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Probes. Sensors & A ttachments

Pow er Supplies

Communication Ana~l'zers

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

Sp ect rumAn{/~l'zers

2

Oscilloscopes

For great deals on a wide range oftest and measurement

equipment, look to eRay firs t. With thousands oflistings

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

tofind the tools and instrumentation solutions y our business

needs. Wheth er buying or selling test and measurement

equipment, eRay is the right instrument to use.

unino.eboybusiness.com

Circl e #35 o n th e Re ad e r S erv ic e Card.
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12VDC Fan Dea/!

• 12VDC @ 0.06A D.
• Nidec 'Beta SL', Mod. No. D08A-12TL

. 80 x 25mm (3.125" x 1.0")

• Common PC power supply fan.

HSC# 80153 each $1.95
HSC# 19422 Ca5e(80)$99.00

Pixie2 QRPp Xcvr!!
• TINYL..take it anywhere! 200-300mW.

• Kit inc! all board-mounted parts

• You supply crystal , conn. ' ..
case...etc.

• Use 'walkman' headphones

• Components for 80 & 40 m. supplied

• We have some crystals, call us!

4.3 GB SCSI 1/2 HEIGHT
• ST15150N hard drive

• 21 Hds, 11 Disks, 3,711 Cyl.

• 7,200 RPM, 9.0 mS avg. seek

• HSC 90-day warranty

HSC# 18412
$14.95!

9.1GB ULTRA SCSI
• Seagate ST19 171WC, 80-pin

• 7200RPM, 4.6mS avolatency

• Wide to std . SCSI adapters - 57.501l

• HSC so-cay warra nty

HSC# 18753
$19.95!

POWERWARE 3115 UPS
'Series 3' Powe r 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 protect ion for
PCs, workstations, point-of-sale
systems, network nodes...more!

New, boxed, HSC's gO-day warranty

HSC# 19622

I'

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

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

3.25MB Laptop Drive 50 Watt Woofer 16MB AGP Video!

. 1U (1-314") high 19" quality -made

• 15-5/8"W x 16"0 - outside dimensions

• Reversable mounting flange

• Pulls from working svc. some scratches

• Fujitsu MHA2032AT, 3.25GB

. 6 Heads, 6372 cyl, to 8.92MB/sec xfer.

• Avg. pos: 13ms., latency: 7.5ms.

• OEM pack, 90-day warranty

• 'MG Electronics' Model No. 6020SH

. 50 Watts RMS, 100 Watts peak

. 40-8000Hz, Free Air: 55Hz

. 90dB SPL, 8 Ohms, 6.5" dia.

• Aluminum voice coil, 20 oz.
ceramic magnet

• New, boxed, wlhole-cutt ing template

• 'v ooocs' video accelerator

• 128-bil 16MB SDRAM

. 16.7M colors at 1600x1200

• 300MHz RAMDAC, refresh to 160Hz

• Multi-filtering...LOTS MORE!

• OEM pk, CD, manual, 90-day warranty

HSC#19437 $19.95! HSC# 80693 $37.50! HSC# 19623 $14.95! HSC#19626

Adaptec ISA SCSI Cntlr.

I
i

• AHA·1535 /1535A - SCSll /SCSI2 conn.

. Specialll - i1MQ with aDY-SCSI HOI

• New units, OEM pkg, 90-day warranty

$24.95!

SCA to SCSI 1 Adptr
• Converts SCSl l to SCA wide

• Standard 4-pin power connector

• Jumpers for LED,SYN,DLY,MTF,IDO-3

• Jumpers & config sheet incl.

• New,90-day warranty
Spec la lll...)ust 57.50 ;
w/imY. SCSI H. Drive •

HSC#SCS3700

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

• SCSI·l , SCSI-2 and Fast SCSI-2

• 50-pin low & high density conn .

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

• Multi·p latform compatibi lity

• New, 90-day warranty

HSC#19434 $24.95

PCMCIA to ATAP/!
• Promise 'Duet Station Trave ler Kit'

• For PC wlType 2 or 3 PCMCIA slot

. Id's as a std IDE/ESDI HD control ler

• New, boxed, w/driver/app diskette

. 90-day warranty

HSC# 19627 $29.50!

Electric Field Meter! 12X SCSI-2 CD Drive Call Recorder
• Measures radiation from cell phones,

microwave ovens, computers , 'bugs',
securi ty, two-way radios...more.

• Range: 1OMHz to 4.5GHz.

• Meter and LED displays

• See pg. 60, Feb. 'OST' mag.

• New, 90-day warranty

HSC# ZAPCKR $89.95

• Fits in PCMICA slot

• For sensitive files/databases

• Personal access security system

• Restricts unauthorized access

• Comes with 2 cards , diskette, manual

• New, retail-boxed, 90-day warranty

HSC# 19433 $19.95

• Sony CDU415

• up to 1800KB (P-CAV) rate

• Plays 11 CD types

• Brand new drive

. OEM packed

. 90-day HSC warranty

HSC#19463 $17.50!

• Store 1000s of calls on your hard drive

• Replay, sort , email, copy & transfer calls

• Adapter goes btw phone & PC

• Win95/98/MElX P/NT ready

• Retail boxed , w/CD, manual, cables

• Factory refurb. FIVE YEAR warranty!

HSC# 80649

500W Transformer!
• 11OVAC input, 0-130VAC output @ SA

• T' dia. (8.5" w/ext) 6.5" high.

• Large knob & scale settings

• Meter shows output level

• Illuminated power switch

• New - 90-day warranty

RAID Controller!

• 'Mylex' Model No. 960P-3

• Up to 32MB, 36-bil SIMM, (4MB min.)

• 1 to 45 drives as one logical drive

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

• Pulls, online support info

Compact Keyboard!
. 88/89 enhanced key layout

• Finger glide mouse function

• Space Saving design

• Only 8.5" x 11.28"!

• Free PS/2 connector adapters !

• New, w/mouse driver diskette and
manual

PCMCIA Card Reader
• SSP Argus 2000 ISA-type reader/writer

• Dual PCMCIA Type 1111, or one Type III

• DOSIW3 .1 driver diskette included

• Win95/98/NT ready

• New, wflnterface , manual
& cab les

$29.50 HSC# 19328 $14.95! HSC# 19410

Terms: Some quantities limited; all items are subject to prior sale. Min imum orde r:
510.00 plu s shipping . Orders under $20 .00 subject to $2.00 handling fee, irlJlQl!illl1n
~. All orders shipped by UPS Surface unless otherwise specified. $6.00 UPS
charge added for COD. Visit our website for detailed information on domest ic and
international shipp ing methods.

Since 1963!...

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

95051

3 Reta illWholesale Locati ons:
Main Off ice - Mail Orde rs ...
3500 Ryde r St. Santa Clara, CA
Santa Clara 1-408-732-1573
Sacra mento 1-916-338-2545
Roh nert Park 1-707-585-7344
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Trainer & Parts

5399.00
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Learning S ~
YStel11

• Quickly Learn Electronics on the Job or at Home.
• Videos Provided Show Analogies for Electronic Components.
• Calculators that Eliminate Mathematics on Every Experiment.
• Oscilloscope and Spectrum Analyzer.
• Over 500 Experiments Provided on CD.
• Money Back Guarantee.Over 150 Parts Included

for More Than 500
Experimentsl
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ORDER AT: emailschool.com or BY PHONE: CALL C&S SALES at 1.800.292.7711

C ircle #16 on the Reader Se rvic e Card. Patent # 6,449,167 other patents pending



PRO ECTS

42 BUILD THE CF-MOSFET AUDIO
AMPLIFIER - PART 2 Vol. 24 No.3
Th is month, construction and implementa tio n of the
CF-MOSFET design are detailed . by G. Randy Slone

ONTHE COVER
48 WATER FLOW METERAND
EVENTTIMER

36 ULTRA-LOW
POWER
RADIATION
MONITOR

Kee p track of your wate r usage plus control yo ur sprinkl ers
w ith o ne system. by Colin Barnard

T he Gadget-O-Rama 2002 2nd place w inner. Keep track of
radiatio n levels in the enviro nm e nt . by Henry Chan

52 BU ILD THE FRAT CHI ME
You won't miss a beat - or bong - at that next lo dge
meeting with this automated ch ime . by TJ Byers

COLUMNS

58 EXTENDING THE RANGE
OF THE DIGITAL
VOLTMETER MODULE
Learn what you can do to improve the
performance of yo ur voltmeter.
by David Pant ing

LASER INSIGHT 78
Get the scoo p on how the Michelson interferometer came to be.

IN THE TRENCHES 91
For Design Engineers facing real-world problems. This month :
Design for Production.

AMATEUR ROBOTICS 82
Discover a simple printfO program that will be a powerful addition
to your next design.

Are fue l cells science fiction o r scie nce fact?
Find o ut wh at th is technolog y has to o ffer.
by George Furukawa

68 FUEL CELL FACILITY
MODEL FOR HOBBYISTS

Bette r watch th at speed! Police cars
an d moto rcycles are ge tting equipped w ith the latest in
w ire less communications an d computer t echnology.
by Bill Siuru

63 HIGH-TECH COP
CARS AND
MOTORCYCLES

80JUST FOR STARTERS
Basics for beginners.This month: Random Thoughts.

ELECTRONICS Q & A 16
What's Up: Plenty of stuff to get the novice hobbyist started.
How to program digitally-controlled devices without a PC
using parts from a junk box. I IW ste reo amp for $5.00, and a
new twist on the 555. Find an OEM using the FCC ID number.

LETS GET TECHNICAL 28
Inside Protected Mode - Part I. Memory Segmentation and
Paging.

Nuts&Volts (ISSN 1528-9885) ispublished monthly for $24.95 peryear byT & L
Publications, Inc., 430 Princeland Court, Corona,CA 92879.PERIODICALS
POSTAGEPAIDAT CORONA, CA AND ATADDITIONAL MAILING OFFICES.
POSTMASTER: Send address changes to Nuts&Volts,430 Princeland Court,
Corona,CA 92879-1300.

MICRO MEMORIES 8
Happy Birthday, Internet!

ROBOTICS RESOURCES 22
Hunting the surplus electronics sto re.

STAMP APPLICATIONS 86
Mo' MIDI.Use the BASIC Stamp as a sensor interface to send
note-on and note-off commands.

TECHKNOWLEDGEY 2003 10
Art ificial retina may restore sight: New motor offers flat
configuration; Discarded computers yield many secrets ; Is your
web site a patent violation?; Project ion keyboard targets mobile
and wireless devices; Headphones for serious audiophiles;
Alternative energy not a great alter nat ive; and IBM, Hitachi form
new company.

97 Adve rt iser's Index

72 C lass ified Display Ads

26 Electro-Net

56 Elect ronics Showcase

40 New Product News

DEPARTMENTS

76 NY Bo o ksto re

6 Publisher's Info

6 Reader Feedback

94 Tech Forum
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The End of An Era
* Poptronics Ceases Publication: Poptronics magazine - which evolved from the former
Popular Electronics and Electronics Now magazines - ceased publication with the January
2003 edition (Vol. 4, No I). "After 94 years of publishing electronics magazines Gernsback
Publications is no longer in operation," said Larry Steckler, Poptronics' editor-in-chief and
publisher.

As many of you may already know,Nuts & Volts has agreed to complete existing
subscriptions to Poptronics.We welcome our new readers and hope you enjoy Nuts & Volts!

Dear Nuts & Volts:
Kudos to Lou Frenzel for the "Open

Communication Part 3: Broadband
Communications" article. It is an
extremely well-written article and covered
all of the key points in a logical
progression.

Mike
via Internet

Dear Nuts & Volts :
Gerard Fonte seems to have missed

the point that junction capacitance does
not stop varying when an LED is back
biased - it continues to be inversely
related to the virtual gap between the
capacitor plates.

William Vonwicklen
Oxnard, CA

Response from Gerard Fonte:
Mr. Vonwicklen is correct in stating

that a reversed-biased LED will vary in
capacitance. The table I have shows
that an IR LED will vary from about 100
pF to 50 pF going from 0 to minus eight
volts. However, that wa s not my point.

My points were to show that a very
large capacitance change occurs with a
forward voltage change. In this case,
from about 100 pF to 400 pFgoing from
o to plus 1.2 volts ( the threshold
voltage). This was also to suggest that
an LED might be used to replace the
365 pF tuning capacitor in old AM
radios. The second point is related. That
is the positive voltage is applied to the
anode rather than the cathode (as with
variable capacitance diodes) for such a
change. Thanks for the opportunity to
respond. I always appreciate feedback
from readers.

Gerard Fonte

Dear Nuts & Volts:
Thanks for G. Randy Slone's excellent

article in Feb. 2003 Nuts & Volts about
the lOOW audio power amplifier. I don 't
think I have ever read a more thorough
description of a circuit. The article made
me uncomfortably aware of large gaps in

my knowledge of solid-state electronics,
but Mr. Slone has a way of explaining
things that kept my attention long enough
so that some new understanding actually
soaked in. Very interesting and
educational reading.

Max Carter
Wheatland, WY

Dear Nuts & Volts:
Although the MITS Altair 8800

computer had a tremendous impact on
the development of hobby computers, let's
give predecessors their due . Ed Driscoll's
history (Jan. 2003, pg. 26) misstates that
the Jan. 1975 cover of Popular
Electronics launched an industry.
Actually, the July 1974 issue of Radio­
Electronics magazine featured the Mark-8,
a hobby computer based on Intel's first
eight-bit processor, the 8008.

If any magazine cover launched a
revolution in computing, that one should
get the title. Also , let's give credit to lesser­
known computers such as the Scelbi and
computer groups such as the American
Computer Society. Just because people
can't remember or have no knowledge of
these historic efforts, they still played
important roles in getting us to where we
are today.

Jon Titus
via Internet

Dear Nuts & Volts:
I am a technician with Digi-Key Corp.

and I had a customer point out an error in
one of TJ Byers articles. The article
appeared in Oct. 2002, page 38, titled
"Fixing Broken Keypads."

TJ Byers states in the article that the
rubber keypad repair kit CW2605 contains
3.3 oz. of repair material and CW2610
contains 11 oz. of repair material. This is
wrong , the CW2605 contains 3.3 grams or
0.12 oz. of repa ir materia l and the
CW2610 contains 11.1 grams or 0.39 oz.
of repair material.

Bruce Olson
Technical Support

Digi-Key Corp.
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SELECT FROM OVER 800 PRODUCTS ON-LINE
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IN
STOCK

I NOW/

WIRELESS IR TX/RX PACKAGE
- 2.4 GHz AN Sender & IR Repeater
• 4 Channel Selectable Frequency Range Allows

for Multiple Transmitters on Single Receiver
- Infrared Capabilities Allow Repeating of IR Signal

at Receiver (VCRrrV Remote)
AC Adapter Included ~'

• Receiver Equipped with
Auto-Switching ..L. ~
Capabilities ..... ..

