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read the TCS230 — and we can use fewer pins. Using this
minimal configuration, we need just four Stamp 1/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
are pull-ups on the PCB so the pins that are not connect-
ed actually get pulled high. Of note are pins labeled SO
and S1, which are used to divide the frequency output of
the TCS230. Left unconnected, the output frequency is
not divided.

It's important to point out that in very bright condi-
tions, the output frequency of the TCS230 can exceed
the capabilities of the BS2's COUNT function. In my
experiments in "typical" ambient light, | haven't found
this to be a problem. The sensor PCB does have a cou-
ple of open jumper connections so you can hard-wire the
divider selection if you decide you need to do that, and
don't want to control the divider from the BASIC Stamp.

Okay, let's get to the code and see how we can use
the TCS230 to scan and 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 program that have applicability in
a lot of projects. Okay? Let's go.

Workin' Our Plan

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

1. Calibrate the sensor for white (white balance).
2. Scan and store known color samples.
3. Scan and identify unknown samples.

If you've never operated a video camera, you may
not have come across the term "white balance." What
this is, essentially, 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 various 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 that the resultant levels for
each color when it "sees" white are equalized. What the
scaling factors do is account for the variances in sensitiv-
ity between the constituent color sensors, as well as any
color bias from the illumination source.

How Green Is Green?

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 constituent colors from the TCS230 is very simple.
We select the color filter, turn on the LEDs to illuminate
the target, measure the output using COUNT, then turn
off the LEDs. Here's the code:
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Read Color:
SELECT filter
CASE Red
LOW TcsS2
LOW TcsS3

CASE Green
HIGH TcsS2
HIGH TcsS3

CASE Blue
LOW TcsS2
HIGH TcsS3

CASE ELSE
HIGH TcsS2
LOW TcsS3
ENDSELECT

TcsLeds = IsOn
COUNT TcsFreq,
Tcsheds = IsOff
RETURN
For this routine, we will pass the constituent color
selection in the variable filter. 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 time in this program is 10 milliseconds.
Note that no delay is required between enabling the
LEDs and using 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 color bias.

ScanTime, rawColor

Fractions On The Fly

Beyond the pure "neato" factor of this program, one
of the things I like best is the ability to calculate 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-point math, but we can multiply by a fraction-
al value using the */ (star-slash) and ** (star-star) oper-
ators. We're going 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 can determine the scale factor with simple
math:

factor = target + measurement

Using the numbers 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 straight division and multi-
plication, we can actually rearrange the order a bit to
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make it BASIC Stamp friendly and eliminate the integer-
math truncation of the fractional part:

factor = target x 256 + measurement

What we'd end up with using 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.

White Balance:
filter = Red
GOSUB Read Color
calRed = ScaleMax * 256 / rawColor
filter = Green
GOSUB Read Color
calGrn = ScaleMax * 256 / rawColor
filter = Blue
GOSUB Read Color
calBlu = ScaleMax * 256 / rawColor
RETURN

Easy, huh? And yet, very useful in this and other
projects where we want to scale a [linear] 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:

Read RGB:
filter = Red
GOSUB Read Color
redval = rawColor */ calRed MAX ScaleMax
filter = Green
GOSUB Read Color
grnVal = rawColor */ calGrn MAX ScaleMax
filter = Blue
GOSUB Read Color
bluval = rawColor */ calBlu MAX ScaleMax
RETURN

| added in the MAX functions so that slight varia-
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 are 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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ity control will tell you that you must make sure your
test equipment is calibrated before you can use it. So
let's calibrate our color scanner.

Calibrate Colors:
FOR colldx = 0 TO (NumColors - 1)
DEBUG CLS, "TCS230 Color Calibration: "
GOSUB Print Color
DEBUG CR, CR, "Insert sample. Press a key to scan..."
TcsLeds = IsOn
DEBUGIN inKey
GOSUB Read RGB

eePntr = Colors + (3 * colldx)
WRITE eePntr, redvVal, grnVal, bluVal
NEXT
DEBUG CLS
RETURN

The routine will loop through 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:

TCS230 Color Calibration: Brown
Insert sample. Press a key to scan...

The color name also comes from a DATA table,
and I'll explain that in just a moment. The sensor LEDs
are 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 component) is calculated using 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 | do want
to share a little pointer that can be used to save space
in your programs. The string names are stored with
zero-terminators like this:

" Color Names

CNO DATA "Brown", 0
CN1 DATA "Red", O

CN2 DATA "Orange", 0
CN3 DATA "Yellow", 0
CN4 DATA "Green", 0
CN5 DATA "Blue", 0

CN6 DATA "Wiolet", 0

Okay, here's the code that prints the color names:

Print Color:
LOOKUP colIdx, [CNO, CN1, CN2,

CN3, CN4, CN5, CN6], eePntr

Print String:

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

LOOP

RETURN

THEN EXIT
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What | want to point out is that this 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 print the string. By doing this, we have
a specific routine to print the color name, and a general-
purpose routine that will print any string we point to. By
"stacking" these routines so that the first falls into the
second, we don't have to use GOSUB to call the second
from the first — this 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 values.
Here's the subroutine that handles the search:

Match Color:

colldx = 0
DO WHILE (colldx < NumColors)
rgbIdx = 0

DO WHILE (rgbIdx < 3)
eePntr = Colors + (colIdx * 3) + rgblIdx
READ eePntr, testVal
testVal = ABS(testVal - rgb(rgbIdx))
IF (testVal > ColorThresh) THEN EXIT
rgbIdx = rgbIdx + 1
LOOP
IF (rgbIdx = 3) THEN EXIT
colldx = colldx + 1
LOOP
RETURN

Though not too long, it looks a bit complicated.
Structurally, there are two loops: the outer loop indexes
through the color table, and the inner loop indexes
through the three RGB components. The inner loop
starts by reading the current constituent (R, G, or B) from
the table, then compares it to the constituent of the scan.
An array for the scanned constituents is created using
that aliasing trick | showed you back in April.

redval VAR Byte
grnVal VAR Byte
bluval VAR Byte
rgb VAR redval

By aliasing rgb to redVal, we can access the con-
stituent colors as rgb(0) for red, rgb(1) for green, and
rgb(2) for blue.

The comparison result ends up in testVal. Notice that
we use the ABS operator in case the test value is less
than the constituent we're comparing it to. The idea is
that we're looking for an absolute variance — not just in
one direction — but in both.

If the variance between the test value and the con-
stituent color is greater than that specified by the
ColorThresh constant, the inner loop will be terminated
with EXIT and the 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 value of colldx holds the match color. If we don't find
a match, the outer loop will terminate by itself, and the
value of colldx will be the same as NumColors — indicat-
ing that no match was found.
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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 "tunable" with the ColorThresh constant.
You can make the routine "looser" by increasing the
ColorThresh value, 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 = ",
HE3 redVal, ", ",
PEC3: grnVal, ™, %,
PEE3 bluval, »* v

GOSUB Match Color
IF (colldx < NumColors) 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 target, 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 when running (the "No Match" lines occur
between samples being placed under the sensor). You
can see my set-up in the photo. | used a piece of black
felt to eliminate reflections from the table, and for fun, |
decided to scan MEMs again. M&EMs 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&EMs have a tendency to roll around
too much!

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

www.amazing1.com

Anti Gravity Projects
All new mini 35 kv 1.5
ma adjustable output
power supply with
instructions on making
a simple craft.
GRATK Kt o o o
GRA10 Assembled

$59.95
$99.95

Green Lasers Pointers
with Coliminator

10,000 feet plus - Full 5 mw. Areal
beauty!!
LAPNGRS5 Ready to use...$129.95

30 Inch Spark o>

Tesla Coil
Light weight table top unit

is only 35 Ibs with air
cooled two point spark -
gap. For 110 or 220

operation.
BICAKIKIL =it $899.95
BTC40Assmbld.............. $1199.95

BTC3K Kit 10inch spark .. $349.95

Phaser Pain Field Pistol
Experimental device for
animal control. Variable
and complex output over
130db. Do not point at
people! Higher powered
and rental units available.
PRPAK It e it
PPP10 Assembled.............

$49.95
$79.95

Burning Laser Ray Gun

Uses our sealed
CO, laser tube and
high efficiency
current source to
generate a continous beam capable of
lighting fires over distances. Operates
12 vdc with optional inverter for field or
115vacfor lab use.

LABURN1 Plans.................. $20.00
(all parts available)

Information Unlimited
Box 716, Amherst, NH 03031 USA
Orders: 1-800-221-1705
Fax: 1-603-672-5406
Email: riannini@metro2000.net

Class IV

| computer vision library, Audio Visual

News Bytes

Intel Researchers Teach
Computers to 'Read Lips' to
Improve Accuracy of Speech

Recognition Software

ntel Corporation researchers 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.

Today's speech  recognition
algorithms work well when background
noise is eliminated or a well-tuned
headset is used, but their accuracy
rapidly degrades when applications
have to cope with noisy environments,
such as public places.

Combined with face detection
algorithms from Intel's OpenCV

Speech Recognition (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, enhancing a wide variety
of computer applications in noisy
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

run on mainstream PCs. OpenCV is
designed to increase innovation in this
field by providing source code for a
wide range of computer vision and
imaging functions. 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.

Developers are using OpenCV code
in applications ranging from toys to
industrial manufacturing. The software
includes C source code for all of the
library's functionality and a royalty-free
redistribution license. Information about
AVSR can be found at www.intel.
com/research/mrl/research/avcsr.h
tm. The OpenCV web site is located at
www.intel.com/research/mrl/resear
ch/opency/.

Intel has developed a uniquely
decentralized research model with
more than 70 labs located around the
world. The majority of the AVSR
software team resides at Intel China
Research Center in Beijing, China.
Established in 1998, the center
currently employs more than 40
computer research scientists and
engineers working in research areas
such as computer vision, media,
Bayesian networks, compilers, and
tools.

Additional information about Intel
is available at www.intel.com.

Catalog $2.00

¥

8
32 Circle #111 on the Reader Service Card.

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

Works with
Windows"95 and
above

Low Cost - $49.95

Design circuits
instantly while choos#:

Create and
Analyze Circuits

L o] AIS INSTANTLY <
; , for only $49.95! S

ing from a complete

PLAB\AMP_BIP.WPF

list of active and pas-| f
sive components

Analyze circuits using
built-in test instru-
ments

Circle #112 on the Reader Service Card.

GLOBAL SPECIALTIES
SOFTWARE

1-800-572-1028 « For more information, please visit:
www.globalspecialties.com

Windows®95 is a U.S. registered trademark of Microsoft Corporation.
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Savens

Your Next Project Begins With Basic Micro

Regular Price $154.95

$1

o-use BASIC langu
ATOM interface with ot

ects and classroom use.

module), BasicAtom Super
inted Manual, Software on CD-ROM

Supply

'OM 28-M and BasicATOM 40-M feature:

m Space Analog-to-Digital converter
System RAM Interrupt Capable
of User EEPROM 32 x 32 Bit Math
ions Per Second Floating Point Math
| modules (10-bit) ilt-in In Circuit Debugger

33,000 Plus In:

~ Regular Price $169.95

a $117

28-M but e 1/0. Perfect for i |
need extra I/O without spending a small fo
hardware . Our development kits include e\
need to get started in the world of mici
for a limited time purchase your BasicA’
special pricing.

Includes:
BasicATOM 40-M (40 Pin module), BasicAtom Super
Development Board, Printed Manual, Software on CD-ROM

Serial Cable and Power Supply p ; 3 Wi
*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

JUNE 2003 Circle #61 on the Reader Service Card.

on or off, interface with
Development Kit is perfect

33




Tech Forum

Tech Forum

QUESTIONS

| installed a car tachometer in my
boat and it reads 2,000 RPM higher
than required — no useful reading at
the top end. Is there a circuit that
would correct this problem? Please
reply via JPEG.
#6031 Ken Schultis

via Internet

| 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
charger.

Please keep it simple for a 16-

year old to read. | understand most of
the stuff, but not all yet.
#6032 Ryan
via Internet

| own a 220-volt, 250-amp shop
arc welder of a simple brute force
design. It consists of an AC variable-
core transformer coupled to a large
diode assembly.

What | need is a means of
injecting a high-frequency signal into
the output leads going to the
handheld welding rod. The frequency
and current 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.). | am told this will smooth
the welding process when working
with hard-to-start electrodes — by

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 will be published on a space
available basis if deemed suitable to the
publisher. All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are
made by the publisher The implementation of
any answer printed in this column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

Send all material to Nuts & Volts Magazine, 430
Princeland Court, Corona, CA 92879, OR fax
to (909) 371-3052, OR email to
forum@nutsvolts.com

ANSWER INFO

* Include the question number that appears
directly below the question you are responding
to.

* Payment of $25.00 will be sent 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 notify us otherwise. If
you want your email address printed also,

’ NUTs& Vours

indicate to that effect.

» Comments regarding answers printed in this
column may be printed in the Reader
Feedback section if space allows.

QUESTION INFO

To be considered

All questions should relate to one or more of
the following:

1) 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 will be printed one time
on a space available basis.

*» Questions may be subject to editing.

Helpful Hints

* Be brief but include all pertinent information.
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
throw it away.

* Include your Name, Address, Phone Number,
and Email. Only your name, city, and state will
be published with the question, but we may
need to contact you.
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acting as a pilot arc, so to speak.

Is there a schematic for a home-
brew device as | have described?
Perhaps with hand-wound torroids
and control knobs for frequency and
current?

#6033 Gordon McKittrick
Havre, MT

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

through a frequency drive.

This needs to be an inverse
relationship. As current transformer
voltage increases, the 4-20 mA
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 mA with a change of about six
volts AC in the current transformer.
An operator control pot would be
necessary to fine-tune the circuit
current output.

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

via Internet

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

I'd like to run it on 12 volts from
my truck with a cord to the drill. How
can | 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
the code changes to make this
possible? This would make the
cheapest data logger | have seen.
#6036 Richard Shelley

via Internet

What is the best way to make a
soft power switch for a
microcontroller (i.e. a momentary
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button-press latches 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 looking 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 | 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

Does anyone know of a circuit
diagram to connect an IDE HD/CD to
a parallel printer port?

#6039 via Internet

ANSWERS
[3035 - MAR. 2003]

I have several Ademco burglar
alarms that send signals to central
stations using a digital signal
similar to a modem. [ want to use a
computer and modem to receive
this signal, but don’t know how to
develop handshake signals.

#1 | have been a burglar-alarm
technician for over 25 years, and am
quite familiar with the Ademco line.

The Vista panel can transmit data
in several formats, but they all follow
the same basic protocol:

Handshake, data, repeat data,
and Kkissoff.

The handshake is a two-three
second tone of either 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 (Sescoa/Radionics). The
pulse frequency is 1,900 Hz.

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

Depending on the format (3+1,
4+1, or 4+2), the pulses define a “3”

JUNE 2003

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

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

There are also two forms of
transmissions that use standard
DTMF (Dual Tone Multi-Frequency)
for data. These are faster (three
seconds vs. 15 seconds for
transmission), but one of them
(contact ID) does not allow
customizing of the codes.

Laurence Ray Reville
Cabot,AR

#2 As a former Test Engineer for a
major security manufacturer, | had to
deal with testing digital dialer formats
with panels from the 80’s and 90’s
time period. 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 rudimentary
formats known as 3+1 or 4+2. The "3"
or "4" would be the account number
and the "1" or "2" would be the alarm
code(s). The handshake was simply a
steady tone of 1,400 Hz or 2,300 Hz,

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 being used. Basically, to send
the message 1234-56, the control
would pulse the carrier 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 Kkissoff 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

them, you can't work them.

advanced noise reduction available.

Cat# 70-12
Cat# 70-11

Cat# 70-14

.—-.E_E_= No Compromise Communications

GOT NOISE? i
Get ADSP? - Your Noise Solution

It’s hard to hear the stations you want to work, and if you cant hear

Solution: ADSP? - the affordable noise solution from SGC. ADSP? delivers 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

Noise reduction is essential on today’s crowded bands. With up to 26 dB of
noise reduction and three proprietary band pass filters, ADSP? boards can be
fitted to nearly any transceiver. Or use the ADSP? Speaker with noise reduc-
tion levels selected from a single switch. Of course the legendary SG-2020
transceiver has ADSP?built in. Simple to use - just press the button to select
your desired noise reduction. Adaptive Digital Signal Processing from SGC
is the solution to your noise problem.

Cat#05-04

SGC Inc. 13737 SE 26th St. Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425-746-6384
sge@sgeworld.com www.sgeworld.com
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these formats. If you are intent on \
doing this, | 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 developed a format |
known 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 (
defined). 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 r
want to enable it and work with it.

You might find it helpful to
download the installer's manual for
your Ademco panel (or one close to
it) at www.ademcoint.com/. |
believe the Contact ID codes are ‘
listed in these manuals.

Joseph Ellis |
Valdese, NC r

[3036 - MAR. 2003]
| have a remote control for TV,

VCR, and other equipment made
by Turtle Beach that has the
capability of also controlling X10
products. The setting for X10 is
software controlled and | need |
instructions on how to set the
house code on the remote.

Since it's an X10-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 X10
button.
Press and hold Setup until the
LED lights steady, release.

Use the number buttons to enter
the house code: A=1 ... P=16 used by

your X10 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 function:

Press and
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

release the X10

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 simple way to |

generate or simulate a BPSK or
QPSK signal for students in my
lab? I'd love to be able to show
them the modem constellations

from the modem, but doing so is
proving to be quite difficult.

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 settings that alter the
program to produce the different
packets? | know my old 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 important
details to deal with 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 crude
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 maximum data rate)
achievable on a telephone 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.

Visit www.lynxmotion.com for more information! \

Front Panels?

Tel

www.frontpanelexpress.com

Sxmotion _ =

Fast, Accurate, M
Repeatable
an Rella%le Download the free »Front Panel Designer«
to design your front panels in minutes
-
W g
(7]
= | Control using Completely ‘
5 PC, BS2, Atom, . ’ b Redesigned! | |
> | oamdencer s nies gaing
gqa capable of - hand tools!  Order your front panels o ;
serial comm. No glue or tape " ~ and receive them just in fime }
g “' Tel: 866-512-1024 ‘ [
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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 similarities
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 can 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, N
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Ivex Complete Electronic CAD
for Windows sets the stage for
your next big idea!

All the tools you need together at a special
bundle savings! http://www.ivex. com/ba5|c650

PCB Layout
Web-based Manufacturing

Order Online: Download and
start using it TODAY!

Ivex Complete

Hlectronic CAD Mackage

Ivex Design International, Inc.

P.O. Box 7156
Beaverton, OR 97007 USA

Up to

$4,000
(or more!)

sales®ivex.com
Tel: 503-531-3555
ADV_12
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#2 1) Bandwidth; 2) BandWIDTH; 3)
Did | mention BANDWIDTH?

Back in the 1960s, the
"picturephone" used three extended
bandwidth phone pairs to get the
bandwidth needed for their black &
white image.

Today, digitized images in color are
compressed to get some sort of motion
out of the limited bandwidth. Note that
the new cell phones with cameras 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 hardware adapter
which allows a Mac printer (HP
Deskuwriter 320) to be connected and
used with WIN ME or XP-based laptop
computers?

There are two questions that need
to be answered in order 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 select a good
device/printer driver.

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

do the connection, but [ believe
PhoneNet is discontinued. The second
actually shows pinouts and connections
for achieving the desired result. The
website follows: www.pumpkininc
.com/content/doc/guide/ag-2.pdf.
Even though | found no copywrite on
the document, I feel it is not appropriate
to excerpt from it in this forum.

A third method is to use an
ethernet printserver that supports serial
ports, but | won't go into details, as the
hardware costs could be much more
than the printer is worth.

Finally, once the connection is
made, it becomes probably trial and
error to select an existing device driver
for HP Deskjets and install it. XP and
ME do not support very early Deskjets,
and the newer drivers will not work
correctly on the serial 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 buying
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 where can we
find schematics?

#1 | have found the best source of
tubes at wholesale prices s
International Components Corporation.
1-800-645-9154. In New York, where
you are, call 631-952-9595. As for
schematics, 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 through
their websites, or by phone if you prefer.
| have repaired instrument amplifiers for
years, and was surprised to find out how
few tubes actually need changing. Most
problems center around some kind of
abuse, 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 musical
amplifiers is a breeze!