SAV-2000 $69.95

2.4 GHz AUDIO/VIDEO
RECHARGEABLE COLOR CAMERA

SMWS·01 $189.95

- First Wireless Camera Designed For Extended
Operation on a Battery (15 hoursll l )

- Four Channels with Audio
- Four LED Channel Indicators
- Built-in High Gain Antenna ..
- Ultra Compact Design
- Excellent Choice For Your

Covert Applications

MWC-01 $189.95- "

INDOOR/OUTDOOR COLOR CAMERA SYSTEM
- Complete 4 Color Camera Monitoring System
- Centralized Switcher Equipped with Auto Sequenc ing
- Each Camera Equipped with Microphones for Audio Monitoring
- Sees in Extreme Low Light (0.5 lux)
- Built-in Infrared Illumination in Each Camera
- Perfect for Your Home or Business

LPD-400S $319.95

2.4 GHz 4 Channel Camera
- Wireless Portability
- Desktop or Wall Mount
- Our Smallest System Yet!
- Rechargeable NiMH Battery
- AC Adapter Included

Complete Package---_..

Complete Package Pictured Here!

4·CHANNEL 2.4 GHz WIRELESS CAMERA

SSD-DM1 $399.95

1/3" COLOR IR DOME CAMERA WITH PAN/TILT/ZOOM
- Speed Dome Camera
- Smallest PanrriltlZoom Camera Available
- Pans 355~ Tilts 85~ 3X Digital Zoom
- Built-in Microphone for one-way monitoring
- 113" Sony CCD Chip
- 3.8 mm Lens provides 470 TVL

MB·780U
BIW BOARD CAMERA

$29.95

20 Different
Models Available

BOARD CAMERAS

- Direct VCRlTLR Replacement
- Front Panel Navigation Panel
- 40 GB to 200GB Available Storage
- Compatible wlMultiplexers & Quads

- 4.3 Pin-Hole Color Camera
- 78 Degrees of Viewing Angle
- 113" Sony Super HAD CCD
- Unique Cone Lens
- High Resolution, 420 TVL

.~ . . ~ . - - I

- BIW Camera wi IR and Patch Antenna
- Power Supplies, Cables, Stand Included
- Multi-Channel Switching Features
- AudioN ideo Real Time Transmission
- Battery Compartment for Portable Use

WS-IR100 $149.95

INFRARED!

$399.95 DVR-150-40GB $459.95
$489.95 DVR-150-160GB $649.95
DVR-150·200GB $759.95

2.4 GHz WIRELESS
IR OBSERRVATION SYSTEM

LP-700B $89.95

- 2.4 GHz Wireless Camera
- 3.6 Lens offering 330 TVL
- Rechargeable Internal NiMH Battery for Monitor
- 6 LEOs allow for Incredible Night Vision
- 4 Channel Usability
- Receiver Equipped with Auto-Switching Capabilities

LP-700C $149.95

5" TFT MONITORING SYSTEM

\

w/COLOR CAMERA
WM-RC01 $319.95

echargeable

- Single Channel DVR
- Designed to your specifications
- Fully Upgradeable Internal HOD
- Hot-Swappable IDE HOD Bay

SINGLE CHANNEL DIGITAL VIDEO RECORDER

PV-140AlB/C/D $299.95

DIGITAL MONITORING & RECORDING SYSTEM
- Your Own Commercial Grade Digital Security System
- Multi-Zone Video Motion Detector
- Real-Time Digital Video Recorder (DVR)
- Can View Up to 16 Individual Cameras
- PV·140 Pack Discount - $1099 .00

MICRO·COMPACT CONE·LENS CAMERA

DVR-150-0GB
DVR-150-80GB

800·308·6456 WWW.POLARISUSA.COM 800·308·6456
Circle #73 on the Re ad er S erv ice Card .
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Micro Memories by Ed Driscoll,Jr.

Micro
Memories
Happy Birthday Internet!

Vinton G. Cerf
Courtesy ofthe
Computer History
Museum .

On January 1,2003, while you
and I were celebrating a new
year, the Internet was quietly

enjoying a milestone date of its own:
The 20th anniversary of its switchover
to the TCPl iP networking standard,
which radically transformed it from a
network that connected military and
university mainframes to the sprawling
"information superhighway" th at
reaches into hundreds of millions of
homes, businesses, and schools, and
has radically transformed the lives of
its users.

The original Arpanet first went
online on October 1, 1969. As we've
written about in past columns of Micro
Memories, the first computers were
created im mediately after World War
II. By the 1960s, serious science fic­
tion writers like Arthur C. Clarke,
visionaries like Marshall McLuhan, and
futurists like Alvin Toffler were writing
both about the future of computers
and the ongoing effects that technolo­
gy was having on everyday lives.

One thing was apparent to all of
them: computers had the potential to

'"!:i
~
I~ I Sigma? I
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h-
!~ 1969 FOUR-NODE MAP.Z Courtesy ofthe Computer History Museum.
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shrink the size of the planet, especial­
ly if they were joined together via
some kind of interconnected network.
McLuhan wrote about "a global vil­
lage" in the mid-1960s; the Internet
sealed the deal when Mosaic - the
first graphical browser - became
availa ble in 1993.

Arpanet: The
Internet's Ancestor

What none of those late 1960's
writers realized was that the US gov­
ernment was thinking similar
thoughts. The government's concern,
however, was not with creating some
sort of global village , but surviving a
nuclear war. In 1998, I interviewed
Louis Rossetto, the founder, then CEO
and executive editor of Wired maga­
zine - in his office in San Francisco ­
and asked him how the Internet
began.

"It was set up by Arpa , which was
a research arm of the defense depart­
ment, to connect researchers together
in an atomic bomb-proof network. So
instead of having direct land lines , they
had a distributed network that passed
messages along. So that if you took a
nod e out of the network, the messages
could route around that node, in the
event of a nuclear attack. So if one
computer went down , it didn't screw
up the whole system.

It gradually became popular in the
academic community. People used it
to communicate with each other, and
then, in effect , to publish on it. And
then gradually more and more people
got interested in using it for communi­
cations and ultimately for publishing,
and now for commerce."

Arpa stands for the Advanced
Research Projects Agency, and it was
founded in 1958. The original name

changed in 1972 to Defense Advanced
Research Projects Agency, to reflect
its assimilation into the Defense
Department. Arpanet - established in
1969 - was the first wide-area com­
puter network and the direct precursor
to the Internet. Arpa built it as a
research-sharing tool. By the 1980s,
Arpanet was overshadowed by the
National Science Foundation's high­
speed NSFNet backbone and the
regional networks connected to it .
Around this time, people began to
think of this interconnected collection
of networks as an Internet.

"I Survived the
TCP/IP Transitionl"

What made that change from a
military and collegiate networking
scheme to a network open to virtually
anyone (and eventually everyone) was
the changeover in 1983 from NCP
(network control protocols) - the orig­
inal networking standard that Arpanet
ran on , which dated back to its begin­
nings - to its now familiar TCPl iP
(short for transmiss ion control proto­
co l/ internet protocol ) format on
January 1, 1983. Prior to that, the
number of computers connected to
what was then known as Arpanet was
below 1,000 and the number of
Internet hosts was at about 200. It's
not a coincidence that in 1984, the
number of hosts cracked 1,000. As of
2002, there were 172 million host
computers supporting some 600 mil­
lion subscribers!

TCP (Transfer Control Protocol) ,
outlined in a 1974 paper by Vinton
Cerf and Robert Kahn , was originally
introduced in 1977 for cross-network
connections, and it slowly began to
replace NCP within the original
Arpanet. TCP was faster, easier to use,
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salesa>ivex.com
Tel: 503-531-3555

ADV 11

Support on the Web
Ivex supports you with 24 hour technical
support available wit
dist al
q t
br n tlie knowledge of our
support staff from hundreds of
questions asked by real
customers.

Ivex Complete Electronic CAD'
for Windows sets the stage for

your next big idea!
All the tools you need together at a specia l
bundle savings!

CAD Symbols
Ivex CompleteBasic 650 has over 26,000
electronic symbols re ! Choose
fro f
D
L ices, and so much more. Plus, you
can create your own symbols and store them in
your own libraries.

Ivex Com: lete Basic 6 0
Schematics
PCB Layout
Web-based Manufacturing
Full year of live telephone support

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

and less expensive to implement than
NCP. In 1978, IP (Internet Protocol) was
added to TCP and took over the routing
of messages.

Someone once said that "the great
thing about you Americans is that you
have so many standards to choose
from." But it was obvious to the original
users of Arpanet that a single set of
standards would speed the growth and
acceptan ce of the network. TCP/IP was
chosen to provide a bridge for small
networks to connect to the Internet
much more readily than they could
with NCP. The links branched in every
direction, hugely increasing the num­
ber of people connected within a sin­
gle, broad system of information and
communication.

Some sites were given a grace
per iod of a few months, but by the
sp ring of 1983 , any system that had
not converted to TCP/IP was bumped
off the network. Six months after the
switchover, Arpanet was split into the
two subnets, Arpanet and Milnet, which
became the side of the network that
represents the military side of the orig­
inal Arpanet, carrying non-classified
US military traffic.

Bob Braden - another Internet pio­
neer who was active in the Arpanet
Network Working Group in the 1970s
and contributed to the design of the
FTP protocol - recently told Australia's
Sydney Morning HeraLd that "there
may still be a few remaining T-shirts
that read , "I Survived the TCP/ IP
Transition."

People sometimes question that
any geeks would have been in machine
rooms on January 1. Believe it! Some
gee ks got very little sleep for a few
days (and that was before the word
"geek" was invented, I believe)."

The other gradual advantage of
TCP/ IP is that it opened up the Internet
for non-ac ademic or defense users.
Prior to 1983 , most early adopters who
had connected their PCs to modems
(se e the Nov. 2001 Micro Memories )
weren't visiting the Internet. They were
either connected to small regional bul­
letin boa rds , or proprietary serv ices
such as CompuServe or The Source.

But a seemingly minor change set
in motion the Internet we know today.
So Hap py Birthday, TCP/IP! And
Hap py Birthday, Internet! NV
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Advanced
Technologies
New Motor Offers Flat
Configuration

W ith su pport from the Defense
Advan ced Research Projects

Agency (DARPA), engineers at Penn
State University (www.psu.edu) have
developed an interesting flat motor for
use in limited spaces. The prototype
runs at an unloaded speed of 760 RPM
and provides torque of 0.4 newton­
meters (0.3 foot-pounds). The inven­
tors believe that the patented motor
can be used to drive changes in the
camber of airplane wings or fins, essen­
tially shape-shifting the curvature of
the wing or fin surface. In alternative
formats, the motor could work in tight­
ly integrated spaces, for example, as
the drive element in thinner, lighter lap­
top computers or in manufacturing
equip ment that processes things by
moving or shaking them.

The motor works by converting
the bending motion of a "smart" mate­
rial into the turning of a shaft. The
material in this case is PZT (lead zir­
conate titanate), an inexpensive, com­
monly-available piezoelectric that elon­
gates when an electric field is applied
to it. By bonding PZT to both sides of a

10

tiny, flexible, metallic str ip, one obta ins
an "arm" that can bend to the left or
right in response to an electric field.

In the motor , 12 such arms are
arranged in a starfish configuration
around a central shaft. When the arms
are electrically stimulated, they all bend
in the same direction. A mechanical
clamping system then holds the ends
of the arms in place so that, when the
electrical field is removed, the shaft
turns like a ratchet. Repeated stimula­
tions generate the rota ry motion.
Components for the prototype cost
less than $150.00 off-the-shelf. It is esti­
mated that an optimized version of the
flat motor might cost as little as $10 .00
in mass production.

Artificial Retina May
Restore Sight

There presently is no cure for
degenerative retinal diseases that

have caused hundreds of thousands of
people to lose their sight. However,
researchers at the US Department of
Energy's Argonne National Laboratory
(www.a nl.gov) - in collaboration with
four other national laboratories, two
universities, and a private company ­
are moving a step closer to developing
an artificial retina that may restore
sight to people who have been blinded
by these diseases.

The goal of this consortium is to
work together to create an artificial reti­
na that would effectively replace the
destroyed rods and cones in the eye
with a light receptor and optical signal
converter. The concept is based on a
tiny camera and RF transmitter
(mounted on a patient's glasses) that
capture images and transmit the infor­
mation to a microchip. The image is
then transmitted as electrical pulses to
the retina via an array of implanted

electrodes. From there, the information
is processed and passed along to the
brain.

Argonne's role in the project
relates to development of the electrode
implants , which are based on a patent­
ed ultrana noc rystalline diamond tech­
nology developed at Argonne for the
packaging of implantable electronics
and as electrode material. According to
material's scientist Orlando Auciello,
ultrananocrystall ine diamond has a
unique combination of properties
including the highest hardness of any
diamond film, an extremely low-friction
coe fficient and surface adhesion , very
high electron emission, chemical inert­
ness, extremely high conductivity when
doped with nitrogen , biocompatibility,
and su rface functionalization. All these
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which says, "This is so staggeringly stu ­
pid that it's difficult to know where to
start, other than with the obvious obse r­
vation that the US Patent and
Trademark Office has no business
granting this sort of junk patent." Can
this affect mill ions of web sites, includ­
ing yours? Could be, but the dynamics
may change when SBC starts sen ding
invoices to Microsoft, IBM, Gene ral
Motors, and other large corporations
that have the resources to fight back.

~ With dozens of embedded
controllers and countless

.~ configurations, we can help
you turn your imagination into reality.
For a complete look at our product line,
visit our website at www.micromint.com.

MicfOtnint
o • ~

www.mlaomlDt.com

Since 1985 -iii ., ...
°i'~ C I ~L.. inc.

YF.ARSOt"

~g~l~~g¢: EQUIPMENT MONITOR AND CONTROL
Phone: (618) 529-4525 • Fax: (618) 457-0110 • www.emaclnc.com

FEATURES I NCLUDE:
oL1nux 2.4 Kernel
o486-133MHz SBC
010 Base-T Ethernet
o8MB DOC Flash Disk
o16MB RAM
o Power Supply
oCarrying Case
oStarting at $399.00
oX-Windows (optionI
oRealTime L1nux(opti on)

IImaglne runn ing Em be dded L1nux on a Sin g l e
t! Board Computer(SBC) that Is 4 .0 " x 5.7" and
boots L1nux from a Flask -Disk. No ha rd dr ives ,
no fans , nothing to break . Now yo ur hardware
can be as re lia bl e as L1nux! If your ap plication
requires vi deo output, the X-W indows upg r ade
option provides vid eo o u tput for a s tan dard
VGA monitor or LCD. Everyth ing Is i n c luded;
Ready to Run L1nux!

Elf~EDDED !/!/III/UIX
STAIlTIIlIlIT

money. Apparently, this division of
SBC Communications, Inc.
(www.sbc.com) now owns a
patent that was granted to
Ameritech Corp ., in May 1996
(patent no. 5,933,841 ), plus
another related patent
(6,442,574). The patents cover a
"struct ured document browser,"
an d SBC claims that it includes
not only the browser, but all web
sites that enable such browsing to
occur.

In case you don 't recognize
the compan y, SBC Communica-
tions is the second largest local
telephone com pany in the US,
with 60 million phone lines in 13
states. It also operates Cingular
Wireless, which has 22 million
subscribers in 38 states. SBC has
repo rted annual revenues exceed­
ing $40 billion.

In its initial attempt to collect
royalties , SBC appears to have tar­
geted a relatively small and
defenseless entity - The Museum
Tour Catalog (www.museum­
tour.com) - which sells "quality,
educa tional toys and museum
gifts that stimulate cur iosity, pro­
vide aesthetic pleasure , and
enhance the joy of learning." The
items co me from 22 national sci­
ence centers, zoos , and aquari­
ums .

In a letter se nt to Museum
Tour, SBC included a table of
approximate royalty payments it
expe cts to receive. If you qualify
for the preferred rate and have
annual revenues of $100,000.00,
you have a choice of pa ying
$527.00 per year or a flat fee of
$1 ,581 .00. But if you don 't qualify,
you face the base rate of
$5 ,270.00 pe r year or a flat fee of
$15,811 .00. Apparently, SBC also
has its eye on the upper end of the eco ­
nomic scale. According to the table , if
your co mpany grosses $10 billion and
does not qualify for the prefer red rate ,
you'll have to cough up either
$16 ,666 ,667 .00 per year or a one-time
payment of $50 million.

The Internet community has react­
ed to SBC's claims with a combination
of fear, loathing, and disbe lief. An exem­
plary statement appears on the
Larkware web site (Larkware.com) ,

A recent study conducted by two
~tudents at the Laboratory for
Computer Science of the Massa chusetts
Institute of Technology (www.mit. edu)
indicates that we need to be a little more
careful about how we discard comput­
ers and disk drives . Sca veng ing through
the data left on 158 used drives, the stu­
dents found more than 5,000 credit
card numbers, detailed personal and
corporate financial records, num erou s
medical records, and many gigab ytes of
personal email and pornography. They
bought the drives for less than
$1 ,000 .00 from eBay and other sources
of used hardware.

Data had been properly removed
from only 12 of the units . Considering
that more than 150 million disk drives
were retired from service in 2002, it
becomes apparent that a great deal of
confiden tial infor mation is floating
around and is easily obtainab le. The les­
son is that, before disposing of a disk
drive, you need to run a utility that over­
writes every data block ; simply delet ing
the data is not sufficient , as it can be
recovered with a common "undelete"
program or by read ing individual data
blocks using special tools .

properties are the result of the unique'
microstructure of ultrananocrystalline
diamond, characterized by grains that
are just two to five nanometers in size.

The project is funded for four years,
and a functional artificial retina is still a
long way from a reality. But as summed
up by Auciello, "The artificial retina is
very appealing to scientists because it
contributes to improving the way of life
for peopl e. Having the ab ility to see is
something too many people take for
granted."

computers and
Networking
Discarded Computers Yield
Many Secrets

IsYourWeb Site a Patent
Violation?

I f you operate a web site that employs
frames (that is, if clicking on an icon

causes part, but not all, of the display to
change), a company ca lled SBC
Intellectual Property soon may come
knocking on your door to ask for
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Circuits and Dev ices
Projection Keyboard
Targets Mobile and
Wireless Devices

A n interesting concept from
Canesta, Inc., is a project ion key­

board for mob ile and wireless devices
such as smartphones, PDAs, table t
PCs, and cell phones. Using the
Canesta chipset , original equ ipme nt
manufacturers (OEMs) will be ab le to
incorporate a full-sized keyboard and
mouse that exist as projected beams of
light rather than hardware. The key­
board is projected onto a flat surface in
front of the mobile device , so you will
have to drop back to the built-in keys if
you don 't have a flat surface available.

The keyboa rd is implemented by
means of a three-dimensional sensor
that tracks moving objects in the vicin­
ity of the sensor chip. The packaged
sensor - a module about the size of a
pea - resolves a user 's finger move­
ments within the projected image of a
keyboard, translates those movements
into "keystrokes" on specif ic projected
keys, and processes the movements
into a stream of serial keystroke data .

The sensor module works with two
other miniature components: a pattern
projector and a small infrared light
sou rce. The pattern projector uses an
internal lase r to project the keyboard
image. The keyboard may be the stan­
dard QWERTY English keyboard, any
non-English layout, or even non-Roman
character set , and custom keypads can
be created for specif ic app lications.

As of this writing, the device is not
available in any commercial produ cts ,
but NEC is evaluating the technology
for use in its product line. Companies

12

that are interested in empl oying the
technology can buy an OEM Toolkit
that provides the basics. A data sheet
describing the com plete details of the
OEM tool kit is available online at
www.canesta.com/downloads/ tool
klt.pdf,

Headphones For
Serious Audiophiles

Falling into the category of "sexy
products for people who have too

much money" is Sennheiser's Orpheus
headphone system (www.s
ennheiserusa.com ). The hand-made
appa ratus combines a vacuum tube
amplifier with electrostatic headphones
and feat ures a 1 urn, gold-plated
diaphragm and an on-board dedicated
bitstream digita l-to-analog converter.

Speci fications for the headphone
section include distortion of <0.01 per­
cent, nominal se nsitivity > = 98 dB at 1
kHz, and freque ncy response from 7 to
100,000 Hz (-10 dB). The latter seems
like a bit of overkill , considering that
your ea r is most sen sitive in the band
from about 2,000 to 5,000 Hz and
probably ca n't detect much over
20,000 Hz. But if you put the head­
phones on your dog, he should really
app reciate the high frequencies. And
let's admit it. If you buy the Orpheus,
your ma in goal is not a more realistic
rendering of Julio Iglesias ' latest CD. It
is to impress your friends with the satin­
lined, hardwood storage box, the gaudy
wood-and-chrome amplifier, and the list
price of $14 ,900.00.

Industry and the
Profession
Alternative Energy Not a
Great Alternative

I f you have been looking forward to
the day when renewable energy

sou rces provide a clean alternative to
fossil fuels, a recent analysis generated
at Corne ll University (www.com ell
.edu) will not be good news .
According to Prof. David Pimental and
associates, even if implemented to the
highes t prac tica l extent, renewable
ene rgy sou rces can replace only about
half the US consu mption of oil, natural
gas, and coal. Furtherm ore , the analy­
sis states that fully developed alterna-

tive energy systems (including hydro­
electric power, solar and wind power,
and biofuels) would occupy up to one­
sixth of the country's land area , caus­
ing a whole new set of environmental
prob lems.

The ecologists reviewed 10 alter­
native energy sources, but deemed two
of these (geothermal systems and bio­
fuels) not truly renewable and sustain­
able. The other eight alternative energy
systems reviewed in the analysis includ­
ed hydroelectric power, bioma ss ene r­
gy, wind power, solar thermal conver­
sion , photovoltaic systems, hydrogen
and fuel cells, and passive heating and
cooling of buildings. Although empha­
sizing various disadvantages to most of
these energ y sou rces, the repor t was
particularly upbeat about biogas gener­
ation , whereby burnable methane is
produced in "digesters" by microbes
that eat animal dung. Ifyour family has
at least 50 cows in the bac k yard, you
can install a digester for less than
$1,000.00 and produce biogas at an
elect ricity price equivalent of $.06 per
kilowatt hour. Ifyou have moved off the
farm , however, you're just going to have
to cut bac k on everything.

IBM, Hitachi Form New
Company

I BM (www.ibm.com) has complet­
ed an agreement to combine its hard

disk drive operations with Hitachi 's,
forming a new company ca lled Hitach i
Global Storage Technologies. Under
the agreement, Hitach i bought the
majority of IBM's HDD-related assets
for $2.05 billion. Hitachi paid 70 per­
cent of the purchase price to IBM
immediately and will pay the remainder
over the next three years. The new
company will be located in San Jose,
CA. NV
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500-ln-One Electronic Science Lab... It's The
MostComplete Electronic Teaching KitAvailable!

:1:6~~6~c~6~c~~t~na~h;o~u~~~~~~~ab~e~f ~_I 9 I -~
500experiments covermg aWiderangeof -

~~c~o~~~r:sdae"s)IO~. a~o~~i~~eCi~i~~t~
LEOs, LCD, a spea~er andan earphone,
plus light sensitive elements (phototran­
sisters & CDS). Byentering programs
on the keyboard , you will master
programming skills from the
most basic level. Step-by-step
instruction manual included. A
hard-shell carrying case doubles as
electronic board. Requires 6 "AA" batteries (not included). For
ages 12andup. PAJ0810-15 $219.95

Hand·Held Gamma·Scout Geiger Counter
Measures Alpha , Beta & Gamma Rays.
Gamma-Scout is the latest in hand-held radiation
monitors. Features an accurateandreliableGeiger­
MuUer tube detector and extra large easy-to-read

f;ga::'~~1!ra~,o~~ ~~~J:h~ue;;g;~o~~'mi~ggg~',
measuresalpha, beta andgamma rays to 4 MeV, 0.2

~:~~~da~·g~n~e~af:~P:~N:,e~ataTt~:n~~~~~~~
makes it ideal for iield measurementanddatalog-
gingapplications. Ultralong lifpkOOk~3_~~~'l~~~~'

Children Can Explore And Learn DigitalMicroscopy
WithThe OigiScope 300And
MoticPlay
Software!

Motors ByThe Bag ForHobbyists &Modelmake~ .
Our Inexpensive
motorscanmake
wheels go 'round.
propellers turn.

nllmlted applications.

Adding motion10 yourscience projects.
demonstrations and experimentswith
this SPECIAL BUY of 12assorted mini -
battery-poweredmotorsof varyingtypes.
Motors, Prisms, Optical Components, lenses or Magnets GrabBag!
Some prisms, lenses andmagnets mayhavechipsorcracks.

Bag0112 Hobby Motors 01 Various Types PA30822-64$5.95
Bag of 5 PrismsofVarious SizesandTypes PA30824-64 S9.95

Oag of OpticalComponents 25Different Types PAJ0824·63$9.9S
Bagof 20lenses of5DifferentTypes PA30822·72$9.95
Bagof30MagnetsofVariousTypes PA30822·65$5.95

Buy 5orMoreBags & SA VE S1.00 perBag! (SO/Tf. noreturns onbags)

Experim ith And TestGPS Technology.
This GlobalPositioning System(GPS)

dev:~g~r~te~~ ~ii~e :~~iet~tsf~~~
technology. Contains every·

thing you'll needto start
receiving GPS data
rightoutofthebox!

PAJ1199·00 $165.9S

Explore a world of science with over 2000 scientific,
educational and optical products for science fair projects in
our new 100page'SCtENTIFICS-' colorcatalog.
Write, call, fax, e-mail or visit us on the web at

Learn aboutthehistory of robots, andevenbuilda
real working robot! Includesall materials. When
completedyour robot will maneuver around its
environmentuntil it encountersanobstacle. It will
thenback away fromtheobstacleand continue on
itsway. 32 page booklet,robotic sorting machine
template, model robug templates, robottemplates,
components included. PAJ0819·61 $16.95

Money BaelcGuaranfee • You Musf Be Pleasedt
If you are not completely satisfied with your purchase,
retum the merchandise in its original package and we wili
chee rfully refund your money in luli. We Back OurProductsl
Our 30 day unconditional guarantee means you take noc::::- ......::=::::.-- - - risk on any product you buy from us.
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Hand-Held Portable Geiger Counter Instantly
Detects Harmful Radiation.

T~j:a~ou~e~ol~~~~~b~~~~~~t~~~g~~~~ni~n~
ray radiation on itsdual scale meter. Features a
halogen-quenched stainless steel detector.
Cesium-137beta shielded calibration source,
andarangeof0-100uSvlHrand0·10 mRlHr
(logarithmic). At levels In excess of the
meterscale, the unit will emit a beeps at
a rate that Increases as theradiation
level increases. Operates on a9Vbattery
(included). Measures 6"x 3" x 1.37".

FI.eyear warranty. PAJ1023·00$239.95

Hand·Held NDCC3 Cyclops Compact™
NightVision Monoc
Powerful And Portab
Camera-Duality 3. IX L
This high performance
monocular is oneof the
most affordable, small­
est,powerful, andlight­
weight ful l-featured
night vision instruments
available. Produces a surprising 15,000X light amplification with
thepress of a button. The camera-qualiDt 3· I~ns element system
yields higher resolution with minimized distortion. It weighs less
than a pound andfits in your palm, boasts 3.1Xmagnificationand
a bullt·in Infrared illuminator for viewing In total darkness.
Requires2 MAA"batteries(notincluded). Weight:15 oz.

Night Owl CyclopsCompact™Monocular PA30818·28$199.95

Make 75,000Volts Of Static ElectricityWith
The Wimshurst Electrostatic Generator.

ThisQuality generator demonstrates scientific
nciples, idealfor use in many chemistry,

WE ACCEPT CREDIT CARDS
Visa, MasterCard, Oiscover andAmerican Express
Besuretoindicate credit card , cardnumber and expiration

Boreal Digital SKope Features USB "Plug& Play"
Computer Connection.

Caplure Still Images or Video Clips!

Illuminate Objects UpTo80Feet Away With The
EternalLigWMFlashlight... And
It's Visible ForOver 3 Miles!
Themosttechnologically advanced personal

~re~~~[lj~h~~UWa~~~ i~~ h~~ ~~;;eiUb~~r~
face buttons control four independent solid
state white LED bulbs (each rated at over
50,000hours of continuoususe), to pro­
duce seven light modes includingtimer,
dimmer, flasher, strobe,dazzle, 50Sandthe
exclusive NightBeacon™ modethat illumi­

nates thebody for easy locating in the dark. On-board computer
controlspowerutilization expanding thelifeof3 ~AA" batteries (incl.)
to over700hours. Water resistant to 100 ft. Ideal for camping. cav­
ingandemergenciesinyour home, caror boat. PA31131·00$49.95

Remote Control UFO Vectron Blackhawk Can Hover,
DiveAnd Climb Using U.S.Air Force Technology!