Robert P. Kramer
Aurora, IL

#2 | repair guitar amplifiers, PA
equipment, and recone speakers for
musicians on the weekends as a hobby
(I mostly recone speakers now). There
are two good books out that | use all
the time with a lot of tube amp

schematics. One is A
Desktop Reference of Hip

LabJack
U12

Available now for only ...

$119 gty 1
($95 qty 10+)

USB Data Acquisition
& Control

* 12-bit analog inputs (8)
* 10-bit analog outputs (2)
* 20 digital /O

* 32-bit counter

* Built-in screw terminals

* Easy-to-use USB

* Everything included

* Use with C, VB, LabVIEW, etc.
* Windows 98SE/ME/2000/XP

info@labjack.com, (303) 942-0228

A: Made in Colorado, USA, by LabJack Corp.

\Nﬁ'ﬁ”&"Vorrs

“ PRIMECELL &

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT
DON'T PITCH EM' - SEND THEM FOR REBUILDING ! - SAVE § §

WE INSTALL NEW NI-CAD OR Ni-MH BATTERIES INTO YOUR CASE. i
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL.
WE FIX WHAT CAN'T BE FOUND. ( OR AFFORDED )
WE PROVIDE QUICK SERVICE. / EXTEND LIFE OF OLDER EQUIPMENT
WE OFFER FREE QUOTES. / FREE RETURN IF QUOTE IS REFUSED.
WE PROPERLY DISPOSE OF YOUR OLD CELLS BY RECYCLING.
WE GIVE YOU A 12 MONTH WARRANTY.
WE WILL BE HERE WHEN YOU NEED US / EST. 1986
WE SAVE YOU ** MONEY ** §558

WE SERVICE RECHARGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS.

RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE

e oo oo

GENERAL ELECTRIC UNIDEN RADIO SHACK
MPD PLS MPA 4850P §34.60 APX650 10501105 $3250 HTX 202404  §$22.50
MPD PLS MPA 4860P §39.60 101010701100  $3250 NEW NiMh HTX pack
MPR MPS MPX 7637777 § 30.50 1120 1200 Series $3250 8.4V 1660mAh § 39.60
MONOGRAM 4506P1/3 § 37.50 BP2500 650mAh § 19.50 KENWOOD
BP205 1600mAh  $2250 pgyeavas  $28.50
com PB7/8/9/13/14/18 $ 34.60
8P2/BP3/BP22 $19.50 KNB6/7/1211415 $ 34.60
BP6/BP23/24 $27.50 PB10/26/26/32 §24.60
NTN 4685 4824 6414 §37.50 :::é,?ﬂ,’",ﬂ;a : 3;::3 CORDLESS D}’j"-‘-iy
NTN 6447 6621 6648 $37.50 Cpyrqomatigs $41680 0 MORE CAPACITY.
NLN 6860 NTN 4327 §39.50 Any brand 7.2V § 21.60
YAESU Any brand 9.6V §29.60
MIDLAND FNB32 4121416 $3295 Anybrand 12.0V § 36.60
70-810 B16 B1S B21 $39.95 FNB1921262738$3295 Anybrand 14.4V $ 39,60
825826832836 B60 $39.95 FNB 101117 263552395 Any brand 18.0V $ 44.50

MAXON SA-1155 1160 §$39.95

MOTOROLA
MX300 HT600 MT1000 STX

See our web pages about rebuilding battery packs used for Land Surveying.

FOR INFORMATION ABOUT YOUR REQUIREMENTS ... CONTACT US:
USE THE EASY INFO. REQUEST PAGE AT http://www.primecell.com
PHONE OR FAX : (814) 623-7000  E-MAIL TO: sales@primecell.com
SEND PACKS FOR FREE QUOTATION BY: UPS, FEDEX, OR US MAIL

BATTERY REBUILD SERVICE

CUNARD ASSOCIATES INC., 9343 US RT 220, Bedford, PA 15522
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Vintage Guitar Amps by
Gerald Weber. And the other
is The Tube Amp Book by
Aspen Pittman.

Peavey Electronics sells a
schematic set with about 400
schematics of their amps and
PA equipment. It paid for itself
a long time ago.

Magicparts.com is a
good place to find parts for

musical electronics (tube,
high-voltage cap, etc.).
You should look into

reconing speakers also. Most
musicians want the original
speaker in their vintage amp.
And they are always blowing
the PA speakers (or send the

speakers to me
jsgaree@adelphiaq.net).

Jon Garee

Newark, OH

JUNE 2003



QUALITY Parts

Compact, rugged, black aluminum flashlight
provides a high-intensity light that can be seen
over a mile. Light is provided by four low-cur-
rent, high-brightness white LEDs, so the batter-
ies last 10 times longer. LED lamps are shock-
resistant and water-resistant and have a long
operating life. Flashlight is 7.5" long x 0.72"
diameter (handle). Includes 3 AA batteries.

CAT# FL-4
$1222.

Power Supply

4 Vde/7 Amp & 3.3 Vdc / 15 Amp

Lambda # PWG0079D.

Input: 100-240 VAC @ 2 Amp.
Qutput: 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# PS-79

$Q50

each

10 for $5.00 each
100 for $3.85 each

10 Compartment
Plastic Storage Box

FAST Shipping
DISCOUNT
Pricin
g Outside the u.s o
Send $3.0¢ posta'ge.
4 LED Flashlight l LED Tester —-I I' Helica!'xenon —

Pocket-size led tester.
Makes it easy to check
functionality, color, bright-
ness and uniformity.

Plug any leaded LED

into one of 12 positions on
the socket strip to test at current
ratings from 2-50ma. The seven
middle positions on the strip are set at 10 mA
allowing comparison of LEDs in those spaces.
Requires 9 v battery (not included). 95

CAT# LT-100 .

|5” X 1” Electroluminescent Strip
Ivory in
off-state.

Glows green :ﬂ lJ

when energized by 120 Vac or inverter. For
backlighting control panels, special-effects
lighting, models etc. Solderable pins extend
0.2" beyond end of panel. CAT# EL-5

$350

each

20 for $3.25 each
100 for $2.50 each

Mini-Vibrating Motor I

Panasonic # KHN6ND1A. Low voltage,
low current miniature vibrating @
motor. Operates 1.1-1.7 vdc @

70 ma. Mounted on the 0.15" long x 0.02"
diameter shaft is an easily removable offset
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 00
| 10 or more $1.75 each | $ ‘each

Transparent hinged plastic bo:
with 10 compartments.
Great for parts storage or
display of small items.
Outside dimensions

7" x 8.4" x 1.25". Friction-lock
lid with dual clasps. Each box individually wrapped

in a cardboard sleeve. CAT # SB-10

$ m Case of 36 for

pr $30.60 (85¢ each)

The Brightest!!!

Super-Ultrabright Red LE

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

NO MINIMUM ORDER - All Orders Can Be Charged to Visa, Mastercard, American Express or Discover *+ Checks and Money Orders Accepted by Mail
Orders Delivered in the State of California must include California State Sales Tax + NO C.O.D + Shipping and Handling $6.00 for the 48 Continental United
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping + Quantities Limited * Prices Subject to change without notice.

6000 mcd. Brighter than our ultrabright
LEDs, this is the brightest 5mm red
LED we've ever sold. Clear in the
off-state. Standard T 1-3/4 package.
CAT # LED-94 3075 65¢ each

7 5 ¢ 100 for 50¢ each
each

1000 for 35¢ each

ORDER TOLL FREE T-800-826-5432

Shop ON-LINE www.allelectronics.com

MAIL ORDERS TO:
| ALL ELECTRONICS CORP.

FAX (818) 781-2653 * INFO (818) 904-0524
E-MAIL allcorp @allcorp.com @

CAT # FLT-8 50
[ 10 for $4.00 each I

Heimann # AHO640EC02 =
0.86” w x 1.3” h x 0.58” excluding leads. S
Outer leads are 1.64” long on 0.58”
centers. Center wire lead.

each

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 approximately
another 0.2" to the length of the cell. The circuit
can be removed. It was designed to provide
spark protection, overcharge protection, filtering
and to identify the charger used with the cell. A
schematic of the circuit and specs for the cell
are available on our website. CAT# BTE-45

$ 50 10 for $5.00 each

“each 200 for $4.00 each

Incredible Price! 12 Vdc 120mm
Cooling Fan w/ Screen

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" entrs). Third
lead is for sensing rotation. Prepped with metal
finger guard. UL, CSA,CUL, CE. Large

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 discharge

curve providing a very stable power

quantity available.
i 90 for $3.00 each
AT P15 450 for $2.25 each
$ 00 990 for $1.50 each
each 1980 for $1.30 each

o\ ‘C.\JER
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[ MANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax YOUR LIST.

JUNE 2003

Circle #52 on the Reader Service Card.

G

9



‘ NUTs & Vours

| in most applications.

New Product News

AX2500 DC MOTOR
CONTROLLER/DRIVER FOR
MOBILE ROBOTS
Roboteq, Inc.,
introduces a

microcomputer-
based dual
b, 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
e mobile  robotic  vehicles
including Automatic Guided Vehicles (AGV), Underwater
Remote Operated Vehicles (ROVs), combat robots
(Battlebots), and robots for exploration, hazardous
material handling, and military and surveillance
applications.

The controller accepts commands from either
standard R/C 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 controller supports a long list of features,
including analog and digital [/Os for accessories and
sensors, battery voltage monitoring, thermal protection,
programmable acceleration, input command watchdog,
and non-volatile 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

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

For more information, contact:

ROBOTEQ, INC.
1601 E. Sharon Dr.
Phoenix, AZ 85022
602-549-7535
Web: www.roboteq.com

Circle #37 on the Reader 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 output 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.

Other 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
PTT/audio and phone line audio tone confirmation of
entered commands. 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:

UDDLE SYSTEMS
Orders 877=-733=4351
Technical info 64 1=-847-3986
Web: www.uddle.com
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SST823,SST824 ULTRA FAST
SURFACE MOUNT ANALOG
SWITCH

u}ear Integrated
ystems is expand-
ing its small signal
discrete portfolio
, with another addi-
tion to its high-
speed DMOS
switch family.

LIS announces
the availability 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 glitching or distortion
than any JFET or multiplexer. Designed for high-
frequency RF operation, the SST823 and SST824 offers
the unique combination of five ohms "ON" resistance,
with a reverse transfer capacitance of 3 pF. The SST823-
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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 signals 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:

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

Circle #38 on the Reader Service Card.

CONTROL VIRTUALLY
ANYTHING FROM YOUR
ECONOMICAL SO8 SMT
ADAPTERS

ellin
Dynamic
Systems, Inc.,
\ introduces our
latest Snap-

i Apart™ SMT
adapter
board, the
P510. The
P510  pro-
vides 140

SO8 adapters on a 5" x 7.6" PCB that eas-
ily snaps apart into individual adapters. The P510
&1 is an economical solution for those and many
~ other projects requiring SO8 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:

BELLIN DYNAMIC SYSTEMS, INC.
211 S. State College Blvd. #319
Anaheim, CA 92806
Tel: 714-630-8024
Fax: 714-630-8025
Email: jsohn@beldynsys.com
Web: www.beldynsys.com

Circle #39 on the Reader Service Card.
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Great selection of...

Transmitters
Receivers
Transceivers
Antenna

RF subassemblies
Radio Modems
Evaluation Kits
Amplifiers

Data encoders
Data decoders

Typical Applications

¢ RF remote control

¢ Data communications
¢ Wireless Audio

¢ RF data acquisition
o Wireless Security
* Robotics

* Remote Sensing

* Remote Monitoring
* Wireless Networking

www.abacom-tech.com

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

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

EPROM Programmers &
UV Erasers
High Quality, Low Cost, Since 1980

UV Erasers From $49.95
Universal Programmers from $249.00

"
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Tel: 303-813-9000
Fax: 303-813-9019

www.eemall.com

LOGICAL

DEVICES, INC.
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NUTs & Vours

Selected Titles for the Electronics Hobbyist and Technician—

The Nuts & Volts Hobbyist Bookstore

Robotics

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

Build Your Own Combat Robot
by Pete Miles / Tom Carrol

Build a powerful and invin-
cible robot for full-blown
competition or just for fun '8
using this 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 locomotion, and read builders'
true stories from the front lines of robot
competition. Whether you're mechanically
minded or not, you'll find this book both
entertaining and informative. $24.99

Robot Builder's Sourcebook
by Gordon McComb New'
Written by Gordon
McComb, author of the
classic Robot Builder’s
Bonanza, one of the most gz
popular 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 — common and uncommon robotics
parts and supplies. In order to provide a
true “robotics goldmine,” this 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 relevant 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

WE ACCEPT VISA, MC, AMEX
Prices do not include shipping
and may be subject to change.

Ask about our 10% subscriber
discount on selected titles.

Combat Robots Complete
by Chris Hannold = new!

Here’s everything you need
to jump into the fascinating [SSEIEAVRKOENES
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
veteran — offers priceless = =
“insider info” covering everything from
step-by-step guidance on constructing your
first combat robot to the lowdown on the
federations that sponsor or guide competi-
tions. $24.95

JunkBots, Bugbots, and Bots on

Wheels: Building Simple Robots With
BEAM Technology New!
by David Hrynkiw / 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
autonomous robots and
gizmos. Get step-by-step instructions from
the Junkbot masters for creating simple
and fun self-guiding robots safely and easily
using common and not-so-common objects
from around the house. Using BEAM tech-
nology, ordinary tools, salvaged electronic
bits, and the occasional dead toy, construct
a solar-powered obstacle-avoiding device, a
mini-sumo-wrestling robot, a motorized
walking robot bug, and more. Grab your
screwdriver and join the robot-building
revolution! $24.99

Junkbots, I
Bughots

Wheels

Building Robot Drive Trains
by Dennis Clark / Michael Owing

This essential title is just mg
Mied Lol i ¢

what robotics hobbyists
Robot vew/

need to build an effective
drive train using inexpen-
sive, off-the-shelf parts.

Leaving heavy-duty “tech Drive Trains
speak” behind, the authors

focus on the actual con- =
cepts and applications nec- 57
essary to build — and e ot Bk St
understand — these critical $24.95

force-conveying systems.

Everything you need to build your

own robot drive train:

*The Basics of Robot Locomotion

* Motor Types: An Overview

* Using DC Motors

* Using RC Servo Motors

* Using Stepper Motors

* Motor Mounting

* Motor Control

* Electronics Interfacing

*Wheels and Treads

* Locomotion for Multipods

* Glossary of Terms/Tables, Formulas

Troubleshooting

Circuit Troubleshooting
Handbook
by John D. Lenk

When it comes to trou- [
bleshooting, no other ‘%ﬁﬁeshooﬁng 5
book even comes close — |Handbook -4
hundreds of circuits are
covered in this exhaustive
handbook. The result is the
most comprehensive and
reliable circuit compendi-
um ever assembled. ;
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 instrumentation. $39.95

Electronics

Encyclopedia of Electronic
Circuits Vol. 7
by Rudy Graf

Designed 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 designs at your fin-
gertips. This collection
includes the latest designs
from industry giants such as Advanced
Micro Devices, Motorola, Teledyne, GE, and
others, as well as your favorite publica-
tions, including Nuts & Volts! $39.95

Understanding Automotive
Electronics Fifth Edition
by William B. Ribbens
This edition of ANDIN
Understanding Automotive [EAVIGIIIVINIS
Electronics covers the most IEASSEUIIE
recent technological
advances in operation and
troubleshooting of electron- |
ic systems and components. |4
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 control. $34.99

Guide To Understanding
Electricity & Electronics
by Randy Slone

For the true beginner,
there's no better introduc-
tion to electricity and elec-
tronics.You'll also find 25
complete projects that
enhance your
electricity/electronics mas-
tery, including 15 new to
this edition, and appendices
packed with commonly used e uauons, sym-
bols, and supply sources. $24.95
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Call 1

-800-783-4624 today! or

order online at www.nutsvolts.com

Microcontrollers

Programming & Customizing the
HCI | Microcontroller
by Tom Fox

Applications bazaar for the
68HCI | microcontroller.
Squeeze every drop of
power out of Motorola’s
wildly popular family of
68HCI | 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
information.
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

MING

AND CUSTOMIZING
PICmicro
MICROCONTROLLERS

PIC Microcontroller Project Book
by John lovine

This project-oriented guide gives you 12
complete projects, including: using transis-
tors to control DC and
AC motors, DTMF phone
number logger and dis-
tinct ring detector and
router ... home automa-
tion using X-10 commu-
nications ... digital oscillo-
scope ... simulations of
fuzzy logic and neural
networks ...and many
other applications. $29.95

“»

Home Entertainment

Build Your Own PC Home
Entertainment System
by Brian Underdahl
Learn to use PC DVD
drives, DVD recorders,
and massive hard drives
to create a home enter-
tainment system that's
comparable to what
you'd enjoy from expen-
sive, individual compo-
nents.Who needs the
movies? Now, you can
achieve stunning audio and top quality
video results through your PC.This book
shows you how to build your own home
entertainment center using an ordinary
PC.Watch and record TV shows and
movies, put your entire CD collection on
your hard drive, and listen to radio stations
from around the world. $24.99
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New!

Programming & Customizing
the 8051 Microcontroller
by Myke Predko
Programming and m
Customizing the 8051 PROGRAMMING
Microcontroller puts you in | Cusimizng
control of the 8051's 8051 MICRAGONTROLLER
architecture and instruc- 5 1
tion set — and even sup-
plies a baker's dozen of
ready-to-build example
applications, programs, and [~ 2
circuits. Best of all, the included CD-ROM
supplies source code for the book's experi-
ments and applications. $39.95

cD Rom
'ncllldad

Programming & Customizing the

BASIC Stamp Computer

by Scott Edwards

This edition moves St
you briskly from
electronic foundations
through BASIC Stamp
"Boot Camps" and an
intelligent traffic signal
simulation to build a
robotic bug with whisker
sensors, a time/tempera-
ture display, and a data-
logging thermometer. $39.95

The Nuts & Volts of BASIC

Stamps Volumes [-3
Nites & Vol ﬂm
lex“\ssm‘o ts oy v '.bf"! Wiz

D Rom
Included

SeB2 s

$49.95

2 volumes

$69.95

all 3 volumes

$29.95
each

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 of BASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 is new and contains

columns 76-92!

High Voltage

Homemade Lightning: Creative
Experiments in Electricity
by RA. Ford

Enter the wide-open fron-
tier of high-voltage elec-
trostatics with this fasci-
nating, 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! $24.95

Computer Hackin

Viruses Revealed ~éW!
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 various types of malicious
software — including Trojan horses, macro
viruses, and worms — and also learn
about virus hoaxes. $39.99

Hacking Exposed: Network Security
Secrets & Solutions, Fourth Edition
by Stuart McClure / Joel Scambray /
New!

George Kurtz
This brand-new edition EZ%
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

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
think and understand the | -
internal and external
pressures that pushed them deeper and
deeper into the hacker underground.
$24.99

Radio & RF

Secrets of RF Circuit Design
Third Edition by Joe Carr

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

o ED
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by Aaron Dahlen

This Month’s

Projects
Playstaation ........ 44
Autonomouse ..... 49
Cat Feeder........ 54
The Fuzzball

Rating System
To find out the level
of difficulty for each

of these projects,
turn to Fuzzball for
the answers.

The scale is from
1-4, with four
Fuzzballs being
the more difficult or
advanced
projects. Just look
for the Fuzzballs in
the opening header.

You’ll also find
information included
with each article on

any special tools
or skills you’ll
need to complete
the project.

Let the
soldering begin!

) NUTs & Vours

Stamps Meet Playstation

Be in "Control” of Your Next BS2 Project

re you looking for a cost-effective
Auser 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 [ will demonstrate how to control a four-
axis robotic arm (Photo 1) with the PS2 con-
troller via a BASIC Stamp.

An Ildea is Born

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

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

' The reader must a) possess knowledge on programming the
' BS2. Additional information and many useful examples are
‘available at www.parallax.com; b) have access to a PC
| capable of programming the BS2; and c) have access to basic
'hand tools to access the Lynxmotion kit. J

tor inverter. Figure 1 shows the timing relationship
between the signals. Notice that all signals are active low.
To start communication, the Attention line is enabled (held
low). Then the "send data command" (HEX 01 and 42) is
sent using the BS2 SHIFTOUT command. The Playstation
controller is then read using the SHIFTIN command.

The Algorithm

The pseudo code algorithm for talking to the PS2 con-
troller is quite simple:

Step 1 - Select the PSX controller by setting Attention low.