• 1l'i1111!!...... TheVectron Blackhawk is a remote
control UFO that hovers, divesand

~.I."', climbs. The Blackhawk uses thelat­
• est in U.S. Air Force technology. It's

tethered by a lineto acontrol boxthatsends
power andcommands to it. The linecan bethreaded
through thedocking station givingyou more control
overtheBlackhawk's flightpattern. A surrounding

ring features a LED display thatcan be
programmed with upto 4 separate 40·
character messages. A trainingmode
steps in to prevent crashesmaking

leaming to flytheBlackhawk safe andeasy.
There's a turbo mode for precise control and anauto-pilot mode.
Approximately14" diameter. PA30554·36 S99.95

Brunton Sherpa - AnAtmospheric Data
Center Fils In The Palm OfYourHand!
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The altimeter features a 3 ft./1m resolution up to
30,000 ftJ1O,OOOm. Barometer displaystrends within
the past 16 hours. Measures windspeed in knots,
mph, beaufort,kmlhandmls. Measurestempera­
ture in 'Cand F. Calculates windchill andcur­
rent, peakand average wind speed. It even
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The USB computer
connection allows
you toviewa large.
full color video ofthe
specimen direcll y
onto your computer
so anentire class
can see. Mounted
on our best Boreal
SKope. the built-in
ceo camera pro­
vides clear, sharp

images upto 316,000pixels. User-friendly Matic 2000Images soft-
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ment, qrowthandmovement; save images or videoclips to your
hard dnve. Images canbe manipulated andprinted. Recommended
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Optional Mechanical Stage PAJ0001.01 $49.95

Cell Senscrw is an accurate, easy-to-useand
affordableGaussmeter developed to allow you to
performyour ownEMF home or school survey.
It detectsand measures ~oth EMFs(electromag­
netic fields) and RFs (radio frequency) produced
by electrical currents foundin andaround the

home, or in theworkplace. Features:Easy to
read analog !!leter (registering mW(cmr for
RFand milhGuass for EMF), flashmg LED
and audio alarm makeit Quick andsimple
to identity emissions from cellphones,
computer monitors, TVs, power lines,
electric blankets, etc. Includes shock

Detector resistant sensorunit. remote probe and
instructions. Requires9Vbattery(not lncl.). PA30816·04 $39.95

Phone: 1·800·728·6999
Mon.-Fri. 8AM-8PM; Sal. 8:30AM-4PM (EST)

Fax: 1·800·828·3299
E "I' . date(MasterCardpleaseinclude bank name&10 number).
-mai . cons_or~er~~dscl.~om Add AppropriateSales Tax: AR, CA, NC, NY, SC, WA

Web: www.SclentlflcsOnlme.com Shipping andhandling charges areaddilional.
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Tonawanda , NY 14150-6711
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Allmodels come
with matching

2.4 GHz
receiver.

Gives You Complete ..==-l.==-==....=~=...
Surveillance and WIRELESS COVERT VIDEO CAMERA SYSTEMS

Great for homes, offices, warehouses & fadories!
Protection For

d $ These high quality wireless covert video
Un er 500! cameras give you the range and performan ce of J:&

2.4 gigahertz FM video tran smission . A high #

quality pinhole camera provides excellent video
in a nearly undetectable concealment . Range is up to 300
feet with the included receiver. Low cost. long range, FM
synthesized performance and a wide range of concealmen t
options combine to make these among the best covert
video values in the industry. Also available in color
versions. They give you the peace of mind of knowing
what happen s while you are away.

Comes with concealed camera/transmitter, matching receiver,
I year wa rranty , and 30 day MBG. Lens not included.
CVL6-V Wireless Covert Wall Clock Camera $269.95
CVL8-V Wireless Smoke Detector Camera $249 .95
CVL28-V Wireless Covert Pencil Sharpener Cam $269 .95
CVL30 Wireless Briefcase Camera $399.95

• View al l 4 cameras on one screen
• Professional quality equipment
• Custom lenses and cable length s

to fit your installa tion
• 2 year warranty on cameras and quad
• Lifetime free technica l support
Comes with 4 ofour PC-152C video cameras and lenses,
a realtime quad processor, a high resolution 12" monitor,
and much more.
VSS I -HG 4 Cam BIW Video System .... $499.95

0.0003 LUX! SEES IN VIRTUAL DARKNESS!
This tough style is the #1 choice of law enforcement!

New PC180XP2
super pinhole

lens makes covert
installations

easy!

• 1/3" Sony Ex-View chipset • 3.6mm micro lens. PCl80XS
• 420 lines of resolution • 3.7mm pinh ole lens. PC180XP
• 0.0003 low light rating • 4.3mm super pinh ole lens, PCI80XP2
• Super tough copolymer housing • 30 day MBG
• 12 Volts DC, 100mA • 1year warranty
PCI 80XS Ex-view BIW Microvideo Camera $ 119.95
PC180X P Ex-view BIW M icrovideo Came ra $109.95
PCI 80XP2 Ex-view BIW Microvideo Came ra $1 19.95

DIGITAL V IDEO RECORDER
Only $399.95! The easy high tech
replacement for time lapse VCR's!

• Single channel digital video recorder
• 60 images per second
• Playback search
• RS232 compatible
• Alarm inputs
• Time/Date stamp •
• Password protection
• Video loss detection
• Compatible with most quads
• Rack mountable
Comes with easy connection instructions , and I year warranty.
DVR-7 DVR $399.95
DVR7-80 DVR with 80GB Hard Drive $499.95
DVR7-160 DVR with 160GB Hard Drive $649.95

WORLD' SMALLEST VIDEO CAMERA
Tiny 0.375" S~uare by 0.625"
Size-- Ultra Mini Pinhole
Video Camera!

ST ILL PHOTO SURVEILLANCE SYST EM
Capture stunning images of wildlife

...or bad guys red handed!

• Weather resistant
• Perfect for wildl ife observat ion
• Great for law enforcement

remote covert surveillance
• Uses a motor dri ven, moti on

acti vated Fuji 35MM camera
• Time/dat e stamp
• 1 year warranty/30 day MBG

Comes with security chain , magnetic
activation system, camouflage cover
and 1 year warranty. Also available in
tree bark and vandal resistant.

• Stores 64 images in memory
• Weatherproof case
• Built-in IR lightin g
• 0 lux rating up to 15 feet
• Pixel resolution of 320 X 240
• PIRmoti on activated
• Runs on 12volts DC or 6 AAs
• 1year warranty, 30 day MBG

Comes with camera , video cable, 12 volt
power cord, mounting stra p, 1 year
warranty and a 30 day MBG.

CVL46 Digital Flash Memory
Camera System $319.95

• • ••



Q&A with TJ Byers

Electronics Q&A
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gated to answer it in terms that both
the novice and experienced read er ca n
understand. Here goes.

Nowadays , most microcontroller
interfaces are of the ser ial variety. That
is, the control and data bits are pa rad­
ed in one afte r the other like the box
cars of a train , rather than loaded in
via individual inputs like cars entering
the toll booths of a highway. There is
more than one serial interface. The
LM197x series uses a protocol (way of
doing things) called uPot that requires
two bytes (a byte is eight bits). One
byte addresses (selects) the "poten­
tiometer," AKA attenu ator , being con­
trolled (the LM1971 has one pot, the
LM1972 has two, and the LM1973 has
three). The following byte specifies
how much attenuation each pot should
insert into the circu it. The timing
sequence looks like this (Figure 1).

First, the Load pin is pulled low.
Although a microcontroller is normally
used to set this pin low, you can do the
same thing using a RadioShack SPST
switch. Next, the binary code used to
set the attenuation of the LM1971 is
entered via the Data pin using 16
clicks of the clock. Once the code is
loaded, the Load line is returned high,
and the LM1971 proceeds to process
your command. Hey, that's not such a
big deal! It just sounds complicated
when the word microc ontroller is men­
tione d.

Figure 2 shows how to program

Figure 1
LOAD

CLOCK

DATA

~""'. I'm wondering if you ca n provide
'(,any informat ion regarding th e
control of the LM1971 / LM197 2/
LM1973 fam ily of digitally-co ntrolled
audio attenuators . The National
Semiconductor ca ta log shows a typi­
ca l applicat ion. Unfortunately, no con­
trol circuit is given for an interface with
the three control pins of load , clock,
an d se rial input. I realize this quest ion
might be a little mor e tha n can be
answered in a single column, but ifyou
could direct me to a boo k or an article
that describes the digital control of
these K s , it would be very helpful.

AI Lovec ky
via Internet

• You might not ice that in my intro
to this column, I state "I answer all

aspects of electronics ... and anything
else of interest to the hobbyist." At
first, I pu rposely sidestepped ques­
tions like this by providing a datasheet
- or other source - simply beca use
the majo rity of readers had little or no
interest in th is field at the time.

Over the years, the co mponents
have become increasingly more micro­
controller "friendly," and our readers
more computer sa vvy. And I've
increasingly been answering more of
the se kinds of questions. While what
you ask takes it up a notch, I feel ob li-

A PC Interface
Without The PC

What's Up:
Plenty of stuff to get the

novice hobbyist started.

How to program

digitally-controlled

. devices without a PC

using parts from a junk

box. I IW stereo amp

for $5.00, and a new

twist on the 555. Find an

OEM using the FCC ID

number.
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In th is column, I answer
questions about all aspects
of electronics, including
computer hardware ,
software, circuits, electronic
th eory, t ro ubleshoot ing, and
anything else of interest to
the hobbyist.

Feel free t o participate
w ith your quest ions, as
well as comments and
suggestions.

You can reach me at:
TJBYERS@aol.com.



Q&A
• DMOS

$59.95
Assembled

EPIC Bundle with
cable,ACadapter,and
4D-pin ZIF - $99.95

selec t ion from
$8.95 to $19.95

&

MOSFETS
&

TRANSISTORS
@

LINEARSYSTEMS
Second Source Repfacmenfs

for~

~
• CustomScreening
• Die, SMT, Thru-Hole

~
Full Se rv ice U.S . Man uf a ctu rer
of Specia lty li n e a r Pro du ct s

4042 Cllpper Court
Fremont, CA 94538

(TELI510-490-9160
(FAX)510-353-0 261

JFETS@L1NEARSYSTEMS .COM
WWW.L1NEARSYSTEMS .COM

PICmicro MCU
Development Tools

_~._...".....,. EPIC Plus
EPIC'" PICmi cro MCU

Progr ammer

C ircle #5 5 on the RIS C ard .
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&

JFETS

BASIC Compilers
for PICmicro MCUs
PicBasic Compiler - $99.95

PicBasic Pro Compiler - $249.95

LAB-X Experi~enter Boa.rds
Pre-assembled

hardware for testing
and development.

micro(?ingil1tmilg' i2abs, @11C.

== Phone: (719) 520-5323 iii
I:!l!!l Fax: (719) 520-1867 IIj

Box 60039, Colorado Springs, CO 80960

Complete product information and oniine
ordering at: www.melabs.com

~,",. My 70-watt Adcom power amplifier
"-has been working fine for many years
and [ expect it will go on for a long time . But
[ don 't like it that loud, and would like to try
something with less power. Do you have any
circuits for a one-transistor, single-en ded
power amplifier of about 2 to 10 watts?
Something with negative feedback , a high
dampening factor, and low distortion using
an easy-to-get transistor, like a 2N3055.
Also, a design which has thermal runaway
protection. A power supply diagram isn't
needed - I know how to do that.

Charles Wolf
San Francisco, CA

world of electronics, including topics like
how to solder and where to buy. "Let's Get
Technical" is designed to whet your appetite
in the more advanced subjects - like anal og
and digital , microcontrollers , computer
arithmetic, and networking - while exam in­
ing theories and applications.

Two other recently ad ded columns are
devoted to "Robotic Sources," which shows
you where to get information , kits , and
parts, and "In The Trenches," devoted to
design engineers facing real-world problems
and solutions. As you can see, when we say
"Everything For Electronics" we mean it.
Glad to have you aboard.

Cheap Audio Chip
Boasts Premium Sounds

A. . I can do better than that. National
J"'I\semiconductor makes the LM4752 - a
stereo l l -watt power amplifier housed in a
TO-220 plastic package that's sm aller than

+V
ATTENUATION I ATTENUATOR

CODE ADDRESS

II
I-~

I IIIr I
C-VlUJ O- NM"f"LI')..or--.. C-VlUJ o C"!M"'I;f'"lJ"l"'r--..
UOC- 0.0..0..0.0..0..0.0.. UOC- a..a..a..0.. 0.. a..a..a..

LMI 97x"" ""0 0
Ln"'r--.,""I'" U1"O ........V

CYCYCY CYCYCY

-'- L L DATA
-

Program/Load CLOCK

~SI
LOAD

2Figure

Jake
via Internet

the LM197x without a microcontroller. With
S 1 open , the Attenuation Code and
Attenuator Address switch are set to repre­
sent the code you wish to send to the
LM197x chip. Close S1 and press the Clock
button 16 times. Open SI and you're done.
That's it. Of course, the circuit is very rudi­
mentar y and can be improved upon vastly
with a programmed clock and display , but
you get the idea .

Bottom line is that computer interfaces
shouldn't scare you. By knowing what the
device expects in the way of voltages and
sequence of events, you can "program" any
computer-dependent chip using parts you
probably have in your junk box.

New Columns Ring In
The New Year

~,",. I have been a subscriber of Nut s &
"-Volts for almost a year now, and have a
basic knowledge of electronics. I find the
magazine most interesting , but have to
admit that I don 't know much of anything
regarding these so-called BASIC Stamps or
other controlling devices. So where does a
guy like me begin to learn about these
devices and build the various projects that
are featured each month?

A. . Your timing couldn't have been better.
J"'I\starting with the Jan. 2003 issue, the
N&V editors added three new columns, two
of which are targeted directly at you. "J us t
For S tarters" builds a good platform in the
bas ics as you begin your journey into the
MARCH 2003



remains off until another low-battery
voltage is detected. This circuit can
also be used to monitor the level of a
water tan k or any other device that
needs the same on/off profile. Of
course, you have to ma ke su re the
relay - be it solid-state or mechanical
- can handle your load . The relay
input is five volts at 200 mA or less .

Q For some time now I have been
trying to find software to use with

a Dinsmore 1525 compass module
interfaced to a microcontroller - like a
16F84 or 16F876 - with an LED dis­
play. The 1525 seems to be popular
and yet no one seems to have a pro­
gram for its use. Any ideas?

Ed Cannady
via Internet

A There was a similar design pub­
ished in the PICstar t Design

Contest Application Brief Notebook
(DS30229B) pub lished in 1993 by
Microch ip, Inc. Unfortunately, all I can
find is a portion of the original publi­
cation, which is now available on the
Nuts & Volts website as
PICstart_1525.PDF. A call to
Microchip revealed that nothing exists
but an archive (not currently avail­
ab le) for this publication. But I'm sure
there are still some copies out there in
the hands of hobbyists. Let's hope this
response will turn up one.

the TO-3 metal case of a single
2N3055. Better yet , you can buy it
from Digi-Key (800-344-4539;
www.digikey.com) for just $2.67 .
Toss in a handful of passive compo­
nents, and you have a far better ampli­
fier than a single 2N3055 can make ­
thermal protection included - for
under $5 .00 (Figure 3) .

The LM4752 datasheet, which
you ca n download from the National
Semiconductor web site
(www.natio naI. com/pf/LM/L M4 75
2.h tml), includes a printed circuit
board foil pattern and parts place­
ment guide that simplifies the fabrica­
tion of a high-quality stereo amp.

New Twist On 555
Controller Charges
Battery

QA while ago, perhaps in the Nov.
or Dec. 2001 issue, you answered

a question about the construction of a
battery ma intenance charger. The cir­
cuit is excellent, and I built one myself
as a 12-volt motorcycle battery charg­
er. I recently inherited an antique auto­
mobile with a six-volt system. Would it
be possible to make changes to this
circuit so that it can be used as a
maintenance charger for a six-volt
lead-acid battery?