Step 2 - Send the start command ($01).

Step 3 - Send the request data command ($42).

Step 4 - Read and discard first byte (this byte indicates if
the controller is in analog mode).

Step 5 - Read two bytes of data for switches.

Step 6 - Read an additional four bytes for joysticks data
(optional).

Step 7 - Set the attention line high.

Step 8 - Done

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

11111111 11111111 128 128 128 128

This tells you that the PSX controller is

Photo I. Complete project — Lynxmotion Lynx 5 control
via Parallax BASIC Stamp with a Sony Playstation controller
used as an input device.

challenging to control. That's when [ remembered the
advertisements in this magazine. | emailed Lynxmotion
and received a quick response with some suggestions on
how to implement this design. | then purchased a Lynx 5
robotic arm kit, a SSC-12 servo controller, and a Next Step
BASIC Stamp carrier board. This is a natural combination
with the BS2/PS2 controller, and it really is a lot of fun to
play with. The kit arrived complete with all parts and full
documentation. | was very impressed by the attention to
detail and precision put into the kit. Part identification was
easy, as each part is clearly pictured in the assembly man-
ual. | will now give a quick introduction to each of the com-
ponents used in this project. Then we will get to the
specifics of interfacing the robotic arm to the BS2.

Lynx 5§ Arm

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

up and running — remember to select ana- ‘
log mode or else the last four numbers will
all read "255." The first 16 binary digits tell
you the status of the individual switches — ‘
they are normally high. Any button that is

DAT

+5VDC
P

+5VDC

Schematic |

CMD
+7.5VDC | O
GND

P3

pushed will output a 0. The next four )

columns indicate the position of the joy- | SVoc
ATTN

sticks. The actual number will vary slight- cLk

99
Id

. . NC
ly, as the joysticks do not always return to ‘ ACK
exact center.

As you run this program, you will
notice one of the peculiarities of the |
Stamp. All leading zeros are suppressed
so the data will sometimes appear to shift |
to the left as the buttons are toggled. ‘
Figure 2 correlates the PS2 button to their
corresponding bit locations. ‘

Lynxmotion

After | had the Playstation-to-BS2 ‘
interface working, | wanted something

2N4400 or Equiv. Po

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

] P1 pis ———> Serial Data

— P to SSC-12
BS2 Carrier
Board D

Q ol

22K

2.2K

g-r[ﬂ——

GND
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trolled by an R/C servomotor. The shoulder joint is com-
posed of two servomotors in parallel for increased torque.
The arm can pivot 180° and can stretch out to about 14
inches. It has the strength to pick up small items. The

ments, it always returned to the same location — give or
take a tenth of an inch.

SSC-12

The Lynxmotion SSC-12 servo controller (Photo 2)
greatly simplifies the software requirements in controlling
the robotic arm. All five of the servos are connected to the

ATTN l

shoulder, elbow, and wrist) plus grip. Each joint is con- |

mechanism had very good repeatability. In my experi- ;‘

Photo 2. Close-up of the Lynxmotion Lynx 5 robotic arm
and the SSC-12 servo controller.

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

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

SEROUT  Serial output command

15 Output data on pin 15

$4054, 9600 baud, eight-pit no-parity, inverted
(dec 16468)

255 Attention SSC-12

128 Select servo 0, move it to the new
position at a rate equal to 1.27 full range)

128 Set servo to mid position (values range

from 1 to 254)

The greatest benefit that comes from using the SSC-
12 is speed. Since the SSC-12 remembers the servo posi-
tions, there 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-
tions when an appropriate button is activated. This great-
ly increases the time response to the user commands,
making it easier to control the robotic arm.

Be careful when first applying power to the SSC-12.
Physically 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 R/C servos. There is simply no way of phys-
ically knowing where the servo will be when power is first
applied. There are other ways of preventing this start-up
problem. You could, for example, command the servos
to an off-state by sending zeros for position. You could
then command each servo to its rest position. | have not
included this code in the examples and leave it up to your
experimentation.

Next Step Carrier Board

The Next Step board is a solid prototyping board for
the BASIC Stamp. It contains

* Analog mode only.

left joystick halfway up, byte 6 would read 64.

46

into two sections full up yields 128, mid = 128 or 255, down = 255

# The joystick data values vary linearly with position. For example, if you were to push the

% Not all controllers use an eight-bit analog-to-digital converter. There will be seven,

eight-bit steps if you use an inexpensive controller.
Figure 2. Playstation to Bit Location.

B7 Bé6 B5 B4 B3 B2 Bl BO two LEDS, two switches, two
pull-up resistors, and connec-

Byte #I1 Leerl  olctrl Lol Ectrl'- Start: *Rjoy Xljoy = Select tions for up to 16 R/C servos.
L arrow D arrow R arrow U arrow button  button One of the worst problems
Byte #2 Square X (o} Triangle R #I R#2 Ly faced while coding any project
shoulder shoulder shoulder shoulder is loose connections. To solve
this problem, | wire-wrapped
Byte #3 * 4 % Right joystick left / right, 128 = center, 0 = left, 255 = right the carrier board onto a large
Byte #4 * # % Right joystick up / down, 128 = center, 0 = up, 255 = down piece _Of perfboard (Photo 3).
Byte #5 * # % Left joystick left / right, 128 = center, 0 = left, 255 = right To this larger board, | added
Byte #6 * # % Left joystick up / down , values vary from 128 to 255, joystick divided 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 | purchased at a depart-
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Photo 4. Close-up of the Playstation connection.
The +5VDC regulator supplies power to the Playstation
controller and the LCD display.

ment store (Photo 4).

Controlling the Arm

Block Diagram 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 our web-
site (www.nutsvolts.com). Substitution greatly simplifies
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 O button is assigned to move
the base toward the left. Substitution greatly 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 initialization section of this code sets all of the arm
position registers to their mid-range positions. This step is
required so that the position registers agree with the initial
power up positions of the SSC-12 servo controller. As men-
tioned before, be sure to physically place the arm joints to
their mid positions before 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-

Stamps Meet Playstation

B
-

RN R ]

== = sl = S P Az
Photo 3. Lynxmotion BASIC Stamp carrier board and
connection for Playstation controller mounted on perf board.
(LCD display not documented in program examples.)

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,
normal values are 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. This 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 (serial communication with the BS2
is very slow even at 9,600 baud). This code, as written,
also allows for multiple simultaneous arm movements.
There is a noticeable slowdown when two or more servos
are active.

Final Thoughts

The old adage — you get what you pay for — still holds
true. Watch out for cheap controllers. If you are only using
the digital functions, go for the cheap controllers and skip
the rest of this paragraph. But, if you are using the analog

troller.
The read_PS2 controller
code has been trimmed to

Asynchronous
Serial

accept only the inputs of the |
16 buttons. The status of the | Bess Shrvy
buttons is stored in bytes Play Station BS2 Carrier | .|, SSC-12 Shoulder Servo
PS2B1 and PS2B2. The Controller — Board Servo Elbow Servo
: - e
Equates section of .the che is ; Controller Wrist Servo
where each button is assigned | .
to a particular movement of | Grip Servo
the arm. For example, if the | S
, ynchronous
operator depresses  the 1 Serial Lynx5
Playstation O button, bit 5 of |
the PS2B2 will toggle indicat- Block Di I
ing an active switch. P .
The final portion of the BS2 to Lynx 5 Interface.

code tests if any of the PS2
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POLYDROIDS"

Servo Driven Camera Mounts
3-Wheel Bases With Domes
Powerful Treaded Bases

Autonomous Robot Kits
Stackable Electronic Boards
Infrared Range Sensors

Dual H-Bridge Motor Controllers
Use with Basic Stamp or 68HC11

Quick and Easy Assembly !

www.polydroids.com

Circle #110 on the Reader Service Card.

joysticks spend the extra money and purchase a true Sony
or other top-model controller. The first reason to spend the
extra money is to get full eight-bit resolution on the joy-
sticks. To save money, the inexpensive controller read the
joysticks with five-bit analog-to-digital converters. With five
bits, you only get 32 steps over the full range of the joy-
stick, whereas a more expensive controller will have 256
steps. Also | have had problems with noisy joysticks. On
one $9.95 controller | purchased, neither of the joysticks
were stable enough to use predictably.

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

The Lynxmotion robotic arm performs very well. The
SSC-12 servo control is almost a necessity when using the
BS2. As a challenge, try to multiplex the PS2 controller
with other serial devices — only the attention pin must be
dedicated to an individual controller. A serial memory
device could be added to the Stamp. You could then
"teach" the arm a series of moves. Multiple positions could
| be stored in memory and then played back later. Keep on
coding!

Resources

www.stndev.btinternet.co.uk/psxpads.txt
‘ www.stndev.btinternet.co.uk/usb2psx.gif ‘
http Illaurent.samtmarcel free.fr/psx/

VIDEO CAPTURE!

-Color & BW up to 640x480  cem(1k) Add vision at low cost!
-Serial/parallel:pic,avr,z80,pc $ 2 7 Perfect for inspection,
-Full speed: to 30 frames/sec security,robotics. Full
-Simultaneous composite out eval kit(1) frame buffer unlike sx,
-Use w/digital CMOS camera $9 5 pchusb type. Industry
-C, BASIC, Assembler source std PC104 form factor.

02l HEGA 57,10

-ZERO external components! No xtal or external memory ICs.
-RISC processor up to 16 times faster than original lo-cost IC.

-64x more BASIC space(flash),16x more ee,64x more variables.
-Up to 8 channels of hi-speed A to D Converter (8 and 10 bit).
-RS232 Assembler download in addition to BASIC download.
-Calibrated, more stable, internal osc. Same price as 8K super!

STAMP DRIVE!!

Read / Write PC compatible hard oem(1 K)

disk, PCMCIA, & Compact Flash.
RS232 to ATA drive adapter for $ 2 7 '55.’
Stamp, 8051, AVR, PIC, Z80, x86 \ can
ANY controller, big or small: 3
eval kit(1)

-baud rates up to 115.2kbps $ 9 5

-S14 IDE & $21 ISA/104 versions
WWW.STAR.NET/PEOPLE/~MVS

-up to 4 gigabyte capacity
MVS Box 803 m Syr Limited Warranty
-

-simple software commands
(508) 792 9507 Mon-Fri 10-6 EST
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-low power operation 5v 2ma
Nashua,NH 03060 Free Shipping
Circle #150 on the Reader Service Card.

Interface a sharp LCD display to your BASIC Stamp® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits available too. See www.seetron.com today.

® 3.2 x 1.4 in. supertwist LCD
* 2400/9600 baud serial

¢ Low (=2mA) current draw

’ « Great with BASIC Stamps®

$45

BPI-216N

|
Seetron Serial LCDs

¢ 3.2 x 2 in. backlit LCD
‘ ¢ 1200-9600 baud serial

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

$49

ILM-216L

¢ 3.2 x 1.4 in. graphics LCD $99

* 2400/9600 baud serial
¢ Font and 15 screens in EEPROM
¢ Easily draw points, lines, screens

$119

TRM-425L

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

Scott Edwards Electronics, Inc.
1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635 More displays available,

phone 520-459-4802 ¢ ix 520-459-0623
www.seetron.com e sales @seetron.com

including bright VFDs.
See www.seetron.com

Circle #149 on the Reader Service Card.
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Project

by Stanley York

Autonomouse

The all-too-familiar fear of mice is gone!
Build your own “rodent” that's actually fun to have around!

cle, and dispose of some of those old mice you may

have lying around at the same time? | 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. ['ve always been inter-
ested in robotics, and autonomous vehicles, so | thought,
“What about an autonomouse (note the "e" on the end)?”

I've had a couple of Genius mice over the years, and
during the time [ had them, they served me well. When
they died, | tossed them into a box in the garage with other
assorted electronic junk, and there they sat. [ 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 1 do, makes you save
small switches and mechanisms like this, and I'm sure I'm
not the only one who feels this 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.

I ooking for a fun way to make a small robotic vehi-

Preparing the mouse body

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 | made my
mouse, | had some odd wheels lying around from anoth-
er project, and | 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, | cut away the Teflon
pads on the bottom of the mouse, and then cut deeper
into the plastic, until | was able to break away the plastic
that was under the Teflon. | then took a flat file and made
the slots a little wider and smoothed the sides to prevent
JUNE 2003

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.

Wheel and motor assembly

Figure 3 shows the method | used to make the
motor/wheel assembly. As | mentioned, | had a set of
wheels and a decent stock of motors from which to
choose, so | 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 train 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. Again, if you need
to, you can always bring the wheels outboard from the

Remove all
internal plastic
parts outlined

Figure 1.
Top cover of
mouse after
most of the
internal
plastic is
removed.

Figure 2.
Piece of
perfboard
cut to suit
the mouse.

Slots cut to suit
wheel spacing

)
|
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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 shown 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 shorter
notches allow the board to fit between the front attach-
ment posts.

The wheels | used were about 3/4-inch in diameter,
and about 3/16-inch thick, and had a thin layer of rubber
on the rim. | assembled these on a common axle, and
locked both wheels 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. | 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

Figure 3.
Motor

and wheel
mounting
detail.

Figure 4. Assembled
motor and wheel
mounting detail.

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 | 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 | 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 motor 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, | 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
function other than travel in straight lines, we should add
some kind of sensor to reverse the motor drive if it runs

PARTS LIST

| —MC14011 CMOS Quad NAND gate
QI — 2N3904 NPN

DI — IN4001
Cl — 0.0IpuF
C2 — I0uF
RI — 150k
R2 — 6.8M
R3 — 150k
R4 — 2.7k

R5 — See text

K| — PC mounting relay DPDT Digi-Key part #PB289-ND
or equivalent

M| — Small electric motor, see text

S| — SPST switch

BY| — Alkaline battery, Duracell #21/23 12V or equivalent

Al resistors |/4W, all capacitors 25VDC

Miscellaneous:

An old two or three button computer mouse (non-working
preferred). Perfboard, copper-clad PC board, solder, thin flex-
ible wire, #34 or #36 magnet wire, small wheels, small ID
brass tubing, and various mounting hardware.
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Autonomouse

‘No special tools are required, although if the constructor had a—,‘

Dremel-type rotary tool it would make life easier. In addition, a]

| soldering iron, hot-melt glue gun, a small drill, and a few hand tools |

|

are all that is required. No special skills are required, except perhaps
for manual dexterity.

into something. Nothing would cause loss of interest
quicker than a motorized vehicle 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, | 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.

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. Making 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 | soldered to the motor case for the small extension
spring | mentioned earlier. The red and blue wires cross-
ing the motor will be soldered to the battery and switch
later.

Figure 5. Mounting
the “whiskers” and
front wheel.

the running point (just
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

You need to set the
Figure 6. Close-up
shot of the whiskers.

trip point very close to

much. When these

whiskers hit an object, Solder one washer

they will turn the front to the upper
whiskers

wheel, and cause the
motor to reverse in the
same manner as the
lower whiskers. See the
close-up view of the

Flexible wire loop

whiskers in Figure 6. L
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Cut a hole in the top of the mouse case for the power
on/off switch. | used a small switch from a discarded
pocket radio (I told you I never throw anything 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 this 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 Genius, there is room for a board about 1"

Figure 8. Installing
the control board
and motor platform
in the bottom case.

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, [ sol-
dered a couple of PC pins to the copper-clad board and
bent them over to support the board from underneath.
Before | bent them, however, [ 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.

Ula 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. Ulc and U1d form a buffer to increase the drive to
the transistor Q1 via R4. D1 prevents the back EMF from
the relay from destroying the transistor when the relay
drops out.

|

\
Si
RI a Kl
— ) < ;RS
Ula ! Ule x k. WP
X . = DI e
it
o sensor switches &=, . !
BY! |
s
oy R4
Ulb Uld
Figure 7. e
Schematic of the %3 Ql
autonomouse.
JUNE 2003
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Autonomouse

Figure 9. Installing
the power switch
and cutting relief
for the whiskers.

While moving forward, the mouse will tend to move in
a somewhat straight path (depending on how good your
wheel assembly and alignment is). If an obstacle touches
one of the upper whiskers, or if an edge is detected by one
of the lower whiskers, then pin 1 of Ula will be pulled low,
albeit momentarily.

When thus triggered, the flip-flop starts its timing
cycle, determined by C2 and R3. Here, the timing is about
two-three seconds. During the timing cycle, Q1 is turned
on, pulling in the relay K1. K1 contacts are wired so that
the voltage being supplied to the motor is reversed during
the timing period, reversing the rotation of the motor, and
driving the mouse backward, away from the obstacle or
edge. During the motion backward, there is a natural ten-
dency 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 voltage across the motor
returns to normal, and the mouse continues on its way.
While constructing this project, | 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 | didn't run the motor so fast that it crashed
before the reversal circuit could trigger, | 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. | 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 rating, and subtract the voltage
from the battery. The voltage that's left, and the current
you have will tell you the resistor you need using Ohm's
Law (R =E/I). 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 disturb the obstacle switches, and let the fun begin.
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The Cat Feeder gm

by David Ponting

Your cats won't
even know
you're gonel

and prevent you nipping off for the odd weekend sim- |

The trouble with pets is that they tie you to the house

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! [ |

investigated professionally-made cat feeders at the local pet
store. Basically, | 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 | 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, |
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

Two cats
enjoying
their fifth
meal since
the feeder
was last
filled.

—

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, | 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, | wanted the feeder to have the potential to provide
each cat with half a full day's food twice during each 24-hour
period. 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, | started
to think about the construction details. [ have no skill with
wood. Simple electronics | can cope with, but wood seems to
split if I as much as look at it. So, as far as | was concerned,
the general construction had to be simple and made from a
very much more userfriendly 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 | 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 the150 grams necessary for two cats will fit
comfortably into a three-inch cube. And if your cat is too over-
weight to be average, | 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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The Cat Feeder — Part |

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

| etc.) — obviously an oscillscope would be useful — but not essen-
[ tial. What a constructor does need is patience and a steady hand!

material thickness of eight doors. However, since the hinge of
the bottom door has to be screwed to something, | increased
the height of my tube a further three inches. This resulted 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 Extrusion. The rear
section of the box is 3-3/4 x 30 inches and each side piece is
3 x 30 inches. The back 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 remainder of
the assembly will require that the side sections of the box be
taken apart again for further work.

Finally, the eight hinged doors must be cut. These are to
fit very loosely when they are held horizontal in the vertical
tube. Consequently, they should not be 3 x 3 inches — but
about 2-7/8 inches square. 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 positioned 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 peels 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 — either 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 their doors.

When all the doors have their hinges and magnets fitted,
the combinations can be screwed 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, then 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 exactly 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 positions, but it is
probably worth mentioning that, as the doors are to drop
down by rotating in a clockwise direction as seen from the
front, each hinge should be underneath its door when the
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hinge is attached to the side panel. The correct 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

Photo |.
Magnets
recovered
from a reed
switch.

Photo 2. Square
magnet fixed in a
door being held

open by hand.

CAT FEEDER BOX
SECTIONS
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Figure |I.
Sections of the
feeder to be
cut from plastic
extrusion.
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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,
| want to get to the part | 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 habit and, as all owners know, they ‘

expect to be fed at more or less the same time (or times)
every day. Consequently, this design includes a realtime
clock, displaying just the current hour in the 00 to 23 format.
IC1 is a CMOS 4521 oscillator/divider chip. Using a standard
4.194304 MHz crystal, the circuit 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 binary counter
used here as a programmable divider. When wired with the

four diodes as shown, IC2 divides the input of one pulse per |

second by 3,600, thereby outputting directly from pin 1 a one
hour pulse, which is, of course, high for about half 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 \

it displays the current hour. This is achieved with pulses from
press switch S1, using gates N1 and N2 to provide the
debouncing function. Gate N3 ORs the pulses produced by
S1 with the once-an-hour signal, which has been differentiat-
ed by the C3/R3 combination 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 during the initial set-up, the out-
put from N4 pin 11 will just be a brief, real-time, positive pulse
once each hour. R7 and C5 ensure that this signal is not cor-
rupted by random spikes 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,
seven-segment outputs. Consequently, the lower, common-
cathode LED display will show the UNITS digit of the latest
count and this will automatically be incremented each hour,
or advanced as required by the operation of S1. In its turn, the
one-pulse-per-hour input to IC5 is internally divided by 10 and
outputs at pin 5 as a carry signal. This clocks pin 1 of IC4,
which stores and increments every 10 hours the TENS digit
display.