On a similar note, I would be
interested in constructing a controller
that senses a low-battery voltage and
triggers a solid-state relay , which
would switch on the AC power to an
off-the-shelf battery charger, like they

sell at most auto parts stores. When
the battery reaches a full charge, the
SSR would turn off and remain that
way until another low-voltage condi­
tion is detected.

Bob Hempe
via Internet

A The answer to your first ques­
ion, described in the Dec . 2001

issue, is to change the 5.6k res istor to
2.2k and substitute the 78L06 with an
LM2931Z-5.0. This will properly ma in­
tain a six-volt lead-acid or gel-cell bat­
tery.

As for your second request, I
found it most interesting because it
gives me yet another way to exploit
the features of the 555 chip. The 555
has two inputs, labeled Trigger (pin 2)
and Threshold (pin 6), that toggle the
Output (pin 3). When the Trigger goes
below 1/3 Vcc , the Output goes high;
when the Threshold voltage exceeds
2/3 Vcc , the Output goes low.
Typically, a capacitor is inserted
between these two inputs and through
charging and discharging cycles pro­
duces an output waveform.

If the capacitor is removed and a
voltage divider is substituted in its
place, the 555 becomes a special kind
of window voltage comparator (Figure
4) . Using the resistance values listed,
the relay turns on when the battery
needs charging and off when it's fully
charged. Unlike a true window com­
parator - which immediately turns on
when the voltage drops below the
upper threshold limit - the relay

A Call To Arms
Err, Books

•••

+24V

From
12V Battery

Ik luF

1% -= -= -=
3920
1% 8 4

6 3 +
555 SSR SPST

665 Control
1%

2
Relay pull in

5 -= at 11.0 volts;Ik

Figure 4
1%

IOI
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-21dB

-17.5dB

-4.5dB

+5dB

-9dB

50' RG59/U

100' RG59/U
-8dB

-9dB

-13dB

100' RG59/U

home and would appreciate the follow­
ing information. I requ ire TV outlets in
six rooms, and knowing there is a dB
loss in ea ch coupler, which of the fol­
lowing options would be best?
Obtaining a six-outlet co upler or sp lit­
ting the runs into two lines , one for the
top and one for the bottom. I'm think­
ing of doing the bottom three rooms
on one four-output coupler with the
forth output going to a second two-out­
let coupler. Minimum loss of signal is
the main objective, even if it's a little
pricey.

4-Port Splitter

Long-T ime Subscriber
via Internet

• That depends on how long the
cable runs are and where you split

the signal. Like you say, the name of
the game is minimal signal loss. Each
sp lice and cable length ta kes a toll. For
practical pu rposes, the loss of a two­
way sp litter may be assumed to be 4
dB, a four-way sp litter loss can be 7.5
to 8 dB, and an eight-way splitte r can
be from 11 to 12 dB insertion loss to
each por t. Add 100 feet of RG59/U
cable, and subtract another 9 dB.
Table 1, on the next page, lists the loss
for various components.

Now, which is the optimum topolo­
gy for minimal loss? That depends on

OdB

+18dB

-4.5dB

Distribution
Amplifier

OdB

-8.5<lB

SO'RG59/U

100' RG59/U

-9dB

-4.5dB

50' RG59/U

-10dB

2-Port Splitter

-4dB

Figure 5

OdB

6-Port Splitter

Wire Those Walls
Before You Plaster

~"". I am in the process of wiring TV
"{and telephone service for my new

reduces its power down to 5% of its
operating total after about an hour of
my stepping away from the keyboard.
Less power means less heat , and it's
don e gradually withou t the shock of
on/off power cycling.

The recent proliferatio n of f1uid­
dyna mic bea rings in disk drives has
further reduced the hea ting and fric­
tion problems. Hard disks are amaz­
ingly reliable these days, with Mean
Time Between Failures (MTBF) of
500,000 to 1,000,000 hours. That
means that, on average, half of all
drives from the same lot fail after the
specified number of hours, 57 years
for 500,000 hours , with half of the
drives lasting more than that half the
MTBF.

On the other hand, ifyou expect to
be away for any per iod of time (possi­
bly a vacation to Paris, lucky you) or
there is a lightning storm loomi ng on
the horizon, it would be a good idea to
turn the f?C off and unp lug it to prevent
power su rges. Don't cou nt on your
surge pro tector to save the day.

OdB

Lee
via Internet

~"". Are computers better off being
"'eft running all the time or shut off
each time afte r use? I would imagine
there is a controversy, depending on
which camp you 're affiliated with.

To Power Or Shut
Down. Which Is
Bettert

A. . Ten years ago, yes the camps
Jl"l\were divided. But with recent
advances in semiconductor technolo­
gy and trends in PC hardware , the two
camps now break bread together. That
is, in and of itself, the question isn't an
issue of concern.

Most PC failures a re a result of
heat, and not wear and tea r on the
mechanical devices. In fact , most dam­
age is done when a device is tem pera­
ture cycled between hot and cold, not
when it's runn ing at a con sta nt temper­
ature. So much so that the DoD
(Department of Defense ) has an envi­
ronmental test routine for testing
accelerate life aging of components by
subjecting them to alternating cycles
of hot and cold (Mil. Spec. 883B ).
Considering that the Pentium ch ip
runs hot enough to require its own
cooling fan (now that's hot!), you don't
have to guess what happens to its
interna l temperature if it were to be
constantly turned on and off.

Heat build-up is further reduced by
powering down the PC when it's not in
use. If you look ca refully, you'll see a
sect ion in your BIOS ch ip (yes, all PCs
have one and the y ca n be accessed
when power is first applied to the PC)
under the heading of Power
Management. Here you can tell you r
system when to shut down devices
after specified periods of inactivity. As
a rule , the mon itor should be turn ed
off afte r one hour (saving power and
wear and tear on the CRT), and the
hard disk after about 30 minutes.
Don't worry, all it takes to reactivate
these devices is a mouse or keyboard
input - or a nudge from an Internet
interface. For example, my system
MARCH 2003
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Cool Web Sites
A problem I hear often about

Windows Internet Explorer (IE) is its
inability to remember that most peo­
ple want it to launch as a maximized
window. The best solution? IE New
Window Maximizer 2.2, a free utility
that does just that, as well as han­
dling a few other things like stopping
pop-up windows. You can download
a copy at:

www.jiisoft .eom/ iemaximizer/
lndex. ht rn

Need to find a schematic or
manual for a piece of electronic
equipment with no model number or
manufacturer tag? Every item that
emits a radio frequency can be
traced back to its source via its FCC
ID number.

www.fcc.gov/ oet /fccld
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Why? Because the power compa­
nies monitor WWV which is adjusted
by monitoring the heavens. They
adjust the frequency/phase of their
generators to bring the clocks back
into sync with WWV and hence, with
the universe. They may be off by sec­
onds or even tens of seconds in the
short run, but in the long run , they are
dead accurate.

I know that power-line 60 Hz may
not be suitable for all purposes, the
choice should be made with all the
facts and not a distorted view. If the
reader wants long-time clock accura­
cy, you can't do any better. For short
term stability go crystal; for more
accuracy than 0.4% try a PLL.

E. Paul Alciatore, III
Chief Engineer

hawthorne direct, inc.
Fairfield, IA

How much current nows when
the switch Is In this pasnlan?

2.7 k<l 1.3k u 820 ll 3.3 kll

..-----/fQd~
.=.. 10V

-l-

! Figure 6
~

circuit to pics. Your ~f(i~iM!ttfij!!!i !!!!!!!!!!!!!!~!!!!!!!!!!!!!!!!!!!!!!!!!!!!!~~
answers are checked for i

accuracy and you 're not
allowed to advance to
the next question until
you correctly answer
the previous. If you
can't answer the ques­
tion after three tries,
they give you the
answer. Expect to
spend about one hour
on the first section
alone. (Figure 6.)

MAILBAG

Dear TJ:
This is in reply to your comment

about power line frequency inaccura­
cy many times in the past. While it's
true that the short time accuracy of
the power line frequency is as bad as
you say and clocks that are based on
it can be off by several seconds or
more at any given time , this is not the
whole story. The fact is, the long term
accuracy of the power line frequency
is dead on . Over a period of months
and years, you just can't get a more
accurate frequency source. Not crys­
tals , not crystals in temperature-con­
trolled ovens, not even atomic clocks
... nothing.

Device Signal Loss
Two-port splitter 4 dB
Four-port splitter 8 dB
Six-port splitter 10 dB

Eight-port splitter 12 dB
100 feet RG59/U 9 dB

Remember "programmed learn­
ing" (circa 1960) where you learned at
your own pace through branched
answers? I recently ran across such a
method for learning electronics at
Twisted Pair (www.twysted­
pair.com): click on Free Stuff for an
excellent introduction to DC basics.
You have a good choice of topics to
choose from, including Ohm's and
Kirchoff's Laws. I recommend starting
with Download Learn Electronics
Lesson One. It includes a very thor­
ough hands-on tutorial of electron
flow, Ohm's Law, and advanced DC

Editor's Choice

where in the walls your outlets land.
You can pick one or mix the choices
in Figure 5. What I'd do is install a
CATV distribution amplifier, like the
Winegard DA-1018, at the head-in
(where the cable comes into your
house) and divide the lines down
using two-port splitters at the end of
the run.
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Robotics Resources by Gordon McComb

IIWhere It Is and How to Get It"

Robotics Resources
Hunting the Surplus Electronics Store

Surplus is a loaded word. To
some, it means junk that just
fills up the garage, like musty

canvas tents, or funky fold-up shovels
once used by the Army in the 1950s.
To the true robot buff, surplus has a
totally different meaning: affordable
components to help stretch the robot­
building dollar.

Surplus just means that the origi­
nal maker or buyer of the goods does­
n't need it any more. Surplus is simply
excess stock for resale. In the case of
electronics, surplus seldom means
"used" as it may for other surplus
components, such as motors or
mechanical devices. Except for spe­
cial components - like older amateur
radio gear - surplus electronics are
typically brand new, and much of it
may still be in active manufacture.

The main benefit of shopping the
surplus electronics retailer is cost:
even for new components, prices are
generally lower than from general
electronics retailers. On the down­
side, selection may be limited to what­
ever components the store was able to
purchase. Don't expect every value
and size of resistor or capacitor.

This month, we look at almost
three dozen electronics retailers that
regularly stock surplus components
commonly used in amateur robot build­
ing. Today, many surplus stores are
local businesses that also sell on the
Internet, either through a shopping cart
or through eBay. When the resource

ut offers online sales it is noted , along with
!:i the availability of a shopping cart or.e some other "online catalog."
., This time around, we'll concen­
J~ trate on surplus resources within the
i~ United States only, and cover Canada,
t::::) the UK, and other countries in a future
Z installment. And for the sake of space,
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we'll skip the su rplus companies tha t
primarily deal with used PC parts, and
concentrate just on electronic and
electromechanical components of use
to robot builders.

A-2-Z Solutions, Inc.
PO Box 740756
Boynton Beach. FL 33474-0756
www.a2z-solutions.com

New and surplus electro nics . Mostly
computer equipment (PCs, mon itors,
scanners, and so forth ). Online sale s
with web catalog.

AE Associates, Inc.
7733 Densmore Ave. #5
Van Nuys, CA 9 1406
www.ae4electronicparts.com

New and used electronics, including
switches, connectors, elect ronic com­
ponents (resistors , capacitors, diodes ,
transistors, etc. ), and test equipment.
Searchable database. Also sells a
small number of compact black &
white and color video cameras. Local
store in Van Nuys, CA; on line sale s
with web catalog.

All Electronics Corp.
PO Box 567
Van Nuys. CA 9 1408-0567
www.allcorp.com

All Electronics is one of the primary
sources in the US for new and used
robotics components. Prices and selec­
tion are good. Walk-in stores in the Los
Angeles area. Product line includes
motors , switches, discrete com po­
nents , semiconductors, LEDs, infrared
and CdS sensors, batteries, LCDs, kits,
and much more . Specification sheets
for many products are available at the
web site. Online store, web catalog,
and printed catalog.

Alltronics
PO Box 730
Morgan Hill, CA 95038-0730
www.alltronics.com

New and surplus merchandise. Among
their product line useful in robotics are
DC and ste pper motors, stepper moto r
controllers, power MOSFETs , small
CCD video ca meras , and tools . Online
sales with web catalog.

American Science &
Surplus
3605 Howard St.
Skokie. IL 60076
www.sciplus.com
AS&S sells surplus of all types, includ­
ing some you'd normally find in an
Armyj Navy surpl us store. But they
also carry motors , gears, batteries ,
switches, and some electronics .

APEX Electronics
8909 San Fernando Rd.
SunValley, CA 9 1352
www.apexelectronic.com

Military and industrial surpl us , with a
major em phasis on wire of all types
and sizes . Huge selection, but the
retail store is not well organized, and
little is priced. Limited online sa les
(only some components listed on
the site ).

Apex Jr.
30,f) Orange Ave.
La Crescenta, CA 9 I214
www.apexjr.com

Surp lus electronics and me chanicals.
General electronics, transformers, and
"movie props." Online store with web
catalog.

Ax-Man Surplus
1639 University Ave.
St. Paul, MN 55 104
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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!

www.ax-man.com
Local (St. Paul, Fridley, and St. Louis
Park, MN) electronic and mechanical
surplus.

B.G. Micro
555 N. 5th St., Suite # 125
Garland,TX 75040
www.bgmicro.com

A haven for the electronics tinkerer
and robotics enthusiast. Much of the
stock is surplus, so it comes and goes,
but while it's being offered , it has a
good price attached to it. Online sales
through web catalog, printed catalog
available.

BCD Electro, Inc.
2525 West Commerce
Dallas,TX 75212
www.bcdelectro.com

Surplus electronics: active and passive
electronics, motors, relays , switches,
etc. Online sales.

BMI Surplus
Po. Box 652
Hanove r, MA 02339
www.bmius.com

Electronic surplus, much of
it high-end industrial or sc i­
entific; opticals , lase r. Online
sales with web catalog.

Boeing Surplus
Store
2065 I 84th Ave. S.
Kent, WA 98032
www.boeing.com/assocprod
ucts/surplus

All sorts of surplus, from
small plastic parts to large
machine tools - but no air­
craft parts. My guess is that
Boeing buys this stuff , puts
it in a warehouse some­
where for a few years, then
sells it at their su rplus store
at great prices! Local only in
Seattle, WA with a satellite
office in Los Angeles, CA.

Brigar
Electronics
7-9 Alice St.
Binghampton, NY I3904
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brigarelectronics.com
Handy selection of electronic compo­
nents, including unique sensors, con­
st ruction ha rdware, and motors, along
with the usual transistors, res istors ,
etc. Online sales with web catalog.