All that seems pretty straightforward. Unfortunately, if
that were the end of the story, the display would increment
from 23 to 24 to 25, and so on,

12-15 volts
s :

25 volts

ULN2804

S-WAY
SERIAL
CABLE

with nothing to tell the clock that
midnight had come and gone.
However, diodes D5, D6, and D7
together with R8 form a three-
input AND gate which has its
output at the anodes' side of the
diodes/resistor intersection. The
arrival of the next hourly pulse
when the real-time clock is show-
ing 23 does increment the dis-
play to 24, and this step unique-
ly results in the lighting (among
others) of the "g" section of the
TENS figure and both the "f" and
"g" sections of the UNITS. At that
moment, all three inputs of the
diode AND gate are high and

Common

Top D

Lowest door

Figure 4. Circuit

diagram of the
Driver Section.
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hence, so is its output, connected 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.

[ have to admit that the method shown in Figure 3 for cur-
rent-limiting the 14 LED sections of the seven-segment, dual
display is somewhat cheap and cheerful — here R9 and R10
(both 220 ohms and 1 watt) provide this service. The recom-
mended 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

with S2 closed, the ring counter will only output at pin 6 one
rising edge during each 24 hours and that will be at 7:00am.
The cats will only be fed once a day. Clearly, different feeding
times can be set by using an output of IC6 other than pin 6.
However, the time of the first meal can only be varied between
1:00am and 9:00am and the second meal (if used) is always
10 hours later. If different meal times are 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 (IC7), pulses
from IC6 provide clock signals at pin 14. Reset pin 15 is nor-
mally held low by R12, but is taken high either when S3 is
pressed or via D8 when pin 9 goes high. Pin 9 is IC7's ninth

same total current whether all seven seg-
ments are lit (as in 8) or only two (as in |
1). Big deal! The difference is unimpor- |

s ’ - ’ ’ 4

tant in this application, and so far | 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 originating 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 normally

.

.
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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 (i.e., with the first pin switched high) |
by brlefly taking pin 15 hlgh

In this application, B is clocking IC8
once each hour, resulting in its 10 out-
puts going high in turn and then recy-
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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 beginning. So, seven pulses from B
after resetting to 00 at midnight will make |
the time be 7:00 in the morning. At that | 4}
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),
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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 feeder
providing two meals each day at 7:00am
and 5:00pm. Alternatively, S2 permits the | |
selection of only one meal a day. : e
When S2 is open, pin 13 of IC6 is | |
held low by R11. This allows IC6 to count | | *
normally. But if pin 13 is taken high dur-
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ing counting, whatever count has been
achieved 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 further

counting takes place until midnight when |
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the counter is fully reset. Consequently, |
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output and so when it is connected 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 output 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 circuit will
be given in the second part of this project next month.

That completes the description of the electronics 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 supply
which will make it all happen.

Order online at:
www.melabs.com
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Assembled hardware platforms
for development. Each has RS-
232 serial port, clock oscillator,
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Books on PicBasic and PICmicro MCUs

Programming PIC Microcontrollers with PicBasic $49.95
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PIC Basic - An Introduction $34.95
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Easy Microcontroln $29.95
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PicBasic Compiler
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into files that can be programmed
directly info a PICmicro MCU. Make
use of the Iatest microcontroller
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Assembler. Compatible with DOS and
Windows 9x/ME/2K/XP.
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EPIC Bare PCB $34.95
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PICProto prototyping boards are designed to help you get your PICmicro
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Epson Stylus Color 440, 660, 670, 740, 760, 860 150 2.65 2995 4495
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Lexmark 3200, 5700, Z11, Z12, Z31, Z32, 2.67 2.35 3995 39.95
Compagq 1J300, 1J600, 1J700, 1J750, IJ900 Xerox XK Series 2.67 2.65 39.95 44.95
Lexmark Z42, Z51, 252, Z83, Compagq 1J1200, A1000 2.67 2.65 3995 4495
Combination Kits Black dye 4 oz / Color 2 oz each 44.95 [
Combination Kits Black pigmented 4 oz / Color 2 oz each 49.95

Save 40 - 70% on New Compatible Cartridges
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) : Frgg e ¥ Inkjet Cartridges
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¥ Laser Cartridges
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¥ Copier Supplies

Cartridges now available for:

Call Toll Free
today or
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Black 1 / 3+ Color1/ 3+
Epson C42 12.95/11.01 15.95/ 13.56
Epson C62 10.95/ 9.31 14.95/ 12.71
Epson C80 17.95/15.26 8.95/ 7.61ea
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inkjetsw.com
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[ Deluxe Soldering Stations |

Elenco Model LCR-1810

389.95

* Cap. 0.1pF to 20uF

Elenco Model M-1740

%.$1 9_95

11 Functions: * Inductance 1uH o
. 20H

Sl ooz * Resistance 0.014)
*Cap. 10 204F 10 2,000MQ
+ AC/DC Voltage + Temperature -20°C
% ¢ 10 750°C

AC/DC Current - B 0.3
* Beeper * Freq. up to 15MHz
+ Diode Test + Diode/Audible
+ Transistor Test Continuiy Test

« Signal Output

* Meets UL-1244 fnion

safety specs. * 3 1/2 Digit Display

Elenco Model CM-1555

$29_95

« Measures capacitors

Elenco Model LCM-1950

65

* Large 1" 3 ¥4 Digit

from 0.1pF 1o
D 20,000F.
+ Autoranging Freq ekt

to 4MHz
* Cap. to 400uF
* Inductance to 40H
* Res. to0 4,000MQ

readout with unit
indicator.
* Zero control for test
lead compensation
« Banana jack and

* Logic Test
* Diode & Transistor

special insertion jack
included.

Test « Compact size
stand and
+ Audible Continuity Haisler
Test

Test Equipment

Elenco Digital / Analog Trainer

Model XK-150 $89 95

el

Features:

* 830-pin Breadboard
* 8 Data Switches

* 8 LED Buffered Readouts

* Built-in Function Generator
(sine & square wave) o

* Built-in Clock Generator %
* Variable Power Supply

Lo TN

- (18

Elenco Multi-Network Cable Tester
Model TCT-255

This tester is a convenient instrument for testing
different RJ-11 and RJ-45 connectors and coax
cables. Cables can be tested before and after they
are installed.

« Mapping Function

Tests cables before o after their installation.
Cable Identication (straight or reverse)
Pair Identification (straight or reverse)
Open or Short Testing

adapter.

Elenco Handheld
Universal Counter
1MHz - 2.8GHz

Features 10 digit display, 16 segment and
RF signal strength bargraph.

Includes antenna, NiCad battery, and AC

C-2800 Case w/ Belt Clip

Elenco Quad Power Supply
Model XP-581

4 Fully Regulated Power Supplies in 1 Unit

Model F-2800

*99

Sensitivity:
*<1.5mV @ 100MHz
*<5mV @ 250MHz
*<5mV @ 1GHz
*<100mV @ 2.4GHz

4DC Voltages: 3fixed; +5V @ 3A, +12V @ 1A
1 variable; 2.5 - 20V @ 2A« Fully Regulated &
Short Protected * Voltage & Current Meters « All
Metal Case

Elenco Power Supply
Model XP-603

*0-30VDC @ 3A Output
* 3A Fused Current Protection
* Current Limiting Short Protection

$14.95 | * 0.025Q Output Impedance

Low Battery Indicator
Auto Power-Off Function (30 s.)
Soft Vinyl Zippered Case (Model C-90) included! =
TCT-255K - Multi-Network Cable Tester Kit - $39.95

20MHz Sweep / Function Generator

with Frequency Counter Model 4040A

* 0.2Hz to 20MHz

*AM & FM Modulation

* Burst Operation

* External Frequency Counter
to 30MHz

* Linear and Log Sweep
10MHz Model 4017A

5MHz Model 4011A

2MHz Model 4010A

$259
Nl 5K PreCision |

ms.

Elenco RF Generator
= with Counter (100kHz - 150MHz)
Model SG-9500

Features intemal AM mod. of 1kHz, RF output
100MV - 35MHz. Audio output 1kHz @ 1V

SG-9000 (analog, w/o counter) $135

Elenco 3MHz Sweep Function
Generator w/ built-in 60MHz
Frequency Counter
Model GF-8046

Generates square, triangle, and sine waveforms, and

TTL, CMOS pulse $q 99-95

GF-8025 - Without Counter $139.95

Discounts

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

$22_95

Features:

+ Cushion Grip Handle
Soldering Iron (optional) with
Groufided Tip for Soldering
Stati¢-Sensitive Devices.
Easily Replaceable. Uses
Long-Life, Plated Conical Tip.

— Heavy Steel, Non-Slip Base.

* fron Holder Funnel -

( Reversible, left or right side.

Steel Fray for Sponge Pad.
* Sponge Pad.

'Works w/ any
iron! Turn
any soldering
iron into a
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V.
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Ordering Information:

Model SL-5 - No iron.
(Kit SL-5K)

322.95
Model SL-5-40 - Includes 40W UL iron. 95
(Kit SL-5K-40) $27-

Weller® Low Cost Soldering Iron
Model WLC100

Variable power control

produces 5-40 watts.

Ideal for hobbyists, DIYers
and students.

Complete with 40W iron.

332.95

Elenco Oscilloscopes
Free Dust Cover and x1, x2 Probes
2 year Warranty

o S1330 25MHz Delayed Sweep  $43
¥ S$-1340 40MHz Dual Trace $475
5 $-1345 40MHz Delayed Sweep $569
{ S1360 6OMHz Delayed Sweep  §725
\ %‘:‘2’-’ ial* o S1300 100MHz Delayed Sweep 895
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. 51325 25M DS-603 60MHz20Mss Analog/Digital  $950
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[ Electronic Science Lab |

| Elenco Snap Circuits™

even create your own experiments! No tools required.

Guaranteed Lowest Prices

UPS SHIPPING: 48 STATES 6% (Minimum $6.00)
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IL Residents add 8.5% Sales Tax
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Elenco's new Snap Circuits™ make leamning electronics a “snap”. Just follow the colorful pictures in out
manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and much
more. You can even play electronic games with your friends. All parts are mounted on plastic modules
and snap together with ease. Enjoy hours of educational fun while leaming about electronics. You can

Model MX-901SW
Short Wave Radio Kit

Model AM-780K
Two IC Radio Kit

Model AK-700 Model RCC-7K
’Q Pulse/Tone Radio Control Car Kit
i Telephone Kit s
Flashing Neon Lights | +7 Funcions
2/ Great School Project | . 1ransmiter
0 51 4 95 | Included
$59.95 . AK-870 (non-soldering) - $27.95
s Model M-1006K Model K4001
29.95 DMM Kit 7W Ampiifier
& ¢ 18R
*31 ;Swg;\(sLCD s1 2.95

» Transistor Test
* Diode Test

51 8.95

K2637 - 2.5W Audio Amplifier - $10.50

C&S SALES, INC.

150 W. CARPENTER AVENUE
WHEELING, IL 60090
FAX: (847) 541-9904 (847) 541-0710
http://www.cs-sales.com

Maxitronix 500-in-1 Electronic Project Lab Model MX-909

Everything you need to build 500 exciting electronic

projects:

* Learn the basics of electronics. 500
different electronic experiments, special
lighting effects, radio transmitter and
receivers, sound effects, cool games and
MORE!

Includes built-in breadboard and an LCD.

.

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

.

Includes 11 parts.

Lab-style manual included
* Requires 6 “AA” batteries.

MX-908 - 300-in-1 Lab

MX-907 - 200-in-1 Lab $44.95 S
MX-906 - 130-in-1 Lab $29.95 1 49
EP-50 - 50-in-1 Lab $18.95

15 DAY MONEY BACK GUARANTEE
2 YEAR FACTORY WARRANTY
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Screent Print and Reflow
SMT Boards at Home

by Bob Rooks

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 exceptional 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 this 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-

Enjoy SMD capabilities using
the at-home procedure outlined here.

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 barrel 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 soldering 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 your 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.

WEell, 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 your assembly time, increase the
quality of your designs, and open the door to all the mixed
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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 should 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:

Material: Solder Paste
Reflow Temperature Indicator
SMT Components
Printed Wiring Board (PCB)
Equipment: Prototype stencil

Squeegee
SMT Placement Tools
Toaster Oven

These products and materials are available from
PCBexpress (www.pcbexpress.com), a vendor that | use
to build my PCBs. Regardless of what vendor you select, all
tools in home stencil 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.

Ordering Your PCB and

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 board
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 openings in
the prototype stencil that match your board design. It's a
little more involved, but a common practice — 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 files. Any good
PCB or frameless stencil vendor does.

Choosing Your "Reflow"” Oven

The only part of this project that you can't get from
any PCB vendor that | know of, is the "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. [ can't guarantee the results you may get

Prototype Stencil

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"
type of stencils run from 50 percent to almost 85 per-
cent less than the cost of conventional stencils.

You can have your board and stencil made by a sin-
gle vendor as | 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.stencil
sunlimited.com), and I'm sure there are others you can
find with a simple web search.

A Basic Prototype Stencil
Kit comes with:

Prototype stencil

Squeegee Blade

PCB Holder

| A Starter Prototype l
.| Stencil Kit also has: ‘
| Solder Paste

Reflow Temperature Indicator

l GE OVEN WITH
SOLDER PROFILE §

BLACK & DECKER
TRO 5900TC WITH
SOLDER PROFILE

OSTER 6230 & 6232
WITH SOLDER
PROFILE
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using any other models. This is a good size selection, and
you can find most models well under $100.00 at any local
discount store.

Brand Model

GE 106632
Black & Decker TRO5900CT
Black & Decker TRO6100CT
Oster 6230

Oster 6232

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

Considerations Regarding
Solder Paste and Components

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, this would be
expensive. What you want is standard
eutectic tin/lead solder. 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
paste 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 applications. 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 solder
paste in the refrigerator or with food). If you do not have
a safe place to refrigerate the solder paste, store it in a
cool, dry place. Some prototype stencil vendors and sol-
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
about taking this hazardous material back for recycling. If
the solder paste supplier won't take this material back, he
can usually tell you how to dispose 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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there is a device for any application you can think of. Ask
your component manufacturer or supplier.

All SMD component manufacturers provide the solder
process thermal requirements for the components they
produce. Always request this 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: All work sur-
faces should be conductive and
grounded.

Prototype Stencil: The pro-
totype stencil is a stainless steel
foil (five to 10 mils thick) with
openings cut through to allow the
solder paste to be deposited onto
the PCB lands (pads). To prevent
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
board holder.

+Place the small L-shaped
board holder next to the PCB and
tape it down to prevent it from
moving.

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

into the

2. Apply the solder paste using your prototype
stencil.

Remember: If using refriger-
ated solder paste, be sure to
remove it from refrigeration and
let it warm to room tempera-
ture. Before printing with solder
paste provided in a jar, stir it for
five minutes. Do NOT store
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.
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Squeegee: The squeegee is a
flexible blade of stainless steel 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. *Tilt 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

mation is provided by the solder vendor. 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 designed to
tell you this by the way it reacts within the oven.

There are several types, but the one | 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.

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 solder paste
again.

$69.00

3. Place components.

Important: Keep the time
between printing the solder paste
and placing the SMT parts on the
solder paste short. The paste manu-

Soldering Iron Stand
with Sponge
Product #: TM-305

$3.99

RJ-11/45 & BNC
Tester w/Remote
SKU #: TM-147

Roger's Systems

WE'LL GET YOU CONNECTED

2001
(¢ [ 1

www.RogersSystems.com
25030 Avenue Tibbitts Unit H Valencia, California 91355

800-366-0579

115VAC 40 Watt Soldering
Iron UL 2-Prong Plug
Product #: TM-306

3 ft. Black Distribution Rack
Steel racks are
ideal for mounting
heavy equipment
shelves and active
equipment.

$89.00

23 Piece Tool Kit
w Zipper Pouch

SKU #: TM-TK23

IDC Connector Crimping
Tool Deluxe
Product #: TM-IDC

$29.99
WHOLESALE PRICES TO THE PUBLIC
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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 temperature
indicators.

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 (lig-
uidous) for a given amount of time.
When you buy your paste, this infor-
JUNE 2003

@.TECH -SYSTEMS ELECTRONICS, INC..
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Analyzers, Scopes, Generators, Meters, Power Supplles, VXI,
Data Aqulstlon, Optical Test, Microwave Components, & ! :

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
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i

Accessories, Equipment Manuals,
and much more!

Visit our website for our
ever-changing inventory




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 reflowing starts, turn the oven on
to heat up — a minimum of five minutes. Set the oven to
bake and set the temperature to the highest baking

temperature setting (450 to
500°F).

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

S°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-

(4

w&yxy

BUDGET ROBOTICS

~ Sensors
§ kS“trvos & motors
“Aluminum framing

- Wheels
< Hardware

X
Miniature fasteners

Servo mounts

(Shown with optional
OOPic R controller.)

ZB»%:lENI'SETRI:IBCITIIZS..CDM

... And more!

- A “‘
GALEP 4 4 - - 4
UNIVERSAL 4 s - ol
PROGRAMMER 1
“ "

Introducing a pocket programmer
i with true U Output

(%333

COMPLETE KIT
o

iversal

Remote control from other apps, (e.g.
VisualBasic. Substitutes higher priced
universal programmers e.g. ALL-11
(HILO) or LAB-TOOL-48 (ADVANTECH)
Providing virtually matching perfor-
mance at only 1/3-1/5 the price.

Info. / Orders, call. : 619-702-4420

microcontrollers such as 87/89xxx,
PIC, AVR, ST62, etc ". Low voltage
devices down to 1.3V. No adapter
required for DIL devices. 8 Hrs.
operation on battery (AC charger
included). Runs WIN 98,NT,ME,
2000,XP with Hex/Fuse Editor.

4 Latest generation pocket sized
“programmer uses ASIC universal

i pin driver technology. 1900+device

library, with lifetime free updates.

" Programs 8/16-bit EPROM'S,

EEPROM, 0-Power RAM, FLASH,

Serial EEPROM's, GAL, PALCE,

@ info, downloads: www.conitec.net

1951 4TH AVE, SUITE 301 - SAN DIEGO, CA 92101 - TEL: 61 )2-4420 FAX: 619-702-4419

CONITEC DATASYSTE
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nent (PLCC or QFP) with the reflow
temperature
indicator.

MNIOFTHE
The  edges
and corners
of the PCB
will be
hotter than
the interior of
the PCB. If
the tempera-
ture marker is
used on the
interior of the
PCB, the cor-
ners and
edges may
get too hot
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 tempera-
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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Temperature marker
before reflow.

Temperature marker
after reflow.
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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 work-
ing around hot equipment.

* Some SMT components have restricted thermal process require-
ments.Verify 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.

Solder Paste 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 Internet (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 solder 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 your information:

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/emfg/instruments/Paste/PasteMfg.asp

Learn How to Recognize a Good Solder 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 | can point 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-001C: Requirements for Soldered Electrical and
Electronic Assemblies

* IPC-D-279 Design Guidelines for Reliable Surface Mount
Technology Printed Board Assemblies

1PC
2215 Sanders Road
Northbrook, IL 60062-6 135
Tel 847-509-9700
www.ipc.org

change in form. When using a toaster oven, this 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 any "average reflow time" for
these types of projects. To suggest any would only confuse
the issue and could actually hurt, 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

Be an FCC
LICENSED

ELECTRONIC TECHNICIAN

Learn at home in your
spare time. ;

Earn up to

$100 an hour ’

and more! >

No previous experience needed!
You can earn more money

if you get an FCC License!

Not satisfied with your present income?
Add prestige and earning power to your
electronics career by getting your FCC
Government License.

The Original Home-Study course pre-
pares you for the “FCC Commercial
Radiotelephone License” at home in your
spare time.

This valuable license is your professional
“ticket” to thousands o¥exclhng jobs in:
Communications, Radio-TV, Microwave,
Maritime, Radar, Avionics & more...you
can even start your own business!

No need to quit r ur job or go to school.
This proven “self-study” course is easy,
fast and low cosf'

GUARANTEED TO PASS — You get your

FCC License or your money will be refunded.

Call for FREE facts now!

(800) 932'4268 Ext. 220

www.lLicenseTraining.com

| COMMAND PRODUCTIONS o meyy |
i FCCLICENSE TRAINING - Dept. 220 toupop 1
I P.0. Box 3000 * Sausdlito, CA 94966 today I
: Please rush FREE details immediately! :
| Name 1
: Address :
e o W el

Circle #117 on the Reader Service Card. 65



6. Screening a double-
sided 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 generator) that is large enough to attach the L-shaped

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
components 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.

NUTs & Vours

DATA ACQUISITION

IS EASY!

INVENTORY CONTROL

GOING WIRELESS

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

Transmitters, Receivers, Transceivers,
High Speed, Long Range, UHF Modems

UHF MODEMS

RS-232

900 MHz WIRELESS RF MODULES

| going to be affected by the heat of the
oven. | used large binder clips for this
board and they worked fine.

8. Touching up defective sol-

der joints.
Touch up any solder defects with
| a solder iron.
Use a fine tip
on the solder
| iron and don't

SNOILVOITddV TTVIYdLSNANI

| 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.

BLUETOOTH MODULES
, RS-232 -
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0
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=
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o
Y
il
-
0
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Call Toll

Free 866-345-3667

That's it. You now have your fin-
ished boards, ready to test and use in
your latest project. Make sure you

SY3In"v 01 viva

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.

INTERNATIONAL

Distributors for Electronic Manufacturers

RF & Microwave Specialists

www.lemosint.com |

R

| Questions? Contact me and ['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.stencilsunlimited.com
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Laptop Multimedia
Speakers

Fragmaster Joystick
Controller

Rack Keyboard
& Mouse Tray

Split Loom Tubing Kit

Increase the quality Designed specially for e

of sound from your ° personal shooter games APC a

laptop with these de- such as Quake™. 100% AR Rack )

taghable laptop speakers. Integrated digital with 10 programmable Fits in 19" S

microphone. Powers from your buttons and triggers. Easier to use rack 23 Ibs weight Great for organizing wires in your home,
lapto_p s PS/2 por; no_wall transformer than a keyboard and mouse. Win- Gray color office or car. Kit contains 7 pieces of
;euq[;j\:\:(e;:)'fs:drchkass S|V:A$;piaektei‘r::ﬂd dows95/98/ME compatible software 4 ’ black split loom. Sizes included are:
shielded. mflg: Lucent Tec%nologies)./ included. MFG: Thrustmaster No.220-0376N 54995 (ea.) 1025 7X551 3(1)"2562)(5??( '1(1);2537)(51?( 1:5"5 b
No. 220-0299N $12% ca) No. 220-3542N $6%%ca) No. 720-0361N Retail $19.95 5595 (qa )
Mini 6/12 Volt Siren | | 12 VDC Hobby Motor | |12 VDC Worm Gear Motor | [ 115VAC 4-5/8" Ball

Mini siren requiring 6/12 volts DC
with 7" leads. Dimentions
2-3/8" x 1-1/2" x 1-1/2".

No. 180-0113N 5495 s

High speed hobby motor boasts
over 16,000 RPM at 12 VDC. 1.2
Amp Overall size: 1-1/2”
diameter x 3" long.
1/8”(D) x 3/8"(L) Splined
shaft. Two 2.5mm
¥~ mounting holes on face
are 1" O.C. This motor is also
reversible. MFG: Johnson

No. 420-0570N g

(ea.)

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

3 attached to the 3/8”
threaded shaft. The
offset has a
universal joint on one
end. Originally designed as
windshield wiper motor for 2000-
2001 Saturn “L" Series cars.
No. 420-0578N $12%ca)

Bearing Fan w/ tach

115 VAC 50/60 HZ, 18
Watts, 106 CFM, 5 Blade
Metal Construction,
Metal Body Construction,
Ball Bearing, Terminal Lead
Size: 4-5/8" SQ x 1-1/2". Fan also
has three wire signal generator
output. MFG: Papst. Manufacturer
Part Number: 4606ZH.

1 95

No.290-0671N  °T171%%(ca)

19” Rack Mount

7 ft tall 19” wide rack
mount. Ideal for audio

or netowking

equipment.

Unassembled with 2
base angles, 2 top
angles & harware.

Choice of charcoal

or mill finish.

No. 220-0378N (charcoal)
No. 220-0380N (mill) G975 (ca)

Category 6 Plenum Wire
The latest in network wiring. Up to 1
GHZ bandwidth. Great for use with
many new commercial or
home automation
systems. 24 awg solid
twisted 4 pairs. Plenum.
Color: Natural. Length
1000’ pull box. MFG
Belden,

MFG P/N: 7882A s
No. 631-0334N 99 (box)

No. 631-0347N (PVC)* B9 (box)

400 Watt Metal Halide
Light with Bulb -L

Model MHSE-W-400-277F-F1.
18" diameter aluminum
shroud with glass bottom.

277/120 V (currently wired

for 277v but can be easily
changed). Great for warehouse,
grow lights, barns or other indoor
use. This item must be shipped
oversized. Please call for shipping
charges. Used, excellent condition.
Part No. 360-0554N (9% )

Gentact 10” Line
Actuator

Operates
on 24 VDC, includes'
attached 115 VAC converter. 18"
long retracted, 28" 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 safet itch.
No. 340-0001N éégl(ea)

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 9.75” deep 8.25” tall and 6”
wide. The inside display area is 4”
deep 6.25" tall and 5.5” wide. It has a
translucent back and a hole on the
bottom for uplighting. Power comes
froma 115VAC to 12VAC wall
transformer. Back lighting comes from
a5.25” mini florescent bulb (F4T5/CW)
and bottom lighting from a circuit board
with 15 high intensity LEDs. (Fig B)

No.360-0548N § 15 95 (.,

Same as above, but with 1, “U”
florescent tube FT18DL/830)

Locking Case / Gun

Casg__. _  102v

high, 11"
wide (not
including
1.25” for
lock
brackets),
10.5" deep foam seal on outer door.
Made of heavy duty metal. Includes
knockouts on bottom for electrical
connections. Weather resistant.
No. 650-0964N $24%ca)

Super Neodynium
Magnets

These tiny magnets

are so powerful, the!

still hold strong b
throughahuman
finger. Each one
measures 3/8”

diameter x 3/16”
thick.

No. 380-0095N
.50¢ (ea.) or 3 for $1°°

T000VA
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
P/N:4071-1020-7194

No.220-031aN 5179 ca)

SL Waber Power Strips

PartNo. Outlets Length Features Price '
2800412 9 36 15A,120V,permanentmount 1990
2800413 8 60" 15A,120V,permanentmount 190

280-0406N 16 48 15A, 125V wicord & switch, 26 cord® 3420

280-0400N 10 48" 20A,125Vwicord, grey,5cord S 242 B, l

280-0405N 10 48" 15A, 125V w/cord, grey, 6’ cord

29 A e @

Order Online:

1-800-344-4465 Www.meci.com
Minimum order: $20.00 plus

Toll Free Fax: shipping and $4.00 handling

1-800-344-6324

Circle #68 on the Reader Service Card.

No.360-054N ¢ 15.95 (ca) | |20 6 19" 20A 125V rackmount, 6 cord

Toll Free Phone:

340 E. First Street
Dayton, Ohio 45402

*All items subject to prior sale.
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‘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!

“n 1997, the Federal Communications Commission

(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.

| contacted both companies almost a year ago in |

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 | spent
some time with them
in New York City look-
ing over their studios
and explaining what
an RVer or a sailor

The hand controller reads
out the category station
name, the music, and

might want for recep-
tion capabilities.

Sirius works channel number.
closely with
Shakespeare Electronics — manufacturers of RV and

marine communication antenna systems — so it was a
natural that Shakespeare soon offered a high gain Sirius
satellite antenna system that works well in the open and
surprisingly well inside most fiberglass vehicle roofs and
aboard most fiberglass boats below 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 days.
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 signals are captured by the antenna 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

Twin antenna jacks for local 2.4 GHz and
satellite reception.

is offered by most major mobile audio suppliers.
For Sirius, | had plenty of choices from Jensen,
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\ 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

Adjustable input for your
satellite receiver black box
output. Don’t set this too high
(or all you get is distortion)!

Despite some of the claims at the local hobby electronics
store, the little FM stereo adapters would barely go beyond
a room away.

But | 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.

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 radio 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 your existing audio system.

Turn the satellite system off, and your audio sys-
tem now works off of the original outside or windshield

4

antenna.
So this system worked well in the dune buggy — I

The powerful amplified Shakespeare 2.3 GHz satellite

radio antenna system.

was impressed that | 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 |
found I couldn't live without satellite radio in the
house, so after every dune buggy weekend, | 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, |
wanted to tune in folk music with my personal stereo
when | 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 | 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 j
me out a decent signal to get throughout the house. L

The decoder box mounts out of sight near your
amplifier or auto stereo.
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Universal DC Battery
Eliminator

JENSEN
KVFM1

C ]
FM Modulator

room to room with your portable
headset on.

Another popular FM transmit-
ter that works well with a satellite
radio decoder is the equipment
from C. Crane — Model "FM
Transmitter" — fully assembled,
tuned, and tested. It features a
digital output for easy open-chan-
nel 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
barely make it through a 2,700

C. Crane 12VDC battery
eliminator module.

The FM modulator if you have |
no amp access.

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
makes it to your next door neighbor.

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 our
mobile communications 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 can even run on
two internal AA batteries. So the C. Crane Part 15 FM
transmitter with LCD digital frequency display resides
in the motor home, and this gives us plenty of stereo

The C. Crane has everything you need in the box.

capabilities up to about 50 feet away at a campsite.

Ramsey also offers a tempting one-watt "export ver- |

sion" completely assembled, synthesized, FM transmitter,
priced at around $400.00. Just think, you could beam out
your satellite radio signal in all directions up to a mile
away outside of FCC jurisdiction.

In fact, Ramsey Electronics will have you sign an
export certification for their FM-100EX and FM-100BWT
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

70

The Ramsey stereo transmitter fills up the house
with great satellite radio signals, and the actual
Shakespeare satellite 2.4 GHz antenna system has no
problem at all bringing 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 personal 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.

www.ramseykits.com
wWWwWw.ccrane.com
www.shakespeareelectronics.com
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H-2-Opus

Water, music,
lights, and
microcontrollers

by Victor Chaney

What kind of home project has 82 legs, horns,
and will never have all of the "bugs" worked
out of it?

The answer is "H-2-Opus," a musical water
fountain. It features a scene of insects
surrounding a pond of water, each with a
musical instrument that squirts water.

ater fountains are all nice, but I find that ones with
WComputer-controlled leaping streams of water are

especially interesting. A local amusement park has
one with arches of water jumping between ponds, which
started my fascination. Disneyland and Universal Studios go
a few steps farther. What finally convinced me to try one of
my own was seeing the magnificent musical fountain 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 Can | Do?

Since Bellagio's lake-sized fountain won't fit in my

5 d e

Front view. Lights and color wheel above, speakers and
water pump reservoir in the middle, electronics below.

JUNE 2003

garage (or budget), | made "H-2-Opus" to a scale that | 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 squirt 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 (squirting 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, | 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
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Ragtime four-handed .
keyboard player.
-

dragged to an earlier or later time, or turned on for a differ-
ent duration of time. Then | 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 "1" 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. |
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.

Back view. Sound module and MIDI player
on the bottom, electronics above them. Rows
of valves in the middle. At the top are servos

for bee x-axis and ladybug, lasers for the shack,
and servo for the center valve.

Ladybug, Blues
Brothers on his right.

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 MDF. A sole-
noid also pushes a button on the front of the MDF.
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 watching.

Flying and Dancing

The bee "flies" 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

The brains. Other boxes are :
mostly power supplies.

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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which flows down from the inside top S Blue-green light =

of the shack, and then across the E' e
pond of water.

. color wheel
COI‘IStI"I.ICtIOI‘I E? to green

s Center laser Keyboard
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,
and a fan keeps it all cool inside. In S
this enclosure is the MIDI player, | —
sound module, microcontrollers, |E:2
relays, and power supplies.
Everything electrical in the fountain } ¢ e ey
is protected from the water by enclo-

sures or shields, so that if something | ST o e

goes wrong, all will not get destroyed | = SEmEeT

by four gallons of water getting | fmm—— f

sprayed all over th? inside. (This hals The notes of Channel 16 are triggering events over time.
happened a few times — Murphy's The vertical lines are the beats of the music.
Law at work!).

In the middle are rows of solenoid valves. | used surplus ber pieces. The layers are put on one at a time, squirting sol-
24-volt DC valves. It is helpful if these do not use too much vent onto it a foot or so at a time, clamping it in place for
current, so that the driver chips can handle the load. Nearby about 10 minutes, then doing another section. When it is
is the lower reservoir, which contains the 500GPH sub- done, it holds its shape, and can be cut, filed, and sanded to
mersible pump. Each supply tube has a flow-adjusting valve final trim. Blocks of acrylic plastic glued inside allow the
made from a big nut with a #8 screw tapped through the base to rest on the plywood at the edges, so then only a few
side. The screw presses a copper pad that pinches the tub- screws are needed to anchor it in place. | love working with

El
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ing. Using distilled water keeps everything running smoothly, plastics — the glue joints are very strong, the material is
and is kind to the finish on the metals. Above the valves is the strong, and it handles water well with no surface treatment.
pond. A ring of plywood supports the base of the pond, and The base was first painted to block the light, and make
another ring supports the rim. Between these two rings is it less transparent, and then painted with a simulated rock
room for servos, lights, and mechanical drives. The white coating. The inside is lined with carpeting to help dampen
lights are colored with pieces of colored gel, like DJs use. the sound of the solenoid valves. Wheels on the bottom help

The outer part of the base is made of 1/16-inch polycar- to manage the 250-pound weight.
bonate sheets laminated with five layers. They are glued with
solvent made for solvent-welding plastics. The skirt on the Copper, Brass, and Bugs
top was formed on the fountain. The base was formed on a
plywood jig, using two cutouts separated by some 2x4 lum- | My orchestra is made of mostly copper and brass. I

Empowered by Innovation N E'

A SIGN YOU'RE USING THE
BEST MICROCONTROLLER FOR
YOUR LCD-BASED DESIGN.

Microcontrollers with LCD drivers. See your options at
www.necelam.com/lcdmcu
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A cam
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servo

moves a
lever
that

pinches
the
tubing
and
controls
the flow.

made insects because they are whimsical, easy to make,
and it does not look strange to have them in many different
sizes. | used different sizes of brass tubing, brass rod, and
brass balls for many parts of the insects, and sheet copper
(.025") and brass (.050") for the bigger pieces. It is all sol-
dered with a propane torch, Tin/Silver (96/4) alloy solder,
and paste flux. Heat shielding compound is a wonderful clay
that allows you to anchor one piece that you just soldered,
and solder something else next to it without melting and
destroying the joint you just made. Most everything that
squirts has a 3/32-inch inside diameter.

The spiderweb and some insect wings were made of
.025" stainless steel wire, soldered with hard silver solder.

[ made all of the parts, including the instruments. Some
pieces were soldered together from existing shapes (tubes,
balls, etc.). A small lathe helped turn most of the horns. A
few parts were cast from brass, using the lost-wax process.
The ladybug's saxophone was cast in four pieces and then
soldered together. The copper is worked by heating it red
hot, then quenching it in water. It becomes softer, and can
be pounded into compound shapes. As it gets shaped, it
also gets harder, so sometimes repeated heating and
quenching is needed to keep it workable. Pickling it in 10
percent sulfuric acid removes all of the black discoloration.

Some of the metal was colored by patina, and then
coated with clear finish, that is originally made for cars. The
green areas use the clear finish, with blue and green pig-
ments from an auto body shop mixed in. The color makes
a nice effect over the clean copper showing through. Some
of the parts were left polished — little parts like eyes, and
bigger parts especially like the instruments. The finish
keeps it from tarnishing.

The top rim was first made of several layers of plywood,
which was shaped to slope down to the pond. Then copper
was formed around it in four pieces, and soldered together.
A rim of 3/8-inch copper tubing makes a border on the
outer edge.

The fountain now resides in my office waiting room,
and is a big hit. People come to my office just to visit my
creation. | hope to have it in the California State Fair this
summer. The music is mostly big band music, with up-
tempo beats, horn fills, and multiple parts. This makes for a
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lot of action with the water. There are six tunes in it now,
including "In the Mood," "Peter Gunn," 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 first 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 information can be
found on the Nuts & Volts website at www.nutsvolts.com.
My email address is chaneyv4@sbcglobal.net.

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 degree in Physics. His electronics education comes
from books, 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 Competition at the California State Fair.

Resources

1. The Bellagio Hotel's fountain:
www.wetdesign.com/client/bellagio/index.html

2. The MDF4 MIDI Data Filer can 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. drulac #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 hardware store.
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o Ads betypesetbyNurs Voltsmustberecewedbyme =
dosmg date. Supplied ads must be received by the artwork due date.
Call the office at 909-371-8497 or email classads@nutsvolts.com

i tes, available sizes, and special prepay discount eﬁers

Cldss:f ed ads work! Call today'

IFIED AD
$50 Per Inch — No extra charge for color. (erﬁed time offer)
Classified ads must be paid in full prior to the closing date.
Visa/MC/Amex 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.

| ~ CONVERTERS ~

8590, 8600, DPV7, DPBB,
CFT2014, $15 each.

Computer ; ;
Components

Hardware W

Raw, no R/M.All units are power-

up, excellent shape, minimum [0

lot, no descramblers. Converter

parts, accessories, data crystals,
call for others not listed.

1-866-601-1238

DEC EQUIPMENT
WANTED!!!
Digital Equipment Corp.
and compatibles.

Buy - Sell - Trade
CaLL Keyways 937-847-2300
or email buyer@keyways.com

FREE 120 Pg CATALOG

FOR HISTORICAL MUSEUM
pre-1980 microcomputers,
magazines, and sales literature.
Floyd,VA 24091-0341.
540-763-3311 « 540-745-2322

Electronic components, kits,
test equipment, tools, and
supplies for hams, hobbyists,
and businesses. Many hard-to-
find items like variable
capacitors, vernier dials, coil
forms, magnet wire, and toroids.
Ocean State Electronics
www.oselectronics.com

www.ChildhoodRadios.co

Join our on-line bulletin
board and share your
knowledge and ideas with
other electronics hobbyists!

The resource for collectors of
vintage (50s & 60s) electronics:

*Parts *Supplies *How-to Videos

*Tools *Batteries *Adapters *Service ’ RF Transistors, Door Knob ‘I’Sg
Documents *Message Board, www. nutsvolts. com
sLinks to Collectors, & More \ Power s“"“"’ '"m’ an.
1 g R A N Teflon Wire

| 2502879 2502290 3-5001 4CXZSOB—|

See our website for other products
www.westgateparts.com
Westgate 1-800-213-4563

e/Cab

Automotive MP3 —

GPS

MIL-Spec Coax Available (Teflon, PVC IIA)
RF" I e s, | I New Product: Belden 9913F, 9913 with
Gaithersburg, MD USA 20877 High Density PE Foam dielectric,
| http://www.therfc. stranded center cond. and Duobond
‘ i o Ill Jacket $0.80/ft or $76.00/100ft
Complete Selection of MIL-Spec Coax, Also New: 9092, RG8X with Type Il Jacket.
RF Connectors and Relays Intro Price ... $23.00/100ft
UG-21B/U N Male for RG-213/214 $500  €Call for Specials of the Month

8.4” LCD w/Touch $39
Complete Kit $375
Includes:

VGA & Touch Controllers,
Inverter; And All Cables.

ication

877-363-9510
www.a2zrealty.com/lcd

able TV

DIGITAL CABLETYV FILTER

Just now available!! Latest 2003
model technology. Signal booster,
PPV tester, interference filter.
Wholesale prices. Call for info or
flyer. 412-833-0773

ABC WHOLESALERS, INC. ‘
Importer & distributors of the |
Multitech 4500 & 5000 series 125 ch.
new basic converter.
| FREE UPS GROUND SHIPPING ON |
| ALL MODELS ‘
All of the following basic converters
come w/new remotes & lots of 10
| +SA 8580 $19 ea.* SA 8600 $25 ea. |
| *Jer.DPV 7212 $15 ea.* er. BB 7312 |
$25 ea.* Jer. CFT 2014 $25 ea.
* Jer. 2254 « Pio 6310
For large quantities please call for
} pricing. We have all models
| replacement remotes.
Se habla espanol.
Call us toll free 1-800-510-1924.