C & H Sales
2176 E. Colorado Blvd.
Pasadena, CA 9 I I07
www.candhsales.com

C & H is primarily a source for
mechanical surplus, but they also
stock var ious passive components, as
well as switches, relays , and motors.
Online sales through web catalog,
printed catalog, and walk-in store in
Pasadena, CA.

CTR Surplus
202 West Livingston Ave.
Crestline, O H 44827
www.ctrsurplus.com

Surplus electrical , including motors ,
test equipment, and power supplies.

Online sales with web catalog.

EIO.com
Po. Box 3 148
Redondo Beach, CA 90277
www.eio.com

Surplus sales of all major electronics
components, plus links and resources.
Online sales with web catalog.

Electro Mavin
2985 E. Harcourt St.
Compton , CA 90221
www.mavin.com

Electronic components, motors ,
batteries, optics, and test equipment.
Online sales with web catalog; retail
store in Los Angeles area.

Electronic
Dimensions
424 Puyallup Ave.
Tacoma,WA 9842 1
www.el-dim.com
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Robotics Resources

Military and ind us trial surplus, elec­
tronics, radio receivers, transmitters
and parts, electron tubes, test equip­
ment, and ham gear. Retail store in
Washington st ate, and online sales
with web catalog.

Electronic Goldmine
PO Box 540 8
Scottsdale,AZ 85261
www.goldmine-e lec.com

New a nd us ed elect ronic components
(LEDs, pote nt iomete rs , resistors ,
hea ts inks , trans isto rs , etc.), ro bot
ite m s, electronic project kits, a nd
more. Online sales with web catalog.

Electronic Surplus,
Inc.
5363 Broadway Ave.
Cleveland, OH 44 127
www.elect ro nicsurp lus.co m

Wide selection of test equipment and
electronics parts.

Electronics Plus
10302 Sout hard Dr.
Beltsville, MD 20705
www.electronics-plus.com

Product lines include batteries and
ba tte ry accessories; ca ble and wire;
ca pacitors a nd resistor s; chemicals;
circuit boards a nd accesso ries ; coils,
chokes, indu cto rs, and more. Local
reta il stor e and online sa les with web
catalog.

Electronix Express
365 Blair Rd.
Avene l, NJ 0700 I
www.elexp.com

New a nd surplus e lec troni cs , includ­
ing passive compone nts , motors,
relays , a nd more. Online sales with
web catalog.

Excess Solutions
430 E. Brokaw Rd.
San Jose, CA 95112
www.excess-solut ions.co m

Surp lus electro nics . Local st ore and
online sales .

Fair Radio Sales
PO Box I I05
Lima, OH 45802

24

www.fairradio.co m
Though specializing in surplus for
ham radio, Fair Radio also offers plen­
ty of general electronics and test
equipment. Online sales with web ca t­
alo g. A printed catalog is av ailabl e.

Gateway Electronics,
Inc.
8 123 Page Blvd.
St. Louis, MO 63 130
www.gatewayelex.com
Electronic surplus s tores in St. Lou is ,
MO, San Diego , CA, a nd Denve r, CO .
Online sa les ar e limi ted.

HSC Electronic
SUl?ply (Halted)
3500 Ryder St.
Santa Clara, CA 95051
www. halted .com
Online mail order sales, with walk-in
retail stores in Sa nta Cla ra ,
Sacra m ento , and Santa Rosa , CA.
Halted offers a mix of computer a nd
electronics surplus.

How to Buy
Mail Order

You've probably bought mail order
before , so you know the drill. But for a

reminder's sake, here's a list of do's and
don'ts when conducting business by mail.

Do:
Understand exactly what you are buy­

ing,when delivery will be made, and how
much you're paying before sending any
money. Sounds simple enough, but it's easy
to forget the small stuff when you're excit­
ed about findinggoodies for your robot.

Favor those companies that provide a
mailing address and a wor kingphone number
for voice contact (not just fax). Sellers with­
out one or the other aren't necessarily
crooks , but lack of contact information just
makes it harder to get hold of someone
should there be a problem.

Be wary of companies that advert ise by
sending unsolicited "sparn" via email.Spam is
basically free to send, so everyone can do it
- including the scamsters .

Verify shipping charges , handling
charges, and service fees before finalizing the
order.These costs can significantly add to the
price, especially for small orde rs.

Check out the company before sending
them a significant order ("Significant" is up to
you; it might be anything over $500 .00, or it
might be anything over $35 .00). Check for a
poor rating with the Better Business Bureau
(or similar institution for those outside the

Mark Hannah
Surplus Electronics
822 N.W Murray Blvd., PMB #250,
Portland, OR 97229
www.markhannahsurp lus.co m
Surplus electronics, tools. O n line
sales with web catalog.

Marlin P. Jones &
Assoc., Inc.
PO Box 530400
Lake Park, FL 33403
www.mpja.com
Wide assortment of e lect ro n ic
components at decent prices. O nline
sa les through web catalog , but get
the printed catalog for brows ing.

MECI - Mendelson
Electronics Co., Inc.
340 E. First St.
Dayton, OH 45402
www.mecLcom
Surplus electronics, motors, and even
a special section for combat ro bot

US) in the company's home town; in the
appropr iate newsgroups; or in online chat­
rooms or bulletin boards.

Dete rmine added costs for duty, taxes,
and shipping when buying internationally.

Carefully examine your monthly credit
card stateme nt for improper charges.

Don't:
Give your credit card number via email,

or on a web page order form, unless you
know the communications link is secure .

Buy from a source unless you feel very
comfortab le you can trust your money with
them.

Use a credit card to pay for goods from
a company you have not yet dealt with, send­
ing a check or money order is just as easy.
This limits the exposure of your credit card
accounts to possible Internet fraud.

Send money to foreign companies
unless you're positive they are safe bets.
Wh ile you're checking them out , be sure
they will ship to your country.

Should you have trouble with a mail
order merchant (and you or the business is
in the US), the following two organizations
might be able to help you reso lve the matter.

Better Business Bureau System
www.bbb.org/

National Mail Order Association
www.nmoa.org/
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$14.95
$19.9S
$19.95

$9.95
$8.95
$8.95

$39.95

$269.95
$349.95
5429.9S

$139.95

CS2

,/ Build It!
,/ Learn It!
,/ Achieve It!
,/ Enjoy It!

including electronics.

PROFESSIONAL FMSTEREO RADIO STATION

Learn howAM. FM. andShortwave radioswori<! Go back in time,andlearn the
theory howtouse acrystal diode toconvert AMradio to audioyoucan hear!
Learn thebasicsofbellsand motors. and actuallywatch themwori<! Stan agreat
hobby inelectronicswithour130in 1 Electronic Lab. andbuildaradio, radio
broadcaster. electronic organ. kitchentimer. logic circuits. and much. much
more! Allkitsaresolderless, usingspring-coil connections. making it safe and
easy for anyone to build. Detailed step-by-step instructions are included to guide
youthrough theentireproject Learn aboutelectronics and study thewonders of
sciencetoday!
AM2 AM RadioKit
AMFM7 AM/FM RadioKit
SR3 ShortwaveAM RadioKit
CS2 CrystalRadio Kit
BA1 Bell Action Kit
MA1 Motor Action Kit
PL130 130 In One Electronic lab Kit

.I Synthesized88to108 MHzwithnodrifl !

.I Built-in mixer - 2 line inputs. one micro­
phone input, nne level monitor output!

.I Highpower moduleavailableforexportuse

.I NI new design for 2002!
-""I.Lt.,;. : Introducing theFM100B, theall new designof

"flJ;~1r ;h:;Z"ld~~ai~~~I~~!S~:rc~~;,rfu~
II ebestperlomnance ever! FrequencysynthesizedPLL assuresdritt-freeopera'
tionwithsimple frontpanel frequencyselection. Built-inaudiomixer features
LED bargraph meterstomake settingaudioabreeze. Thekit includes metal case,
"';'ipantenna andbuilt·ln11 0voltACpower supply.
FM100B Super-Pro FMStereoRadioStationKit
FM100BEX 1 Watt,ExponVersion, Kit
FM100BWT 1 Watt,ExportVersion, Wined & Tested. .,

$64.95
$19.95

Gordon McComb can be reached at
robots@robotoid.com or visit his webs ite at

www.budgetrobotics.com/.

Sunnyvale, CA 94089
www.weirdstuff.com
Weird Stuff Warehouse sells surplus,
Retail store in Sunnyvale, CA. NY

ION GENERATOR

PLASMA GENERATOR

Circle #115 on the Reader Service Card.

These areeasyto build kits thatcan be usedeither stand-
4 alone or as building blocks for more complexprojects.

TS4 Tickle-Stick Shocker $12.95
BN9 Super Snoop Amplifier Kit $9.95
BL1 LED Blinky Kit $7.95
T01 Tone Encoder/Decoder Kit $9.95
m Touch Tone Decoder Kit $24.95
CP03 Code Practice Oscillator Kit $14.95
UT5 Universal Timer Kit $9.95

.. .I Generate 2' spsos toahand heldscrewdriver!
I .I Build your own plasma balls!

.I 2SKV at20KHz from asolid statesource!
Generate really impressive sparks, build yoo-ownplasma
ball. light fluorescent tubes without ~ires ! From asolid
state source. generate O\ef 2SKV at20KHzfortheroost
daulingdisplays!

Plasma Generator Kit
14VAC Output Power Supply

./ Generates negative ionswith ablast of freshair!

.I 7.SKV DCnegative, 400uA. that'sa lotof ions!

.I Steady stateDCvoltage, constant current, not pulsed!
l earn the basics of ion repulsionbybuilding this ion generator!
Createsacontinuous blast of freshair charged withatonof
ions. Periect forpollution and air freshening; justsmell those
ions! Solidstatewind generation ; you'llbeamazed!

Ion Generator Kit $64.95
110 VAC Power Adapter $9.95

AND...OUR FAMOUS MINI·KITS!

HANDHELD SPEED RADAR GUN
.I Measuresspeed fnom 10to110MPH!
.I SwitchableUS orMetric!
NowYOUcan cIodc that copcar! Uses thesame dopplerradar
technology astheir radar glJns use. we took IT outontheroad
andset offaLOTof radar detectors andthe traffic slowed right

- down! ReqUiressixMA batteriesnot included.
HandHeldSpeed Radar Gun, Assembled! $89.95

35 WATT LPFM STEREO TRANSMITTER

ELECTROCARDIOGRAM HEART MONITOR

.I 3SWRFoutput,VSWR protected

.I Automatic audio & powercontrols

.I Digitalsynthesized PLL

.I Full frontpanel control

.I 110! 220VAC. 12VDC operation
~ether your application is exportorLPFM, thePX1 has youcovered. From the
over-ratedcontinuous dutypower supply & power amplifier to the2 linevaarum
fluorescent display. yourstation willbethe easiest tosetup andtheroost reliable
forcontinuous operation. Full microprocessor controls pr<Mde a' virtual engi­
neer':Checkout""'Y.highJlO'W"flm for fulldetails.
PX1 35W Professional FMStereo Transmitter $1,795.00

.I Visible and audible display of yourhean rhythm

.I Re-usable sensorsincluded; just like visiting the hospital!

.I BrightLED ' beat' indicator

.I MonIToroutputforoscilloscopedisplay
Enjoy learning about theinner workingsof the heartwhile cov­
ering thestageby stageelectroniccircuit theoryof ECG! EKG
systems. Beheartsmartand leam at the sametime! Simple

and safe9VBatteryoperation.
ECG1 Electrocardiogram Heart Monitor Kit $39.95
CECG MatchingCase & KnobSet $14.95
ECGP1 0 Replacement Reusable Probe Patches (10-Pack) $7.95

PG13
PS12

.~

. -:.--- A .
. ~ ~ .

parts - large motors, batteries, that sort of thing . Online
sales with web catalog.

Skycraft Parts & Surplus, Inc.
Po. ~ox 536186
Orlando, FL32853-6186
www.skycraftsurplus.com

"Surplus mall" offering
power supplies, transistors,
relays , ICs, wire, cable, heat
shrink, transformers ,
motors, fiber optics, test
equipment, resistors ,
diodes, and more. Local
store in Florida, plus online
sales with web catalog.

Surplus Sales
of Nebraska
1502 Jones St.
Omaha, NE68102
www.surplussales.com
Surplus electronic parts,
including connectors, pas­
sive and active compo­
nents, electronics hardware,
relays and solenoids, chem­
icals, and antique radio
parts (to build antique
robots, of course). Online
sales with web catalog.

Unicorn
Electronics
11 42 State Route 18
Aliquippa, PA 1500 I
www.unicornelectronics.com
Large selection of electronic
components, including pas­
sives, transistors, logic ICs,
relays , and more. Online
sales with web catalog.

Timeline, Inc.
2539 w. 237th St., Bldg. F
Torrance, CA 90505
www.timeline-inc.com

Surplus of all kinds: elec­
tronic , computer peripheral ,
laser, motors , LCDs, and
more. Online sales with web
catalog.

Weird Stuff
Warehouse
384 West Caribbean Dr.
MARCH 2003



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

Amazing Devices from the Future
See on www.amazing1.com

Build and use spectacular and fascinating devices from novelty
products to electronic weapons including lasers, ultrasonic, electroki­
netic, antigravity Tesla, high voltage, plasma, surveillance and
hundreds more. Plans, kits assembled. Many in live video clips.
Information Unlimited Amherst NH. 03031 Tel# 1 603 673 4730

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

MAIL ORDERS CALL TOLL-FREE-I-800-669-5810

www.howardelectronics.com

®

C Compiler for PIC M CUs
262-797-0455

Ext. 35
www.ccsinfo.com/picc

OVER 8,000 ELECTRONIC ITEMS ONLINE

DEALSYOU WON'T BELIEVE!

C & S SALES
WWW.CS -SALES .COM

Digital Multimeters , Soldering Stations . Test
Equipment. Snap Circuits, Educat ional Kits

,
Your BASIC Stamp Headquarters

www.parallax.com

www.robotikitsdirect.com
See ou r fantast ic line-up

of state-of-the-art
robot kits

World's Smallest
Ethernet Web

Server

www.netmedia.com consumertronics,net

EARTHL.u: COM

Largest Collection
of LCDs and LCD

Products

www.lonestartek.net
Smart Battery Charger &

Mo re Ham Radio Accessories
www.a-aengineering.com

Tools for the Imagination
Embedded Controllers
www.micromint.com

Single & Dual Axis
Solar Tracker Controls
www.theanalogguy.com

Robots For When You're
T ired of Playing W ith Toys

www.lynxmotion.com

ONE PASSircuit™

~
; ............... •. . From onlyft~~-.~~ . $6.95
"r. ~ ~· +S&HI'.bol Z. - ;. _ .

www.onepasinc.com

Electronics, Optics,
Surve illance

www.resunltd4u.com

Repair Data forTV,VCR,
Mon itors,Audio & Mo re
www.repairworld.com

Battery Rebuild Serv ice
Don't Pitch 'Em - Save $$

www.primecell.com

Save up to 90% on
Inkjet Inks

www.inkietsw.com

www.zworld.com
Embedded Control

with Ethernet Connectivity

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

Thousands of active electronics hobb yists,
expe rimenters, and engineers are just a mouse click away
from yo ur website . Now you can get both a print ad and
internet link for one low price.