UG-2ID/U N Male for RG-213/214 .$3.25
N Connectors for 99 | 3/Flexi4X1/9096

Amphenol 83-15SP-1050 PL-259 $0.90

| UG-176/U Reducer RG-59/8X, $0.25
or 5/$1.00

UG-175/U Reducer RG-58/58A, $0.25
or 5/$1.00

Silver Teflon PL-259/Gold Pin, $1.00
or 10/$9.00

UG-21B/9913 ....$6.00 / Pins Only.....$1.50
UG-21D/9913 .$4.00 / Extra Gasket.$0.75

Full Line of Audio Connectors for lcom,
Kenwood, and Yaesu

8 Pin Mike Female $2.50
8 Pin Mike Male Panel $2.50
|3 Pin DIN for Kenwood $2.75
8 Pin DIN for Icom $1.00
8 Pin DIN for Kenwood $1.50

Prices Do Not Include Shipping

Orders 800-783-2666
Info 301-840-5477
FAX 301-869-3680

ANAHEIMWIRE PRODUCTS

——,————— T

| Manufacturer and distributor of
| electrical and electronic wire
and cable since 1973.
ITEMS AVAILABLE FROM OUR STOCK:
Hook up wire, Shrink tubing,
Cable ties, Connectors.
‘ Wire cut & strip to specs.
If interested, please call
1-800-626-7540
FAX:714-563-8309
See us on the Internet:
‘ www.anaheimwire.com or

| email: info@anaheimwire.com
1 Visa/MC/Amex.

J

Computer

Hardware

www.matco.com
VGA to Video

Converter ULT-2000

- Capture PC

images on
video tape

display
- Simuitaneous
display on
VGA monitor
Video to VGA
$69 Converter VGA-801

b= - - Push Button
&l input from

VGA, AV and
S-Video

- Works with or
without PC

- 24bit, 16.7
million colors.

Matco Inc., Schaumburg, IL
1-800-719-8605
sales@matco.com

-Use TVasPC

Affordable Robotics
Training Courses in:

Basic Electronics
Digital Electronics
Relay Control
Servo Controllers
PLC Systems
Hydraulic Systems

From Basic to Advanced!
WWW.UCANDO-CORFP.COM
1-800-678-6113
FREE SHIPPING!

UCANDO VCR Educational Products Co.
(Est. 1988)

Inventor Services

i Have an Idea?
| Protect it now make $$ later
Get Provisional Patent-Pending
from $99.99. Patent, Searching,
& Invention Dev. Services.
Call 1-888-89-PATENTS
www.BayArealP.com
for FREE information
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Miscellaneous Electronics For Sale

ZAP CHECKER

100 TIMES 4,
MORE SENSITIVE Cs/l,s

THAN A FIELD STRENGTH METER

$89 (. 7saH) %’é‘
+ QRP to Kilowatt Tune-ups
* Antenna Radiation Patterns & Ratios
* Fox Hunts
« Cable Leakage Detector
+ Computer Wireless Installation
* Surveillance & Bug Detection
+10 MHzto 4.5 GHz +LINEAR & LOGARITHMIC DETECTION
+ANALOG & LED DISPLAYS + ADJUSTABLE GAIN
+SILENTVIBRATOR MODE  + INTERNAL ANTENNAS

Alan Broadband Company Phone : (888) 369-9627
93 Arch Street Fax: (650) 369-3788 |
Redwood City, Ca. 84062 www.ZAPCHECKER.com

White
LED
Keychain

Flashlights!

$1.00 ea.

Super
Blowout
Deal!
Regular White LED
Flashlights Too!

Other colors available.

www.blkfeather.com

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. $129/each. Compatible
with all ATV product lines.

EzATYV. Visit our web-site for
dealers or order on-line.

WANTED: ROCKWELL
Collins HF-80, KWM2A, and
S-Line equipment.

Also Collins literature.

Jim Stitzinger
661-259-201 I *Fax 661-259-3830
jstitz@pacbell.net

www.4atv.com

-
- |

O

SUPER HIGH GAIN 14 dbi

SURPLUS & REFURBISHED
ELECTRONIC EQUIPMENT
PARTS & ACCESSORIES
Over 4,000 items in stock.
SMC ELECTRONICS
www.smcelectronics.com

RS485/422/232/TTL

+ Converters
* Repeaters
« Fiber Optics

« Digital /0

* Multidrop RS232
+ Custom Units

+ Auto TX Enable

ASC24T $45

Extensive Interface Product Line
RS232 “Extension Cords”

Up to 115.2 Kbps, 4000 ft. ++
Large Multidrop Networks.
Isolated Units. Smart Units

Remote Relay “Extension Cords”

Call the RS485 Wizards at
(513) 874-4796

Microcontrollers

ST 0] 2
RES— Smith

www.rs485.com

Publications

ELECTRONICS BEGINNERS!

Get the book that is easiest to
read and understand.

Go to www.amazon.com,
select Books, search for
Shanefield, click on the title, and
then click on Customer Reviews.

ANIMATRONICS:
HOW TO
“Affordable Animatronics,
A Visual Guide”

Numerous applications, technical
references, examples, controllers,
electronics, mechanical devices,
and construction ideas.
www.bpesolutions.com

303-651-3794

kers

Speakers, parts, manufacturing
equipment. Million dollar
inventory. ISE (our 25th year) we
buy-sell-liquidate.

CALL 956-350-5555
WWW.ISESURPLUS.COM

www.kadtronix.com

Printer Supplies

[ Hard-to-find Printer Ribbons |

Ink Jet Refills ‘
Ink Jet Cartridges
At discount prices.

Write for price list or check out
‘ our web page. ‘
| |
H.T. Orr - Computer Supplies
249 Juanita Way
Placentia CA 92870-2216 ‘
Phone toll free: 1-800-377-2023 |
Local: 714-528-9822
FAX:714-993-6216
[ E-mail: Htorr@aol.com
‘ http://users.adelphia.net/~htorr |

Military Surplus

GRAPHITE-HIGH density,
slabs, blocks, plates, pieces.
Used for fuel cells, motor

GOT STRABO?

* This revolutionary new tool
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 J

DC MOTOR CONTROLLERS:
12V-48V, 50A & 100A versions,
PWM controllers in either
unidirectional or H-bridge
designs. Microcontroller based
inputs accept pot, R/C servo, or

computer signals for 0-100%
speed control of DC motors.
Kwan Motorsystems
408-929-2777.
info@kwanms.com
www.kwanms.com

#300-640 >
flat antenna with N or SMA i bus_hings, melting mgtals.
connector tuned for 2.3-2.5 GHz. © ot ioa the spentiat biaiding riovice. crucibles, rocketry, science ARobot Kit from Arrick
Use with 2.4GHz ATV 8 channel > gﬁgﬁmb"w@w"%ﬂum iy Fl’g°le::i- de'lj;;rz:s'gite 4 Robotics uses the Basic Stamp
transmitter or receiver. $179/ea . in-depth 819 P ! 1I. Quality metal construction.
' FREE CATALOG ONLY $99 SHIPPED. E bia and
— SPECIAL PRICE! Jim Sciuto, Box 128 asy to assemble an
EzATV. Visit our web-site for ﬂ .8@@.338.@5 Methuen, MA 01844 or very expandable.
dealers or order on-line. www.partsexpress.com 603-645-4772 or see photo at $2}5.00
SOURCE CODE: NVM1 USMintquarters.com www.robotics.com/arobot
ETE JUNE 2003
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Security

| SWEEP A ROOM FROM THE DOOR

ZAP CHECKER MODEL 270

EXTRAORDINARY SENSITIVITY
UPGRADED PREAMPLIFIER
2.4GHz bugs detected at 30 + feet

BROADBAND EFFECTIVITY
10MHz to 4.5GHz detection range

3 DETECTION MODES
LINEAR - Most sensitive mode :
LOGARITHMIC - Broadest si gna» strength indicator
INTERMEDIATE - High sensitivity with broad signal detection

SELECTABLE ANTENNA OPTIONS

SMA COAXIAL CONNECTOR

| for frequency-specific, directional antennas

| 2 FIXED INTERNAL ANTENNAS - NO ANTENNA ADJUSTMENTS

ANALOG METER & LED DISPLAYS
distant & nighttime detection w/ accurate analog readings.

SILENT VIBRATOR
To discrecely atert yourcent o abug 32D

ALAN BROADBAND €O. $269 .. y
93 ARCHST. REDWOOD CITY, CA 94062 (CA residents acd 8 25% tax
650-369-9627 B88.369.9627
FAX: 650-369-3788

WWW.ZAPCHECKER.COM

Transmitter/receiver kit. ASK- |
controlled 2.300 to 2481 MHz,
'video NTSC/PAL with 2 channels
of audio. 12VDC/100 mA Includes
2 rubber duck antennas. $125.

M, ., Schaumburg,
mo?l?:owlmpm : e :

WWW.lonestartek.nét
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www.matco.com

9 VOLT IR sensitive B/W high res 430
TVL camera with optional black low-
profile swivel adjustable enclosure. Pin
hole or Std. lens type. 6, 8, & [2mm
lens are available. 1/3” CCD,
3.6mm/F2.0 lens included; works from
7.5-13VDC, highest voltage range in
market. 0.08 lux, 1.27” x 1.27” x 0.5"D
pinhole or |” deep standard. $49 each.
Enclosure: $8; optional lens: $18.
Matco, Inc., Schaumburg, IL
1-800-719-9605,
sales@matco.com

www.matco.com
960 HOUR RECORDER

— e

Time !apse. with remote, can be
activated by either contact
closure or continuous duty

operation with standard T-120
tape. ES-8960 at $289.
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com

www.matco.com

INFRARED CAMERA
AX-808 (B/W)
or AX-808-C
(color).
Designed for
freshwater use,
up to 85 feet.
Enclosed LEDs
illuminates up to a distance of 20
feet. 12 volt operation.
COLOR $149 » B/W $99
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com

consumertromcs.net

| www.matco.com
Weather Resistant
Outdoor Cameras
WR-700 type,
high impact
tempered glass |
with stand. Small |
compact size
with sun shield.
Standard 3.6mm |
lenses with optional lenses of 6, 8,
and 12 mm at $20 extra.
430 LineB/W ......... $99/each. |
| 420 Line Color ...... $179/each. |

Matco, Inc., Schaumburg, IL
1-800-719-9605, |
sales@matco.com I

www.matco.com
Color & B/W Board Cameras

*BX-120-LC (350 lines color) $85
*BX-125-LC (380 lines color)  $90
*Sub-miniature BX-123-AU
(420 lines B/W with audio)  $65
Matco, Inc., Schaumburg, IL
1-800-719-9605
sales@matco.com

Test Equipment

HP 8920A/B service monitors
from $2,900 Spectrum analyzers;
signal generators; cellular test
sets for CDMA, TDMA & GSM
and more
Ph 716-763-9104;
www.amtronix.com

Satellite TV

s\ &Skyvision
. 4 FREE SATELLITE
& TV Buyer's Guide.
BIG Dishes-BIG
Deals! Get the MOST free and
subscription channels with C-
band digital upgrade! Get high
speed Internet on your big dish!
SKYVISION 800-334-6455.
Int’l 218-739-523
www.skyvision.com

UPGRADE YOUR
C/KU-BAND
SATELLITE SYSTEMS
| can help you.
John Horvath @ Minaret Radio |
PH: 909-943-3676
FAX: 909-943-2606

Telephone

12-HR TELE-RECORDER

* Fully automatic

. nc"' * Amazing sound
* 2-Year warranty
Only $69
| . Call Vakis at:
905-820-8020

Job Opportunity

EDITOR WANTED

Nuts & Volts magazine is looking
for an experienced editor to work
out of our Corona, CA office.
Duties include content
management and development,
budget and deadline compliance, as
well as technical editing and other
duties.

Candidates should have a strong
engineering/technical background
and proven ability to concept, write,
edit, and deliver content on time,
preferably for a technical magazine.

More details can be found at
www.nutsvolts.com |f interested,
send resume by email only (no
attachments please) to Robin
Lemieux at robin@nutsvolts.com

No phone calls will be accepted
or returned.

USBee &
Digital

Pod

USBee :

EE101.com

o Slgnal Generator
Frequency Counter

USB Device Builder
Expert Design Help

Logic Analyzer

Source Code/API

Connect, Control and Debug
your embedded project
from your PC over USB

(909) 693-3065
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Sensors for Tilt Measurement

“Where [t

esources

by Gordon McComb

Is and How to Get [t

common means of providing
A a robot with a sense of bal-

~Wlance is with a tilt sensor or
tllt 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 varieties include the follow-
ing:

Mercury-filled glass ampoules
that form a simple on/off switch.
When the tilt switch is in one position
(say, horizontal), 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.

Figure |

Ball-in-cage. These all-mechani-
cal switches are popular in pinball
machines and other devices where
small changes in level are required.
The switch is a square or round cap-
sule, with a metal ball 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 contacts to
measure tilt in all directions.

Electronic spirit level sensors use
the common fluid bubble, along with
some interfacing electronics. A spirit
level is the same kind you see on
ordinary levels at the hardware store
— it's merely a glass tube filled — but
not to capacity — with water or some
other fluid. A bubble forms at the top
of the tube since it isn't completely
filled. Because of gravity tilting the
tube, it makes the bubble slosh back
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 com-
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-
trolyte in the ampoule sloshes
around, changing the conductivity
between two (or more) metal con-
tacts. Mechanical/optical tilt sensors
use a pendulum or other mass to
rotate a potentiometer or optical
encoder in response to tilt. These are
entirely solid-state — unlike spirit level
or electrolytic tilt sensors — which
incorporate a liquid.

Accelerometers can electronically
detect the pull of the earth's gravity.
The latest accelerometers are avail-
able on a single integrated circuit,
making them small and relatively
inexpensive. Of all the potential sen-
sors useful for measuring tilt,
accelerometers are among the least
expensive. An accelerometer is a
device that measures change in
speed. Accelerometers are used in

vehicles, rockets, even elevators. Put
an accelerometer in a car, for exam-
ple, and step on the gas. The device
will measure the increase or decrease
in speed. Most accelerometers only
measure acceleration (or decelera-
tion), and not constant speed, or veloc-
ity. Velocity information can be derived
from acceleration data, however.

Although designed to measure
changes in speed, many types of
accelerometers are also sensitive to
the constant pull of the earth's gravi-
ty. This type of accelerometer can be
used to measure the tilt of a robot.
This tilt is represented by a change in
the gravitational forces acting on the
sensor. The output of the accelerom-
eter is either a voltage, or it can be a
digital signal that indicates the rela-
tive acceleration at any given
moment.

Analog Devices is a semiconduc-
tor maker, primarily of industrial and
military grade operational amplifiers,
digital-to-analog and analog-to-digital
converters, and motion control prod-
ucts. One of their key product lines is
the ADXL line of accelerometers,
which use a patented fabrication
process to create a series of near-
microscopic mechanical beams. This
"micro-machining" involves etching
material out of a substrate. During
acceleration, the beam is distended
along its length. This distention
changes the capacitance in nearby
plates. The change in capacitance is
correlated as acceleration and decel-
eration.

In addition to the mechanical por-
tions of the accelerometer, all the basic
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 part of the accelerometer, only
a minimum number of external parts
are needed.

Analog Devices makes a lower-
cost line of accelerometers specifical-
ly designed for consumer products.
Their ADXL202 is a dual-axis device
with a + two-gram sensitivity (if you
need more grams, check out the
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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
can be readily determined by a PC or
microcontroller that measures the
length of the pulse.

The ADXL202 is a surface-mount
component, 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 your chip.
Analog also sells a handy evaluation
board (see Figure 1) with an
ADXL202 and a standard 0.100-inch
header for easy attaching to standard
breadboards and solder boards.

Analog provides a datasheet and
application note on using 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.

Analog Devices, Inc.
PO. Box 9106
Norwood, MA 02062-9 106
(781) 329-4700
www.analog.com

Analog Devices is a key manufac-
turer of precision linear semiconduc-
tors. Among their product line is the
low-cost ADXL series of accelerome-
ter/tilt sensors, which can be readily
used in amateur robotics. Their web site
contains copious datasheets, 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,
carry the Analog line for resale.

Crossbow Technology, Inc.
4| Daggett Dr.
San Jose, CA 95134
(408) 965-3300
www.xbow.com

Crossbow manufactures inertial
and gyro systems, accelerometers
modules, and tilt sensors. Their
accelerometers are available in sin-
gle-axis and tri-axis. Crossbow's prod-
ucts are intended for industrial meas-
urement applications.

Entran Devices, Inc.
|0 Washington Ave.
Fairfield, NJ 07004-3877
(973) 227-1002
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www.entran.com

Manufacturer of strain gauges,
load cells, accelerometers, and pres-
sure sensors. Fairly high-end stuff
here, designed for precision measure-
ment. Web site in English, French,
German, and Spanish.

Measurement Specialties, Inc.
710 Rt. 46 E. Ste. 206
Fairfield, NJ 07004
(888) 236-6746
www.measurementspecialties.com
Measurement Specialties makes
and sells sensors, particularly piezo
sensors using Kynar plastic. These
sensors can be used for such things
as ultrasonic measurement, touch,
vibration, and acceleration. The com-
pany provides online buying, but the
minimum order is $100.00. Some of
their product is also sold by Digi-Key
and other distributors, such as
Images, Co. (www.imagesco.com).
Example prices are $19.95 for a sin-
gle-axis accelerometer.

Memsic, Inc.
800 Turnpike St. Ste. 202
North Andover, MA 01845
(978)738-0900
www.memsic.com

Memsic offers a low-cost, dual-
axis accelerometer that is designed to
be both rugged and super-sensitive.
The company offers online purchas-
ing — several models are available
with different signal output types and
sensitivity ranges. An example prod-
uct is the MXA23120, rated at + two
grams, with an analog output. Cost is
$12.50 in single quantities.

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 Creek Dr.

Maple Plain, MN 55359

763-479-4570

www.sensorsincorporated.com
Online retailer/distributor for a

number of manufacturers of industri-

al sensors, including HohnerCarlo

Gavazzi, Cutler-Hammer, and SICK. The

Figure 2. US Dig

inclir

web site provides a number of technical
app notes that are useful for learning
more about sensing technologies.

Spectron
595 Old Willets Path
Hauppauge, NY 11788
(631) 582-5600
www.spectronsensors.com

Single- and dual-axis tilt sensors
and single- and dual-axis inclinome-
ters (digital and analog outputs).
Application notes available at the site.

US Digital Corp.
['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 around $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. ™V

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 addition to writing books, he operates
a small manufacturing company dedicated to
low-cost amateur robotics. Youre welcome
to visit www.budgetrobotics.com/.
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_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

Put Your Holograms in Motion

== e

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 | 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, 1 will begin to
describe a simple Cr:Ruby laser.
There will be a number of issues to
discuss, and | 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

Solid

Channel

Edmund Scientific

======

nnnnnn

uuuuu
ooooo

Figure 25-1.
Laser rail
options.
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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 | have worked on had a
maximum pulse rate of one pulse per
second.

However, before we begin
discussing the building of this laser,
| must give out some words of
warning:

Warning Warning Warning

The laser to be described is
JUNE 2003
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dangerous. The power supply is
capable of producing lethal volt-
ages, and at very high pulsed-cur-
rent capacity. This is a serious
laser, and should only be 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-
charged before any work is done
inside the unit.

If a short circuit 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 powerful supply,
and should be built carefully, with
regard for safety being the top pri-
ority.

There will be a number of safe-
ty interlocks built in to the power
supply and laser rail, and these
devices must be incorporated to
ensure safe operation of the laser.
DO NOT OMIT OR BYPASS ANY
OF THESE INTERLOCKS!! Neither
the author nor this magazine can
be held responsible for your
actions, so please be careful and
act responsibly.

With this

have to buy everything new, then
you'd better have some pretty deep
pockets.

This month, we will be concen-
trating on some of the mechanical
parts of the system, and in particu-
lar, the optical rail. We'll switch to the
cooling requirements, electronics,
and controls over the next couple of
issues.

This is probably the most impor-
tant part of the laser, and the one
most likely to give problems if you
get low power output, or arcing dam-
age. It's also going to be one of the
most expensive parts to get made,
unless you have access to a machine
shop and 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 important the rail be mas-
sive so that it is stable — both
mechanically and thermally — espe-
cially if you intend to use it for holog-
raphy.

The drawing in Figure 25-1
shows a couple of variations on the

Laser Insight

rail. The main object is to find some-
thing rigid, so either use a 3/8" or
1/2" solid piece, or for a lighter rail,
use a piece of steel or aluminum
channel. If you opt for the channel,
make sure it is thick enough in sec-
tion to put threaded holes in the
mounting surface, or at least, room
underneath for locknuts. If you visit
your local metal distributor, you may
be able to pick up a suitable piece of
flat stock or channel for under
$25.00 or so.

The overall length 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 bench
plates you may use. These plates
come predrilled with a large number
of holes.

They are a little more expensive,
but need no further work before you
start to use them. Also, their hole
spacing allows easy fixturing for
other optical elements you may wish
to add later, either to enhance
the laser, or perform some other
function.

warning, we can
now discuss the

laser and its vari- F’g.“’e g
b Laser head block
OL_IS shibassern: dimensions.
blies.
Perhaps |

should also warn
you that many of
the parts used in
this laser are
expensive. The
Cr:Ruby rod alone,
for instance, will
set you back
about $1,700.00,
so be sure you can
justify building this
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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. | have access to a machine
shop, that | use quite often, and can
quickly change the design or dimen-
sions to suit whatever | have available.
I know not everyone has this luxury,
and so | try to keep my designs as
simple as possible so that others
don't have to spend a fortune trying
to copy something | have created.

The type of plastic used in this
design is not really important, but I
would suggest using 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 tem- |

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 flashlamp fires. If
the temperature of the material is
such that the plastic relaxes, the
holding screws will loosen, making
the initial problem worse. In addi-

tion, the mounting surface may
become distorted because of the
mating pressure (of hold down
screws, etc.) losing the alignment
reference.

The head block and top should
be a close fit to keep extraneous
light from leaking out during firing.
To help with this, and to ensure a
seal against water leakage, you
should machine an "O" ring groove
around the top surface of the head
block, as illustrated in Figure 25-2.

In a commercial laser system,
the interior of the pump chamber is
flooded with de-ionized water. In our
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 level and flow switches, a heat |
exchanger, and a temperature sen-

| :
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sor. This will obviously complicate
things, and add considerably to the
expense. If you keep the pulse rate
down to perhaps one pulse every
couple of minutes, 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. |
recommend it, since it will give the
laser greater flexibility in that it can
run harder and faster.

I have a couple of sources that |
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 [ 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
height of the laser rod is the same as
the centerline height for the mirror
mounts. However, if you buy a laser
head from Kentek, the height may
be a little different, and you should
use parallel spacers to adjust the
height of the lower components.

If you have the resources, you
may want to machine your own
head block. | 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 Figure 25-2, you'll
see that the head block is machined
out of a solid piece of plastic. This is
easier than trying to piece together
several smaller parts, and things
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 relate 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 — being a poor heat con-
ductor — only cools on the sur-
face. The inside remains warm
for a long time.

To allow 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 period. This will
allow the block to return to room

Figure 25-4. The
home-brewed laser
head assembly.

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 "O" 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 lamp.

Shop around when you get
these parts made. You'll find that
machine shops vary widely in
charges for doing this kind of work,
and their workload will dictate how
much they charge you. As another
alternative, Kentek, the supplier of
many of these parts, can also supply
the laser head. But again, it won't be
cheap. However, since they make a
larger number of heads at one time,
the overall cost per head is lower.

The exploded assembly drawing k
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in Figure 25-4 is shown here for
guidance in assembling the laser
head. Many of the parts listed are
shown in this drawing — some
parts still need to be made. This
list refers only to head design
shown, not to any third-party
source.

Key to the assembly drawing:

1. Lamp cable screws #8-32
x 1/2" (two required).

2. Lamp cables #10AWG
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 termi-
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. "O" ring — Parker #2-250,
nom 5" ID x 0.139" section.

10. Reflector halves (see
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.

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-1/4x3 Ruby Rod 0.25 inch diameter x
three inches long, F/F AR/AR @ 694.3nm
0.03% dopant $1,725.00 each if in stock —
delivery 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 fittings — plastic or stainless steel
only "L" 1/4" NPT — 1/4" Barb. (No brass
or copper.)

"O" rings and water fittings can usually be
found at your local industrial supply house.
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Laser rods, mirrors, lamps, head block — Kentek Inc. (800)
432-2323; www.kentek-laser.com.

Ask Kentek to mount the rod for you.There may be a small
charge, but believe me, it will be worth 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 — Consult your local phone book for
plastic suppliers in your area.

14. Rod holder "O" ring Parker #2-112, nom 1/2" ID
x 0.1" section (two required).

15. Rod holder barrel.

16. Rod "O" ring Parker #2-010, nom 1/4"ID x 1/16"
section Teflon (two required).

17. Rod holder end cap.

18. Laser rod.

19. Laser head block bottom.

20. Water fittings 1/4" NPT — 1/4" Barb (two
required).

21. "O" ring Parker #2-007 nom 0.14" ID x 0.07" sec-
tion (two required).

All "O" rings are silicon or butyl rubber, except where
noted — all 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 this will keep you busy until the next issue, so I'll
stop here.

There are other sources 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 optical rail.

If you have questions about this column, or ideas
for future columns, please contact me as always at:
stanley.york@att.net, or through this magazine. [ may
take a while to respond to your email, but [ will
respond. ™MV
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KLO42 can accept up to 42 cards

KL204 can accept up to 204 cards for access

éll Iélts come with Antenna and 2 Access
ards.

1-888-GO 4 KITS
GREAT PRICES, GREAT SHIPPING RATES
49 McMichael St., Kingston, ON, K7M 1M8, CANADA

Special products

Everything you need to build

your own... MOBILE ROBOT

» SONAR UNITS

» VISION SYSTEMS

» MOTOR DRIVERS

» OPTICS

» MICROPROCESSORS
& » ARTIFICIAL INTELLIGENCE

» WEB CONTROLS

Zagros Robotics
PO Box 460342, St. Louis, MO 63146
(314)768-1328 * info@zagrosrobotics.com
www.zagrosrobotics.com

ATYOSMINIPB
ProtoXP

AT90S35PB

AF96SISPB

- Atmel AVR RISC MicrocontrullerProject &
Development Boards with Huge Profotype

- Edge connector allow boards to be connected
together by means of a Mother Board

- Includes oscillator, reset manager, power
regulation circuitry

VAYAN

Electronics
www.avayanelectronics.com

- Will accept almost all 40, 20 and 8 pin devices
from Atmel's AVR RISC 8 bit micro architecture

HOT SUMMER PROJECTS!

Fuel Cell Car Kit - Build
i a car that runs on water!

Model Energy Efficient J A\
House - Build the home of i D™
the future! -
See the whole line up of solar projects
to heat things up this summer at

ElectronicKits.com

- OPERATE BASIC SCOPE CONTROLS
TAKE ACCURATE MEASUREMENTS
- ANALYZE WAVEFORMS
- READ THE GRATICULE
- SELECT THE CORRECT PROBE ... AND MORE!
Learn the fundamentals fast! Our one-hour video and
70 - page reference manual were designed by a
college professor. Includes certification exam!

VHS tape and manual just $34.95 + $5.00 S/
(U, addresses only) NYS resdents add 7% sales tax

To order send check or money order to:

SYSPEC Inc / PO Box 2546 / Syracuse, NY /13220

1,877 SYSPECT (1.877.797.7321)

Mold manufacturing.

Production of injection

molded parts. No order

too small or too big. Very

competitive on high labor

parts. For very small orders we can inject your
parts on manual low pressure machines.

We manufacture

our own tooling

Site:www.vandvmachy.com
& email: victor@vandvmachy.com

Only $149.95

The portable programmer that uses the
printer port instead of a internal card,
with easy to use Windows software that
programs E(E)prom, Flash & Dallas Ram.

Intronics, Inc. * Tel. (913) 422-2094

Box 12723 / 612 Newton / Edwardsville, KS 66111
Add $8.00 COD

Visa/MC/Amex/Disc |

he Pocket Programmer

and services {or the electronicsSenthusiast.

IBHTING EVENT!

LIMPERTLM.C!

Easily Incorporate Oscilloscope
Images Into Your Documentation!
Applications
* Project documentation
« Design reviews
« Student lab assignments
Features
* Process HPGL, PCL, and
Epson graphics commands
« Create BMP, GIF, JPG,
PCX, PNG, TGA, TIF Files s =
Introductory Offer
Only $97!

Requirements

» Windows 95, 98, Me, NT, 2000, XP

« Serial port with hardware handshaking

« Oscilloscope, Logic Analyzer, or Spectrum Analyzer
with print or plot capability

Download Free 30-Day Trial!
www.printcapture.com

For a list of
retajlers that ca
Nuts & Volts in
their store or
if you would like to
cary Nuts & Volts
in your store, go to
WA, nutsvolts. com

Theremin

The PAIA Theremax uses =~

the same heterodyne principles

as the original turn of the century g
instrument for classic tone and adds
features made possible by modern ICs.
Shown with optional lectern case.

— FatMan Analog MIDI Synth

9308K Kit =
$154.00 ~; A comglete music synthesizer
- > with all the big bottom and phat
4l sound that makes analog famous.
20 knobs and controls for real-time
_~sound sculpting. Compatible with standard
_~~MIDI sources like keyboards or computers.
Desktop case or rack panel available.

Check out http://Paia.com for schematics,
tech details, firmware source files and more...

PAIA Electronics * 3200 Teakwood Lane * Edmond, OK 73013
405.340.6300 * fax:405.340.6378 * email:info@paia.com

Tube PreAmps, and dozens of other kits for
ELECTRONIC MUSICIANS

Synthesizer Modules, Guitar Effects, Mixers, EQs,




- s )
PRINTED CIRCUIT BOARDS E %
QUALITY PRODUCT 10 pcs (3 days) o 5 - j.%%& d QS
FAST DELIVERY | olrol layt(esrsd$2)49 j 3 o
M Vi N pcs (5 days = E - ~p7
C*OU IPETITI dE PRICING OB a8 versecui
JL approve " . ! 2 S P
5 e 2% (up to 30 sq. in. ea.) = AJ }. 1TC(
’: Smgl.c & Doublc sided iAlides tooling: artwork: - WWW.MmMaicCc
Multilayers to 8 lay: LBt mask & ol . | : :
* SMOBC —
* Reverse Engineering g TRROV GH <
* Through hole or SMT vuo‘f\gf;\\(‘\'“’“ - . " KX-880 s89 ®
* Nickel & Gold Plating o L -880- i
«Routng orscoring |  PULSAR, INC : ,, s - Law
* Electrical Testing 9901 W. Pacific Ave.

* Artwork or CAD data Franklin Park, IL 60131 3 xels w/bric : ¥ ¢ Disc
* Fast quotes )

— & ' ‘enclosure 3 WR-700
We will beat any : 2
competitor s prices!!! - 7 5 . 8 v ‘ WeathesrgkgslstantT ‘
yogii@flash.net - flash.net/~yogii da: 8 20~ 1ol

NN YRS Are you missing something?

For
Inexpensive™ v

Mreesritiesngl®  You can order back issues of

Vil Nuts & Volts through our website
' | X at www.nutsvolts.com

$ = Ui Randing & Using
- W HEGadger-0-Rama 20024 ;

or call us at 800-783-4624.

Message Encryption Using
A Random Number Device

e Stock up today!

Event Recorder/Monitor

Fully programmable in Basic
£A 2x16 serial backlit LCD
owerful servo drive motors
ne IR obstacle detector

, batteries require
£A Speaker for sound effects

& - Y
Assembled with processor and ready to go $249.95

o— NetMedia Inc. 10940 N m;\z 85737 520.544.4567
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Advanced
Technologies

Detecting Nuclear Materials
Using Muons

. hen you think about inspect-
1 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.lanl.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 three-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 everyone
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

Sand dunes in the Wirtz Crater.
Courtesy of NASA/JPL/Malin Space
Science Systems.

“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.C. 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.msss.com),
which already offers access to nearly
125,000 Mars images.

Computers and
Networking

Intel Breaks 3 GHz Level
for Desktops and
Workstations

“ ntel (www.intel.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 digital content creation
tasks such as 3-D modeling, render-
ing, and video editing are some of
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An Intel technician holds a |2-inch
wafer that contains hundreds of 3-GHz
Intel® Pentium® 4 processors.
Courtesy of Intel.

the relevant workstation applications.
The new 875p chipset (formerly
code named Canterwood) supports
dual-channel DDR400 MHz system
memory and a dedicated networking
bus. It includes a high-performance
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 call while play-
ing a digital music stream. In 1,000-
unit quantities, 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

he National Center for

Supercomputing Applications
(NCSA, www.ncsa.uiuc.edu), locat-
ed at the University of lllinois at
Urbana-Champaign, recently brought
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 replaces NCSA's 1,512-processor
SGI Origin2000 array, which has a
peak performance of 660 gigaFLOPS
and 614 GB of total memory.

Each Powerd chip 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-
per 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 nearly
125 GB per second. According to
IBM, it is possible to link even more
eServer p690s to create a supercom-
puter powered by more than 1,000
processors.

Rod Adkins, IBM's general manager of
web servers, examines an eServer p690
"Regatta" computer, billed as the world's

most powerful UNIX server.
Courtesy of International Business
Machines Corporation.
Unauthorized use not permitted.

Low-Cost Handheld GPS
‘ Units Available

The Geko GPS receivers offer accuracy
to within 10 feet, up to 10,000 log
points, and a low cost. Courtesy of

Garmin International, Inc

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
International, Inc. (www.garmin.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 such
as one-touch waypoint marking). But
the new products are smaller and lighter
than the eTrex family, feature front-but-
ton functionality, and operate on two
AAA batteries.

The Geko 101 is a low-cost device
designed for navigational novices. It has
five buttons (up/zoom out, down/zoom
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 functions of the
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Geko 101 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 outdoors into a virtual board
game. Other specifications include a
1.8-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

Motorola's 100th Anniversary
Harley-Davidson cell phones,
available in two styles.
Courtesy of Motorola, Inc.

o, 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 versions of its
V60i mobile phone, offering a choice
of black-and-leather or chrome-on-
chrome designs — both engraved
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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
other 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 market reports.

The phone is available in three
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 variety of wireless
carriers. The price of the phone
depends on the service and options
you select.

There are also unconfirmed
rumors about a set of Harley-
Davidson Tupperware coming out
later this year, which would be great
for keeping cupcakes fresh while you
and the gang are terrorizing small
towns.

PC Industry Doing Okay
After All

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 research 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 percent), and all
| others.

1 Electrical Engineering Quiz

Who is this mystery woman?
Photo courtesy of Anthony Loder.

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 munitions 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 feature film.

4. Thomas Edison's wife,
Gertrude, before 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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quencies (corresponding to the keys on ! Referred to as "spread spectrum" ‘ curiosity is killing you, is a Czech pro-
a piano), they originated the technique communications today, the technique duction called "EXTASY," made in
of transmitting information synchro- is widely used in cell phones, pagers, 1932. It was greatly admired by Benito
nously on constantly changing defense satellites, and other devices. \ Mussolini, who owned a personal
frequencies. They were granted a For details, visit www.hedyla | copy.

patent on the concept on August 11, marr.org. The
1942, and immediately offered it to the aforementioned

US military. film, in case
Do you remember the nights you
laid awake asking yourself
s TN “What ever happened to the CueCats?”
ST, EPROM+ It’s Simple
32 MEG

+ EXCEPTIONAL POWER FOR THE PRO
+ EASY-TO-USE FOR THE NOVICE
Here’s what you get: A rgged, portable programming unit including the power pack and printer port

CueWho?? CueCat a Simple
feats vhich let you READ, PROGRAM, COPY L RE plus much more. You have full access t
g T R L R e AT IL TE Low Cost Barcode Scanner
S-RECORD and BINARY files. For detailed work the software provides a full screen buffer editor including a Keyboard or USB Interface

z 5

; A device programming system we

cable both of which'store inSide the case. A real printed user and technical manual which includes schematic diagrams

for the programming unit plus diagrams for all technology family adapters®. Comprehensive, easy-to-use software

comprehensive bit and byte tool kit with more than 2 ions. = =
Broad device support: ixluding FIRST GENERATION EPROMS (2708, TMS2716%, 25XX etc.) Electro Mavin 42 years of Bargains,

complete info at www.arlabs.com
G Ot E IVI N
which is specifically designed to run under Windows ME and DOS on any speed machine. The software has
SECOND GENERATION EPROMS (2716-27C080)(8 MEG), 40 and 42 PIN EPROMS* (27C1024-27C322)(32 MEG)

Espnoms<zxm.:x(81mm_us ERS901, FLASH EPROMS (28F,29C 29EE, 29F)(32 MEG), NVRAMS (12,20,X2210/12) Quality, and Customer Satisfaction
8 PIN SERIAL EEPROMS* s, 57

BIPOLAR PROMS* (748 “ONFIGURATORS 800-421-2442 or FAX 310-632-9867
MICROS® (874X 875X.8 89C) ATME $°(895,90S

PIC MICROS" 8, 18, 28, 40 PIN (12CXXX,16C3 !

MOTOROLA MICROS* (68705P3 3, 68HCT0SC8/C9/J2/P9, 68HC11 all families) E-Mail john@mavin Ccom

In cludes step-by-step tutorial plus madion oL EFTOM findin $7.00 SHIPPING + $6.00 C.0.D. t - / / H

1 YE AR WARRANTY - 30 DAY MONEY BACK GUARANTEE : . . . WWW.m m
*REQUIRES SNAP-IN ADAPTER (ORDER FACTORY r:ﬁu_m (m\m‘un yourseLr YISA @ MASTERCARD e AMEX hi p n - av. n. co

ANDROMEDA RESEARCH, PO. BOX 222, MILFORD, OHIO 45150 We Buy New Unused Technical Product,
(513) 831-9708 FAX (513) 831-7562 Military and RF Connectors Our Specialty

\website - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE L',S..-\J

et No-Touch Thermometer Want More
Actual Size Take exact temperature readings with Jameco @ Home?

this tiny beauty in tight, unreachable or
hazardous locations, from a safe distance

Call Today for a
and without the need for contact with the FREE Catalog
target. Just point the integrated laser 1-800-455-6119
i pointer at the spot you want to measure Mention VIP# NVE
Bo—cih- and get a precise reading on the large,
digital display.
———— The data-hold/ max-hold allows easy  99% In-Stock
recording and comparison measurements, o Low-Price Guarantee
d a wide t -58°
an e: wi 'e emperatur.e range ( 58F to « 24/7 Service
e +518°F) gives you maximum flexibility.
mEON e At 2.7 ounces you can carry it anywhere. * Popular & Hard-to-Find ltems

Flip a switch to shift from °F to °C for
different applications. The 6:1 field of

view can pinpoint hot spots easily. AM E‘ :OR
: Works with two AAA batteries (included). J___
el ELECTRONICS
i 51?;é65$ RS P/N 219361EA Only $59. 99 1355 Shoreway Road, Belmont, California 94002

| Saa Order Now! 1-800-455-6119 or www.Jameco.com/NVE
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with T| Byers

Electronics Q& A

B e O ————————

In this column, | answer
questions about all aspects
of electronics, including
computer hardware,
software, circuits, electronic
theory, troubleshooting, and
anything else of interest to
the hobbyist.

Feel free to participate
with your questions, as
well as comments and
suggestions.

You can reach me at:
TJBYERS@aol.com.

What's Up:

Lots of designs for capacitors
and relays. Two very simple
expanded-scale voltmeters
and a game show buzzer.
More places for hard-to-find
parts, and places to find PCB
software and services. Finally,
a reader demonstrates his

555 math skills.

Everything For Electronics

INUTS & VoLrrs
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Supercapacitors
Upstage Super
Battery

We have an old self-winding 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 each, and they only last about
nine months. The clock rewinds every
hour — a procedure that draws 200
mA for about 15 to 20 seconds. 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 output. Do they
make such an animal, or do you have
a circuit that will serve the same func-
tion?
Michael K. Lenihan
via Internet

. . American Science & Surplus
(847-647-0011; www.sciplus
.com) sells two wall-warts that fit your
requirements. Catalog numbers:
33615 and 25779.

However ... if you still want to
keep your clock battery-operated, you
can. Thanks to a technology that
packs a whopping 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 alkaline cells.

These new capacitors are called
double layer electrolytics, or superca-
pacitors. The supercapacitor resem-
bles a regular capacitor with the
exception that it offers very high
capacitance in a small package.
Whereas, a regular capacitor consists
of conductive foils and a dry separa-
tor, the supercapacitor crosses into
battery technology by using special
electrodes and an electrolyte. The
most common structure is the double
layer formed by an activated carbon.