We'll place your ad on the Electronics Links page of our
website wit h a hotlink directly to your website - Plus run
your ad in the new Electro-Net section of Nuts & Volts.All for
one low monthly price. Call for pricing today! (909) 371-8497

Elect:ro-Net: Go to www.nutsvolts.com - click electronics links
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A VIDEO MICRO SCO PE in the PALM of
your HAND! NEW, VIDEO INSPECTOR,
OFFERS HIGH PO WER and LO W COST.
Two optical magnifications at the flick of
a le ver. Select 40X or 740X. A high qual ity,
digital, color CCOcornero . w lth dual
optical magnification settings &
built in object illumination via
two ultra bright , wh ite LED's.
Entire system is fully integrated
into a rugged and ergonomi­
cally designed, hand held unil.
2.7"W x 3"H x and 1.8"0 Video
outpu t is standard NTsCvia a RCA
jock. CCO provides 380 lines of resolution. Comp lete
with 12VOCpowe r supply & 3 fool RCAcoble . A
fantastic & useful device for inspection , diagnostics
and observation of small objects . Perfect for sMT
inspection GM- MAGCAM....$18gea.

• (530) 891-8045 •

STEPPERM O TORS, NEMA 34,
HEAVY DUTY, NEW! sTEP-sYN,
type 103-820-0241 Stepper Motor
from sANYO DENKI.
A three piece set of
Nema size 34 flange .
Heavy duty, Brand
new, 2deg . per step,
six wire steppers. ,
Superior, dual sealed boll
bearings far heavy loads and \
long life. Marked far 4.SV @ 1.4Amps. We do
not know the officiallorque spec. We believe
it to be 150 to 200 ozlin If you know, please
let us know. Overall size is: 3.4" Oiam. x 2.5"
Deep with a 0.375'0 shaft thai is l .l 'L, Weigh
2.5 Ibs. each. A very nice DIYslepper with a
lot mare 10offer Ihan the usual nema 23's.
SANYO-3.. .. ....3 molars lor $59

SONY EX-VIEW CCD for the best "ASTRO N O MICA L" PERFORMANCE availab le in
an uncooled aHordable camera! With 600 Lines Resolution. NEW! 0.00005 Lux,
Block and white, state of the Art Videa, Our GMV-EX-6K, Tokes the
Prize. Forcovert. military& scientific applications. this is it.
Unbelievable O.OOOOSLux @fa.8 perfarmance is enhanced Ihrough
low speed electronic shuttering, digital frame integration and
advanced OsP. Auto sensitivity mode storts as it becomes dar k. 24
hour surveillance is possible with the optional f1.2 auto iris lens shown
below . Seven Gain/Shutter modes are user selectoble. Narma l, X4, X8, X16,
X24, X32, X64 X128. frame roles of 60, IS, 8, 4, 3, 2,1and 0.5 per second . Aut%ff
BLC, SIN >S2dB, Mirrar on/off, Gain on/off, aula electranic shutter 1/60 101/120,000 sec.,
Alum . housing, duall/4 x20 mtg. Specs: 112" CCO, 7681HI X 4941VI, with 380K pixels, 12VOC
±lV@200mA, s"VIOEO on 4pin DIN connector. Sid. video oul on BNC.Size: Slmm x Slmm x115mmlong.
Regulaled power supply incl. All functions externally controlled . C-mount lens not included.

GMV-EX6K..... .$529 Super, 6mm, fl .2 Manual Iris Lens......$69

NEW, ULTRA LONG RANGE, 204GHz SOOmW Video/Audio MINI-TRANSMITTER
with EXTERNAL ANTENNA RECEIVER, Provides FOUR use r selectable channels.
YAGI or PARABOLIC ANTENNA INCLUDED! Simply connec t ANY standard
NTsCVIDEOto the self cantained, SOOmW, mini 13' x 2.5' x 0.75"1transmitter.
Omnidirectional patch antenna included inside transm itter. Now you con
transmit up to several miles clear line of sight l Using the companion, external
antenna receiver is a simple connection to the attached 36" long cob le, terminated in a mo le
N connector. Receivers video output works wi th any TVar VCR. Receiver is powered by 120C @300mA.
Receiver size is: 6"Lx 3"W x I S H, The transmitter is powered by SVOC@ 4S0mA. lall AC power suppl ies &
cables inciudedJ.Choose your choice at a 14dBYAGI antenn a or a 24dB Parabolic antenna. Isee antennas at
WWW.REsUNLTD4U.COM AST- LR- YAG I. .. .. $ 3 2 9 se l . AST-LR-PARABOLlC.....$369 sel.

C ir cl e #1 36 on t he Re ade r Se r vic e Car d.

NOW, EVEN M O RE, POWER to SPARE!
FANTASTIC, 72 VOLT, 28 Amp Hour,
PANASONIC LC-X7228p, SEALED

RECHARGEABLE BATTERY.
~ '5. We carefully rem oved these.

sealed lead acid batteries from
unused 4 ba ttery "trays" intended
as port of a power backup
system. They are in mint condition
Regular price of this battery is
abaul $90ea . Now is your chance
to perk up those heavy duty powe

projec ts. Perfect far powering bottle bats, telescopes or
as port of a solar power system. Even your fish finder,
underwater camero or smaller trolling motor . The size
is a manageable 6.S"W x 6.9"H x 4.9'0, we ighl is 22
Ibs. Heavy duty, lead post type connecli ons w ilh 6mm
boll holes . Use two in parall el far S6Ah

'
PANA­

1228P..$3gea. 2 lor $59

MARCH 2003 Circl e #137 on th e Re ad er Servi ce C ard.

27



Let's Ge t Tee hn ical byJames L. Antonakos

Let's
Electronic Theories and Applications From A to Z

Get Technical
Inside Protected Mode - Part I

Memory Segmentation and Paging
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8088) architecture, which provided four
16-bit segment registers (CS, DS, ES,
and SS) and a 20-bit address bus. In
real mode, addresses are generated by
shifting 16-bit segment registers to the
left, and adding a 16-bit offset to create
a 20-bit physical address. The 20-bit
address supports a 1MB real-mode
addressing space. As we will see, in pro­
tected-mode, memory addresses are
generated in a totally different way.

Segment registers are now called
segment selectors, and point to a struc­
ture called a segment descriptor. The
segment descriptor contains address­
ing and control information which is
used to control how a 32-bit linear
address is generated. These addresses
may then be further translated by a
paging mechanism before emerging as
a physical address somewhere in the
Pentium's 4GB addressing space.
Beginning with the 80386 CPU, the fea­
tures of protected mode enabled oper­
ating system designers to manage and
protect memory and user tasks, using
built-in protected-mode hardware and
software. A number of additional reg is­
ters are available in protected mode.
These registers are shown in Figure 1.
The five control registers in Figure 1(a)
control how memory and cache are
used and how the FPU (Floating Point
Unit) is handled, and provide informa­
tion on the current execution state.

CRO contains many importa nt
control and status bits. Their functions
are as follows:

PG: Paging. Enables paging when set.
CD : Cache Disable. Disables cache

writes when set.
NW: Not Writethrough. Disables cache

writethrough operations when set.
AM: Alignment Mask . Allows align­

ment checking when set.
WP: Write Protect. Enforces supervisor­

level write protection when set.
NE: Numeric Error. Allows float ing-

DRO

DRI

o

DR2

DR3

DR4

DRS

Il B Il Il DR6
3 2 I o

IG II. IG II.
G I. G I. G I. DR?

E E 3 3 2 2 I I 0 0

Introduction

ware , each affect ing the other.

The architecture of the Pentium 's
protected mode is significantly different
from that of real mode. Real-mode oper­
ation refers to the original 8086 (or

RIW G
IJ D
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tional protected-mode registers:
registers, (b) debug registers.

I

Breakpoint 0 linear addnjss

I

Breakpoint 3 linear address
I

II IB Il
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Breakpoint I linear addnjss

I
Breakpoint 2 linearaddrdss

I
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I Let's Get Technical
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Data Descriptors

Code Descriptors

Table I : Segme
descripto r type

Requestor privilege leVCI )
00 - Highest
01
10
I I - L OWCSl

Index (l3-biD

Execute-on ly
Execute-only,accessed
Execute/read
Execute/read, accessed
Execut e-o nly,co nforming
Execu te -o nly,confo rming, access ed
Execute /read-only, co nforming
Execute/read-only, conforming, accessed

Table indicator }
0 - GDT ------ - - - .....

I- LDT

15

8
9
A
B
C
D
E
F

Type
o
I
2
3
4
5
6
7

Segmentation

LDTR, which is initialized through use of
the LLDT (load local descriptor table
register) instruc tion . LLDT requires a
word-size register or memory operand,
which represents the index of the LDT
in the GDT. To obtain a copy of the cur­
rent GDTR or LDTR, use the SGDT
(store global descriptor table register)
or SLDT (store local descriptor tabl e
register) instruct ions. SGDT requires a
six-byte destination operand in memory.
The destination for SLDT is a word-size
register or memory operand.

Segmented memory is utilized by Two req uestor privilege level (RPL)
protected mode to allow tasks to have bits are used in protection check s to
their own separate memory spaces, de termine if access to the se gment is
which are protected from access by allowed. Selectors may be loaded into
other tasks. In this section, we will any of the six segment registers (CS,
examine the operation of segmented DS, ES , FS , GS, and SS) . A se lector that
memory. has an index va lue of zero and points to

Selectors - As previously men- the GDT is called a null se lector. This
tioned , the segment registers we are selector value is reserved to provide a
familiar with from real mode have a dif- method of initializing segment registers,
ferent function in protected mode. since any access using a null selector
Figure 2 shows the format of a segment generates an exception.
selector. Segment Descriptors - A se lec-

Segment selectors co ntain a 13-bit tor points to one of 8 ,192 segment
index field that is used to select one of descripto rs stored in the GDT or LDT.
8 ,192 segment descriptors that reside The structure of a segment descriptor is
either in the global descriptor table shown in Fig ure 3. The segment
(GDT) or the local descriptor table descri ptor conta ins a 32-bit ba se
(LDT). There is only one GDT in pro - address that specifies the beginning of
tected mode. Protected-mode tasks , the segment of memory controlled by
however, may each have ,-- - - - - - - - - - -
their own LDT. The TI bit in
the segment selector pick s
the appropriate descriptor
table during translation .
The GDT is located in
memory through use of
the GDTR. The GDTR is ini­
tialized with the LGDT
(load global descriptor
table register) instruction.
LGDT loads six bytes of
data from a source memo­
ry operand into the GDTR.

Local descriptor tables
are referenced through the

LAR: Load access rights
LGDT: Load global descrip­

tor tabl e register
L1DT: Load interrupt descrip­

tor table register
LLDT: Load local descriptor

table register
LMSW: Load machine sta-

tus word
LSL: Load segment limit
LTR: Load task register
MOV: Move data to/from con-

trol register
RD TSC: Read from time

stamp counter
SGDT: Store global descriptor table

register
SlOT: Store interrupt descriptor ta ble

register
SLDT: Store local descriptor table register
SMSW: Store machine status word
STR: Store task register
VERR: Verify segment for reading
VERW: Verify segment for writing

ARPL: Adjust requested privilege level
CLTS : Clear task switched flag
CPOID: CPU identification

Figure 1(b) shows the eight debug
registers. These registers are used to
support prog ram debugging by indicat­
ing the address at which a program
breakpoint was generated , as well as the
size of the breakpoint data or instruc­
tion, whether it was a read or write
request, and what kind of bus cycle
(instruction fetch , da ta , or I/O access)
to generate breakpoints on . Both con­
trol and de bug regis ters may be loaded
or saved using the MOV instruction.

Additional pro tected-mode registers
are used to support interrupts and
tasks, and these will be covered as well,
including the GDTR (Global Descriptor
Table Register), LDTR (Local Descriptor
Table Register) , IDTR (Inte rrupt
Descripto r Table Register), and TR
(Task Register) . Privileged instructions
that operate on these new registers a re
present in pro tected mode, and these
will be examined also. Briefly, these new
instructions are as follows:

point errors to be reported when set.
ET: Extension Type. Rese rved.
TS: Task Switch . Set when a task switch

occurs.
EM : Emulation. Indica tes the presence

of a coproce ssor. Sh ould be zero on
the Pentium , which has an internal
FPU.

MP: Monitor Co processor. Must be set
to run 80286 and 80386 programs
on the Pentium.

CR2 : Contains the 32-bit linear address
th at generated the most recent page
fau lt.

CR3 : Conta ins the base address of the
current Page Directory, which is used
to su pport paging.

CR4: Has six bits whose operation is as
follows:

VNE: Virtual-8086 Mode Extensions.
When set, enables emulation of a
virtual interrupt flag .

PVJ: Protected Mode Virtual Interrupts.
When set, allows a virtual interrupt
flag to be maintained in protected
mode .

TSD: Time Stamp Disable. Used to
make the RDTSC instruction privi­
leged.

DE: Deb ugging Extensions. Enables I/O
breakpoints when set.

PSE: Allows 4MB pages when set.
NeE: Enables the machine check

exception .
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Let's Get Technical

LDT. The 32-bit base
address from the segment
is added to the 32-bit offset
to create the linear address .
This address is compared
with the limit information to
check for illegal memory
referenc es .

The segment limit of a
selector can be examined
with the LSL (load segment
limit) instruction. The seg­
ment limit of the segment
specified by the source
operand is loaded into a
de stination register. If pag­
ing is not used, the 32-bit
linear address is the same
as the 32-bit physical

address output on the address lines.
Otherwise , the paging hardware con­
verts the linear addres s into a physical
address.

Privilege Levels - The RPL and
DPL bits found in the segment selector
and descriptor are used to perform pro­
tection checks each time an address is
generated. These protection checks are
based on a four-level privilege hierar­
chy, with level 0 be ing the highest level
of privilege , and level 3 the lowest.
Prog rams execute with a particular
level of privilege, and therefore make
memory req uests (and other types of
requests , such as interrupt and subrou­
tine re-quests , or task switches) based
on thei r privilege level. The privilege
level of the currentl y-executing pro­
gram is called the current privilege level
(CPL). The lower two bits of the CS reg­
ister specify th e CPL of the program.
The CPL is com pared with the RPL and
DPL during address generation to
enforce protection.