Rather than operate as a main
battery, supercapacitors are com-
monly used as memory back-up in
PCs. Another application — and the
one | will exploit here — is to improve
the current handling of a battery. The
supercapacitor is placed in parallel
with the battery terminal and provides
current boost on high load demands.

In terms of charging method, the
supercapacitor resembles the lead-
acid battery. Unlike the electrochemi-
cal battery, though, the supercapaci-
tor can be recharged and discharged
an unlimited number of times.
Moreover, the supercapacitor doesn't
require a full-charge detection circuit.
Supercapacitors take only as much
energy as they can accept. There's no
danger of overcharge.

Now, let's get down to the busi-
ness of applying this technology to
your clock. First, we need to deter-
mine the size of the capacitor. This is
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done by calculating the
power needs of the clock in
comparison to time. This
information is important
because, unlike a battery,
the voltage across the
capacitor quickly decays
with time (Figure 1). In
fact, within the first time
period (a capacitor's dis-
charge time occupies five

) e 28 A

0 1 2 3
Time Constant

time periods), the voltage
declines to 37 percent of
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100 Figure 2 ‘

Clock

Supercap Clock

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 period
is t = RC, where t is the time in sec-
onds, R is the series resistance in
ohms, and C is the capacitance in
Farads. The resistance can be calcu-
lated from R = E/I, where E is three
volts and [ is 200 mA (15 ohms). Now
we know that the time it takes to
rewind is 20 seconds and the resist-
ance is 15 ohms, so by rearranging
the equation to C = t/R, we discover
that the capacitance for the first time
period is 1.33F. Remember, though,
that we have to sustain the voltage for
one-fourth that period, which increas-
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 take up a

hours. (Overvoltage ‘
causes the ESR to rise |
rapidly to the point | 4y
where the cap goes isup;m:r %
open.) Use a five-volt
supercap, or two 2.5-
volt supercaps in |
series. Mouser
Electronics (800-346- |
6873; www.mouser
.com) has a very good

Figure 3
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selection of supercaps
at reasonable prices.

Expanded-Scale
Voltmeter

I have a 13-volt power supply
that | use with my mobile trans-
ceiver and would like to monitor its
output voltage. Is there any way to
make a meter that reads 11 to 15
volts full-scale?

Dan Supplee
Edmonds, WA

. . What you're asking for is an
“Wexpanded-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. The zener doesn't
start conducting until the input volt-
age exceeds the zener's voltage rat-

ing. At this point, the resistor gener-
ates a voltage that's equal to

Vresistor = Power Supply In - Vzener.

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. | 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
11-volt zener. If you wish, you can
make an 11-volt zener by stacking
zeners of lower value (e.g., 6.2V and
4.7V = 10.9, close enough)

whole lot less room!
To charge the capaci- ]
tors, you'll need two AA |
alkaline batteries wired in ‘
series (Figure 2). A cur-
rent-limiting resistor pro-
vides isolation from the ‘
current surge and the bat-
teries. A 100-ohm resistor |
will limit the draw from the |
batteries to 30 mA and |

icroprocessor
Training System

Easy to Use

8085A Microprocessor

Standalone Use

Tools for the Imagination

Spedalty Products) ¥

=)
t

%

f Micro Modules X

PC Connectivity | Manuals on CD
recharge the capacitors in ‘
about 15 minutes Self-Instruction Application

3 X . . ¥ Manual Manual

Projecting this profile for- |
ward, the AA cells should Serial Port Lab Manual
last about a year before

Analog l/O Digital /O

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 |

and the 3.3 volts of fresh | s

AA cells will render a 2.5-
volt unit useless within
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Another 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
absolute sum of the two regulators.
The range is limited by the full-scale
reading of the voltmeter. With the
regulators in the figure, a 0 to 5-volt
meter reads 10 to 15 volts; a 10-volt
meter would read 10 to 20 volts.
Again, a DMM is a suitable meter
substitute.

Good-bye Thumper,
Revisited

é“% In the Jun. ’01 issue, you
“danswered a question about
delaying the turn on of the sub-
woofer to remove the thump. On my
bench, this idea just won't work. For
one thing, the time delay is only
about one second. Moreover, the AC
power to my load (a 150W bulb)
shows only about half of the line volt-
age is available — an observation
that my scope confirmed, in that
one-half of the sinewave is clipped
off. Help! I've put a lot of hours into
this and have run out of ideas to try.

Terry Peters

via Internet |

53 . You are quite right. That circuit
47 Bonly switches half the waveform,
which is sufficient to power my sub-
woofer (it uses an off-line switching
power supply). What you're looking
for is a fulllwave switcher, which
would require the addition of a triac
driver (MC3010). However, a simpler
design is done using a mechanical
relay and a capacitor, as shown in
Figure 4.

When power is applied, capaci-

tor C1 begins to charge through the
relay coil, which causes it to pull in
and open the contacts. You may
notice that | have a 24-volt relay con-
nected to the rectified 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 C1 charges, the current
decreases. When it drops below 1
mA, the relay drops out and the AC
circuit is completed. Using the values
shown, the delay time is about three
seconds. For longer delay times, par-
allel additional capacitors across C1.
The capacitors are garden variety
photoflash units you can find in dis-
posable flash cameras, like the
Kodak Max and Fuji Flash.

Progressive
Component Video

9. What does the "P" stand for in
Y/Pb/Pr? | know Y/Cb/Cr is
Luminance/Component
(blue)/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 Specialist
Samsung Electronics America, Inc.

It means Progressive, and
£ %is short for the full
phrase Progressive Component.
The designations are the
same — Luminance/Progressive

(blue)/Progressive (red).

Soldering Tip: Use

Shrink Wrap

Do you think using locking for-
‘ceps to hold a resistor flat

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
using a third-hand type of clamp or
vise?
Bob Cochran
Greenbelt, MD

% - I wouldn't use forceps for fear of

#"%cracking the resistor, and I've

never had much use for a third-hand
clamp. | find them fragile and
unwieldy. | 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 short
hook (Figure 5). Flip the board over
and solder.

For larger projects | use clear
plastic shrink 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 supply
stores. | first stuff the PCB with the
parts, slide it into the plastic bag,
then shrink it with a hair dryer. | then
use an Exacto knife to remove areas
of the plastic for soldering.

Printed Circuit
Board Software

\. Can you recommend software
or creating the artwork to pro-
duce printed circuit boards? I'm look-
ing for something inexpensive
(under $100.00) and simple to use.

Al Lovecky
via Internet

I use CircuitMaker 2000
rofessional for the artwork you
see in my column and articles.
Unfortunately, it sells for a hefty
$995.00. However,

é .

10k
12W

Digi-Key
Z757
24VDC

i

pli=gt "~
Lead— =

o Iron

Figure 4

c |
5
160uF s = — |
100k ™ 330v - \
320uF 0.1
330V Poov
|

Time Delay Relay

r PCB—:ﬂ@—: 1. Insert lead

through PCB hole

2. Bend lead and
snip to length

3. Apply heat
and solder

you can download a
decade-old version of
this PCB layout soft-
ware — EasyTrax or
AutoTrax — from our
web site (www.nuts
volts.com). A more
ambitious freeware
package Eagle Light
Edition, from CadSoft
(www.cadsoft.de),
includes both
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Buzzer

quickest 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.

schematic capture and PCB layout.
All three programs will output to a
printer, the page of which you can use
to produce a PCB using a variety of

board is about $0.20 per square inch
(80.03 per cm2, to be exact) and
80.40 per square inch for double-
sided, and there are no size restraints,
small or large, as long as your design
fits on a 30mm-by-30mm board.
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.

And The Winner Is!

| need help on a grade school
% teaching project for my friend's
daughter — a student teacher. The
project is for a 5th grade "learning
quiz." The objective is to see which

Carl Kolenda
Troy, Ml

. 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.

techniques — methods that

we have covered in past |

issues.

If you're willing to |
accept free "vertical" PCB
software in exchange for a
locked-in PCB service — |
proprietary software that
forces you to subscribe to a
PCB service (see "Printed ‘
Circuit Board Design/
Prototyping Basics," April
2003) — there is |
ExpressPCB (www.ex
presspcb.com), who will |
deliver three double-sided

The Standard for checking
Capacitors in-circuit

Inexpensive enough to pay for itself in just
one day’s repairs. At $179, it’s affordable.

Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
JVC, NASA and thousands
of independent service
technicians.

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?

Your DVM shows the same shorted reading all
along the pcb trace. LeakSeeker 82B has the
resolution to find the defective component.

$179

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.

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

LeakSeeker 82B

. _Available at your distributor, or call 561-487-6103
Electronic Design Specialists www.eds-inc.com

mini-boards  (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- | CapAmllyzer 884
ate Protel PCB files; most
can — is from Futurlec
(www.futurlec.com). The
price for a single-sided
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l NUTs & Vours

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.

More Heathkit
Sources

lock 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. | have had this clock for many
years and got attached to it. However,
the clock chip is defective — Heath
P/N 443-702 — and | cannot find a
replacement for it. | tried looking in
the SK and NTE manuals with no

luck.

M. Sajor
Freehold, NJ

[ get a lot of requests for
#“SHeathkit parts and information. |
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 | need to repeat
it with an update. The part you
request is available from
www.d8apro.com/heathl.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.

96

| have a Heath GC-1197 digital |

l

Surplus Is Source
For Small Motors

“%- I need to buy a Mabuchi motor
(RF-300S-12350) for a JVC DVD

player. However, no one wants to sell

parts anymore in this throw-away

society. I'd appreciate any contacts

you can supply.

John Levandowski

Valhalla, NY

I am looking for a 1.5-volt

w(, replacement motor for my wife's

childhood game (1970 Voice of the

Mummy). Here is what | found on the

motor — JAPAN Mabuchi Motor PM-

26. Can you shed any light on how |
can find a replacement motor?

Ken Edwards

via Internet

/. . Finding small replacement
"“Umotors can be a daunting task.
Fortunately, small motors are plenti-
ful on the surplus market. The trick is
finding the right one for your device
— [ usually go by the physical size
and electrical ratings to find a suit-
able substitute. Two good sources
are All Electronics (800-826-5432;
www.allelectronics.com) and
American Science & Surplus. I
believe 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.

LETTERS

Dear TJ:

Your battery charger solution
using the 555 timer was just what I
needed. | was in the middle of
designing a similar circuit with two
comparators and some logic when |
picked up the Mar. 03 issue. It would
be nice, though, to list the design
equations so everyone can under-
stand how to calculate the resistor
values.

Assuming R1 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:

R3 = (1/3Vcc) Rtotal/Vtriplow
R2 = [(2/3Vcc) Rtotal/Vtriphigh] - R3

|

Cool Web Sites!

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 [-255
from decimal to hexadecimal form.
www.jaworski.com/htmlbook/
dec-hex.htm

Hexadecimal Color Codes

A large hexadecimal chart shows the base-

|6 codes that represent the red, blue, and
green values in colors for the web.
www.december.com/html/spec/
color.html

R1 = Rtotal - (R3-R2).

For known resistor values, the
threshold points are:

Vtriplower = (1/3Vcc) Rtotal/R3
Vtripupper = (2/3Vcc) Rtotal/(R2+R3)

The 1/3Vcc and 2/3Vcc come
from the internal resistor 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 |
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.

M.PF.
via Internet

|

| 470pF

L

Vce

) Figure 7

RI 8

o

Vtriphigh 3
Ou— [
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N
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Modified Sine Wave DC to AC Ipverters TEDTREY L e o

Dimensions: 291mmx 158mmx136mm  ceesry v

gg égg%ﬁg g;g gg CSI13003:0-30v/0-3ampi1-4/$89.00 5+/$85.00 Q.Q Q Q
SP-600WATT..$64.95 | CSIS003:0-50v/0-3amps 14/599.00 5+ /595 s

SP-800WATT...$98.00 Bookmark our WEB Site!Many morePower |
ore Details at web site Supplies are Available. Look Under Test Equipment

12 to 120VA under”’DC to AC Inverters”
CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210

| Creemionthe RemerSevice € 800-528-14171480-464-2485IFAX: 480-464-5824
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Diwwrage Oscilloscope Module Tl

Convert any PC with USB LCD Display

interface to a high performing
Digital Storage Oscilloscope.

This is a sophisticated PC

based scope adaptor providing
performance compatible to
mid/high level stand alone
products costing much more!Ships
with two probes.

output: 0-18VDC
* Current: 0-2A

PC based Digital Stor:
Oscilloscope, 200MHz

'5GS/s equiv. sampling y:
USB Complete details & software
EN— download @ our web site under $59.95 $52.95

item# 200DSO $ 8 69 4 0 O test equipment.
Intelligent DMM

54

withPC Interface HandHeld Digital Storage Scopes
® *Auto-Ranging
*Dual Display

Factory Clearance...Incredible Discount!
*Conforms to IEC1010 g

Normally Sold for $1100.00 +!now onl,

2 AMP 0-18V Bench
* input voltage: 110VAC

Source Effect:<0.02%+1mV
Load Effect:<0.01% +5mV
Ripple & Noise: <ImVrms

:
item # CSI 1802D

With DMM and 16 Ch Logic Analyzer(P3850)

WWW-WE' ronics.

Personal UV EPROM
ERASER
D-ERASE

= $49.95
Erase Up to 4 Chips at a time
Adjustable Timer..4 to 24 minutes

item

Innovative 5 in 1 DMM
IntegratedSOUNLy
LIGHT/HUMIDIJE
SENSORS
DCV/ACV/RES/
CAP/FREQ./TEMP,

*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

$299.00

item# CSI345

Ships with Rubhe e
Boot, RS-232 cable,
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
functions (frequency,period,
total mode & self-check).

Also,a I0MHz OSC.OUT.
Frequency Measurements:

CHA, Range 10 to 100Mhz ~ New Lower Price!

CHB, Range 100Mhz to 1.3GHz $ 1 29 .OO ! !

DETAILS AT OUR
WEB SITE under TEST EQUIPMENT

LED’s/Megabright Blue, White, GREAT PRICES!

ML-—— g e 1 10+ 100+

Megabright Blue Smm (L7113PBC/G) 1400 $1.95 $1.50 $1.25

Megabright Blue 3mm (L7104PBC/G) 600  $1.95 $1.50 $1.25

Megabright White Smm (L7114PWC/G) 600  $2.15 $1.59 $1.35
more technical details @ our web site under SEMICONDUCTORS
FLASHING red 3mm (L36BHD) as low as $.28 ea!

PROGRAMMABLE DC POWER SUPPLY

NEW!!

only
. $199.00 !!

*Stores up to 10 settings for fast & accurate recall

*Backlit LCD display manual pdf available @
*High Resolution (ImV)  web-fronics.com

*PC compatible (with optional RS-232 adaptor module)

*Easy programming w numeric keypad or fast rotary code switch
*Power shut down memory function

SPECIFICATIONS @ web-tronics.com (under test equipment)

item# CST 6100

SALE!
$129.00

Visit our website for a complete listing of our offers. We have over 8,000 electronic items on line @ www.web-tronics.com.

P3850DMM) & $349.00 (p3850)

A bt '
Ly rand New Units/ Not Refurbs!
Intelligent Auto-Ran%n
Our Most Sophisticated
- Large 4 Dig backlit 8000 count s
| dual display & Analog Bargraph.  5060MHz. The
1§ RS232 LR. Interface/software/cable lightweight portable analyzer & is a must

value & Freq. of Min/Max
values: Temperaturein F/C;
4§ relative quantity & error % of
- Mrelative value at the same time...

MORE DATA (@ WEB SITE

RH/LIGHT/SO
CONT/DIODE
CSI 8209

$49.00
More Information (@
WWW. WED-Ironics.c

RF Field Strength Analyzer
The 3201 is a high quality hand-held RF
Field Strength Analyzer with wide band
tion rangini from 100kHz to
3201 is a compact &

50Ms/Sec. Sample Rate
Built in DMM

Built in 16 Ch Logic Anal.
RS-232 Port & Software

DMM
Ever!
1699.

for RF Technicians. Ideal for testing,
installing & maintenance of Mobile
Telephone Comm systems, Cellular
Phones,Cordless phones, paging systems,
cable &Satellite TV as well as antenna
installations.May also be used to locate
hidden cameras using RFtransmissions
Extensive Tech Details & a Special Offer
At Our Web Site (www.web-tronics.com)

3T89:00_
FLUKE

Visit our web site & view
our extensive offering of new
FLUKE TEST EQUIPMENT.
Just go to our home page &
selectTEST EQUIPMENT.
We’ve got great deals

New !

FLUKE COLOR SCOPES

GREAT 1/4 Watt Carbon FilmResistor Deal !

1-199 200 1000
507 __s01 5003

as low as
$3 ® Q 0 (qty. price !reais are ior !e
ousand same value resistor. 200 lot

per

5% tolerance/bulk packed Pricing & 1000 lot pricing
All Standard Values based on ordering in multiples
from 1 ohm to 10 meg ohm 0f 200 or 1000 of each value)

BAG of LEDs DEAL 100 LEDs for $1.50 !!

B = Normal brightness leds now available
N ; in RED or GREEN in 3mm or Smm size.
== S e Your choice. Each bag of 100 costs $1.50 !

Ethat’s 1.5 cents ea.!) Each bag contains

; 00 of the same led.
BAG-RED 5mm....$1.50 BAG-GREEN 5mm..$1.50
BAG-RED 3mm...$1.50 BAG-GREEN 3mm..$1.50

PE

Circuit Specialists now carries
Ii’EST EQUIPMENT

FLUKE

based data acquisition, industrial computers, loads of test equipment, optics, 1.C’s, transistors, diodes, resistors, potentiometers,

motion control products, capacitors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printed
circuit supplies for PCb fabrication, educational D.L.Y.Kits, cooling fans, heat shrink, cable ties & other wire handleing items, hand
tools for electronics, breadboards, trainers, programmers & much much more ! Some Deals you won’t believe !

CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210
800-528-1417[480—464—2485”:“# Wu Clrgle #145 on the Reader Service Card.




Sensors!

expand the capabilities of your next Basic stamp® project with a sensor from parallax. we
stock an entire line of sensors that are compatible with the Basic stamp microcontroller. For
implementation in your projects, the sensors require a BAsic stamp and programming board.

The FlexiForce is a thin-film sensor with linear
output to pressure. The active sensing area is a
0.375” diameter circle at the end of the sensor:
The conductive leads make connection to a
breadboard or through-hole area simple. The
\ FlexiForce has an ideal output for analog to
“o N\ digital conversion - 0 V is no_force and 4.2 V
\ is 100 lbs. The RCTIME command
could be used with a LOOKUP table
or calibration formula to execute some
math to make the output useful.
Flexiforce SENSOr;

The Memsic 2125 s
a low cost, dual-axis
thermal  accelerometer
that s capable of measuring dynamic
acceleration (vibration) and static acceleration
(gravity) within a range of *2g For integration
into existing applications, the Memsic 2125
is electrically compatible with other popular
acceleromelers and s easy to interface to the
BASIC Stamp. Great to use in_your next roboti,
R/C airplane or alarm application.

MEMSIC 2125 DU.aI‘AXIS
Accelerometer; #28017; $25.00

sof 0.03%. The SHTX comes from

The TCS230 sensor module set is a
complete color detector, including a
TAOS RGB sensor chip, white LED:s,
collimator lens, adapter board, and
connecting cable. It interfaces
easily to any BASIC Stamp
and can detect/measure
a huge range of colors.
Applications include
color edge-following
robots, color sorting,
and color matching TCS230
color sensor; #30054; $79.00

A smart sensor for both humidity and temperature,
the Sensirion SHTX is factory calibrated so that
it returns temperature with a resolution of 0.01°
C and relative humidity with a resolution

the factory in a tiny package that g
incorporates the analog to digital
interface, all that the BASIC Stamp g
has to do s read out the humidity and
lemperature values through the two-
wire digital serial interface.
SENSIron SHTX Humldlt)/
SENSOr; #28018; $29.00

al  For more information on these sensors and many others
z:: visit our “Component Shop™ in the Products section of

www.parallax.com. Order online 24-hours a day or call
our sales department toll-free at 888-512-1024
(Monday-Friday, 7 a.m.-5 p.m., Pacific Standard Time).

PARALLAX

BASIC Stamp is a registered trademark of Porallax, Inc.

D
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