In genera l, a less privileged pro­
gram may not access higher privileged
segm ents. Intel refers to the four pr ivi­
lege levels as rings of protection. As
shown in Figure 5, a typ ica l operating
system m ight use privilege level 0 (the
highest) for private as functions, level
1 for as services available to applica­
tions, level 2 for device dr ivers, and
level 3 for application programs. This
allows th e operating system to have
control over what code and data struc­
tures are available to software running
on the system . Any protect ion violation
will cause an exception that may be
serviced by the operating system. So ,
prog rams will not be able to get away
with illegal memory references (over­
writing im porta nt operating system

Description

Reserved
Available 16-bitTSS
LDT
Busy 16-bitTSS
16-bit call gate
Task gate
16-bit interrupt gate
16-bit trap gate
Reserved
Available 32-bit TSS
Reserved
Busy 32-bit TSS
32-bit call gate
Reserved
32-bit interrupt gate
32-bit trap gate

o
I
2
3
4
5
6
7
8
9
A
B
C
D
E
F

Typeo

Table 1 shows the
various types of segment
descriptors that may be
used by applications .
Table 2 shows the differ­
ent system segments that
are available.

Generating a
Linear Address - When
a valid descriptor is in
place in the GDT or LDT,
the linear address associ­
ated with it is generated
by the process shown in
Figure 4. The I3-bit index
from the segment sel ec­
tor points to a segment
descriptor in the GDT or

Segment
limit

(16 -19 )

A
V
L

results in an exception. The remaining
bits are defined as follows:

P: Indicates whether the segment is
present in memory. A segment-not­
present exception is generated if this
bit is clear when the segment descrip­
tor is accessed.

S: When set, indicates that the seg­
ment is a system segment. When
clear, the s segment is a code or data
segment.

0/8: For code segments, D/B controls
the default operand and address size
(16 bits when D/ B is clear versus 32
bits when set). For data segments, D/B
controls how the stack is manipulated

(via SP or ESP with 16- or
32-bit pushes/pops).
AVL: Available to the pro­
grammer.
Type: This four-bit field
determines what kind of
segment descriptor is
being used.

Page
tmnslarion
(if enabled )

I
I

Base address (16 - 23)
I
I

o
D
I
B

32-bit offset

G

lOll

1811

FFF811

Oil

811

Segmem
descriptor

Global or local
descriptor
table

Base address (24 - 3 1)

o

8191

If-bi t selector

IJ~bil index

Lo gical address

I
I
I
I~ J

Word 3

15 12 II 8 7

Word 0
,

Segment limit (0 - 15)
I
I

I
I

Word I Base address to- 15),

Word 2 P DPL S Type

the descriptor. The size of the segment
is indicated by a 20-bit limit field and the
state of the G (granularity) bit. When G
is clear, the limit bits represent a seg­
ment size up to 4KB.

Any attempt to access a memory
location outside the limit generates an
exception.

When the granularity bit is set, the
limit bits represent the number of 4KB
pages contained in the segment. This
allows the size of a segment to be from
4KB to 4GB!

Two descriptor privilege level (DPL)
bits specify the privilege level required
to access the segment. An attempt by a
less privileged task to use the segment

,

Figure 4: Segment translation .
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Translation Lookaside Buffers
Since the page directory and page

ta ble are 4KB pages themselves, it
would be very inefficien t to have to
access them every time an address
requires tran slat ion, since two memory
reads are needed to read the entries
from each table.

To improv e pe rformance, the inter­
nal instruction and data caches of the
Pentium contain small, specia l caches
called tra ns lat ion loo kasi de buffers
(TLBs) that au tomatically translate the
upper 20 bits of the virtual address into
the upper 20 physical memory address
bits . The TLBs are needed because the
cache must be accessed with phys ical ,
not virtual, addresses.

The TLB can translate the virtual
address and access the cache with it in
a single clock cycle . Since the TLBs are
sm all, the y contain only the addresses
of a few of the most recently-used
pages . If the required tran slation infor­
mati on is not found in the TLB, the
processor accesses the page directory
and page table en tries sto red in RAM.

Figure 5: Rings of protection.

Fig u re 6:Virtual (linear)
to physical mapping.

bits. Paging is enabled when
the PG bit in CRO is set. This
is a requ irement for runn ing
multiple tasks in virtual-8086
mode. In addition , many
operating systems employ a
memory management tech ­
nique called demand pagi ng ,
which requires the kind of
address translation
described here .

Page Directories and
Page Tables - Figure 7
shows how a 32-bit virtual
address is translated into a
physical address. The upper
10 bits of the virtual address
select one of 1,024 en tries in
the page directory. The base
address of the page direc tory
is stored in the page directo-
ry base register (PDBR). Each entry in
the page directory is four bytes wide
and contains the base address of a page
table. The next 10 bits from the virtual
address select one of 1,024 entries in
the page table pointed to by the page
directory entry. This entry is also four
bytes wide and contains the base
address of the actual physical memory
page frame. This address is combined
with the lower 12 bits of the virtual
address to access the desired location
in memory.

Note that the page directory and
page table are themselves also 4KB
page frames stored in memory. Let us
examine an actual virtual-to-physical
address translation. Figure 8 ou tlines
the translation process. The virtu al
address 80 1C3400H is broken up into
three parts. The upper 10 bits contain the
value of 200H (when reinterpreted) . This
is the offset of the page directory entry.
The PDE conta ins the base address
000E4000H. This is the base address of
the page table . The next 10 bits of the vir­
tual address have a value of 1C3H, which
becomes the offset
into the page table.
The address stored
in the PTE
(00028000H) is the
bas e add ress of the
physica l me mo ry virtual

page frame. This ..Jd""

address is com-
bined with the lower
12 bits of the virtual
address (400H ),
giving a physical
address of
00028400H.

ARPL is used to adjust the privilege
level of a selector by comparing privi­
lege levels of source and destination
operands. LAR loads a copy of the
access rights of a selector containing a
source operand into a destination regis­
ter. VERR and VERW both compare the
current privilege level with that of the
source operand selector. If read or write
access is allowed, the zero flag is set.

data tables) or funct ion ca lls (like call­
ing a function that changes privilege
levels).A number of instructions are pro­
vided to manipulate and exam ine pro­
tections. These are:

ARP L: Adjust requested privilege level
LAR: Load access rights
VERR: Verify segment for reading
VERW: Verify segment for writing

Paging
The Pentium supports translation

of virtual (linear) addresses into physi­
cal addresses through the use of special
tab les that map portions of the virtual
address into actual physica l memory
locations. Figure 6 illustrates the gener­
al process.

Physical memory is divided into
fixed-size page frames of 4KB each; 32­
bit virtual (linear) addresses generated
by a running task select ent ries in the
systems page directory and page table,
which translate the upper 20 bits of the
virtual address into the actual physical
address where a page frame is located.
The lower 12 bits of the virtual address
are not translated and point to one of
4,096 byte locations within a page
frame. Page translation allows the phys­
ical memory used by a system to be
much smaller than the linea r addressing
space. For instance, the Pentium 's 4GB
linear addressing space ma y be
mapped to a physical memory of only
128MB. This does not pose a problem ­
as evidenced by Windows and Linux,
which run quite nice ly with 128MB of
RAM.

As Figure 6 shows, the pa ges used
by a program do not need to be stored
consecutively. A program's code and
data may be sp read out all over physical
memory, and even moved around (with
help from the hard disk ) while the pro­
gram is executing! This helps to explain
why the linear addresses are also called
virtual addresses , since the y have no
relation to the actual physical memory
address used, except for the lower 12
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607-778-5122 or
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o r visit his web site at

www.sunybroome.edu/-antonakosj.

In Part 2, I'll examine some addi­
tional protected-mode features, includ­
ing protection, multitasking, interrupts,
protected-mode input/output opera­
tions , and Virtual-8086 mode. An ac tu­
al protected-mode assembly language
program will also be presented. NY

chosen to make room for the new
page. The P-bit of the victim's PTE is
cleared, to show that the page has
been swapped out. The page may be
copied back to the hard disk (as
required by the dirty bit) before the new
page is read in.

The Pentium uses the P-bit to gen­
erate a page fault when attempting to
access a page tha t is not in memory.
One characteristic of a demand-paging
system is that pages are only brought
into memory when needed. Page faults
are used to load a page into memory
the first time it is needed, and to reload
it if it has been swapped out.

It is interesting to note that, using
demand-paged virtual memory man­
agement, all or part of many different
programs may be stored in many differ­
ent locations in physical memory. Page
faults are used to bring in other parts
(pages) of the programs, as needed.
Performance depends on how many
pages a program is allowed to have in
memory at one time.

More to Come

There is a free page frame available.
No page frames are available.

12 1\ 9 8 7 6 5 4 3 2 I 0

I! II 9 8 7 6 5 4 I ()

In a demand-paging system, when
a new page is needed, one of two con­
ditions may be true:

help choose a victim
page to swap out when
all pages are in use and a new page
must be loaded into RAM. A page
that has been accessed is less likely
to be swapped out than a page that
has not been accessed.

PCD: Cache Disable. This bit deter­
mines whether the current memory
access is cached.

PWT: Writethrough. This bit enables
writethrough operations between the
cache and memory.

U: User. This bit is used when perform­
ing protection checks on the current
memory address.

W: Writeable. This bit determines
whether the page may be written to
and is also used in protection checks.

P: Present. This bit indicates whether
the page is actually stored in memory.

If a page frame is available, the
new page is simply copied into memo­
ry at the appropriate address, the TLBs
are updated, and the P-bit is set to indi­
ca te that the page is in memory. If no
free pages exist, a victim page must be

Figure 9: Fo rmat of (a) page directory entry; (b) page table entry.

31

p p

Page frame address f J2 - 3 1) Avail. () 0 0 A C W U W P
0 T

PDBR- Page directory base register
PDE - Page directory emf) '
PTE- Page table entry

PTE
t bJ

D: Dirty. This bit is set if a write has
been performed to the page pointed
to by the PTE. Dirty bits are used to
determine if the page should be writ­
ten back to the hard disk when the
page is swapped out (to make room
for a new page coming in).

A: Accessed. This bit is set if a read or
write was performed to the page
selected by the POE and PTE. This
bit is used by the operating system to

tal

The operating system is responsible for
loading the new translation information
into the TLB. Prior to doing this, it may
be necessary to invalidate the contents
of the TLBs, since they may contain
out-of-date information. The INVLPG
(invalidate TLB entry) instruction is
provided for this purpose, and may
only be executed in protected mode.

Page Directory Entry and Page
Table Entry Formats - Figure 9 indi­
cates the formats of page directo ry and
page tab le entr ies. The upper 20 bits of
each entry specify the base address of a
page frame . In the POE, this address is
the base address of a page table. In the
PTE, this address is the base address of
the physical memory page frame. Three
bits are available for the programmer to
use for any purpose, such as counting
the number of times the entry is
accessed. The remaining bits in each
entry are defined as follows:

31
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ICable-Lock with 110 db
Electronic Siren

75~Ch

Made by Masterlock. 8 foot
vinyl-covered steel cable­
lock with an extremely loud
motion-sensing alarm.
Designed to lock a rifle rack,
the cable can be
passed through the
trigger guards of
several guns. Once set,
any slight motion will set
it off. It is loud enough,
110 dB, and annoying
enough to scare away children
or others who might tamper with it. There is an
8 to 10 second delay before the alarm goes off
to allow user to unlock the cable without being
exposed to the loud siren. Could be used to
protect cabinets, bicycles or machinery. Not
designed for outdoor use. Includes two keys.
CAT # SW-625

$795 ""----:1-=-0-=-fo-r-::'S-=-7.-=-45~e-a-c':""h--'
each Case of 54 pcs $6.45 each

The Brightest!!!
Super-U/trabright Red LED

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 10 for 65¢ each

100 for 50¢ each
1000 for 35¢ each

QUALITY Parts

FAST Shipping

DISCOUNT
Pricing

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

E-MAIL allcorp@allcorp.com

24 Character X 2 Line LCD
with LED Backlight

Optrex # DMC24201
0.21" high

char- The phone cord for laptop users!
acters. The body houses 8 feet of ultra
5 X 8 dot format. thin telephone wire with an RJ-11
LED backlight. connector at each end. Extend
0.63" x 3.7" viewing area. 1.53" x 4.7" module as much or as little wire as
size. Removed in good condition, from new necessary, and when it is time
equipment. Prepped with 4" wire leads termi- to go, it can be retracted in
nated with 15 pin socket ~onnector (0.075" cen- seconds. CAT # MT-27
ters). Includes hook-up diagram. $950 1

00CAT # LCD-74 _ $ 10 for $7.50
each each 100 for $55.00

Special 12 Vdc Strobe Deal

We have a limited supply of
this 12 Vdc 150 mA mini
strobe. Available in three
colors: red, blue and
amber (yellow).
90 flashes per minute.
Strobe is 2.65" dia. at base
and is 2.44" at top. Overall height is 1.57".
Black bezel is 2.89" dia. x 0.42". Only one hole
needed for both mounting and wiring. Built-in
0.235" diameter screw has hollow center that
allows power wire to pass through. Includes
weather-resistant gasket and mounting nut.
RED CAT# STROBE-4R $ 6.00 each
BLUE CAT# STROBE-4B $ 6.00 each
AMBER CAT# STROBE-4Y $ 6.00 each

IAlB Phone Switch or Project Boxl

AB switch for switching betwe~n
two phone lines. Three RJ-11
modular jacks on back, t-in,
2-out, or vice versa. Two- ~ •
position rotary switch on fAl~ •
front. This inexpensive ~ s~
all-metal chassis would
make good project enclosure. When the parts
are removed, there are few holes and a 3.5" x
5.84" x 2.15" interior area. Rubber feet.
Individually boxed. $450
CAT# FNS-2 each

Ro

MA IL ORD ERS TO:

AL L ELECTRONICS CORP.
P.O. BO X 567' VAN NUYS, CA 91408-0567

c

JMC # 1238-12HBA
120 mm (4.72") square x
38 mm (1.5") wide cooling
fan. Dual ball bearing fan
provides reliable output of
130 CFM @ 3500 RPM.
12 Vdc, 1.2 Amp. 49 Dba
max at 1M. Designed for
50,000 hours @ 25 deg. C.
Thermoplastic housing and 7 blade impeller.
Three 7" pigtail leads with 3-pin connector (0.1"
cntrs). Third lead is for sensing rotation.
Prepped with metal finger guard. UL, CSA,
CUL, CEo Large quantity available.

CAT # CF-152 80 for $4.00 eac h
400 for $3.00 each

1000 fo r $2.00 each
2000 for $1.70 each

Excelsus Technologies, Inc. # Z-200SM
Z-Blocker® filter effectively filters
single-line phone devices ~ .,.
(standard or cordless ~ >

phones, fax machines, ~
answering machines,
etc.) Isolates DSL and home phone line net­
working signals from voice signal for peak data
performance. Ideal for blocking RF interference
from cordless phones for uninterrupted video
laudio streaming. Easy installation. UL, CSA
listed. Complies with FCC part 68 regulations.

CAT# FTR-200 $425
each

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

DSL / Phone Filter

Incredible Price! High -Velocity
12 Vdc 120mm Fan with Screen

12 Vdc 1;25 AMP Power Supply I
DVE # DSA-0151-12
2.1mm I.D. coax power plug.
Center positive. UL, CSA.
CAT # PS-1215

$7~~h

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 • Quantit ies Limited • Prices Subject to change without notice.

ILL
ELE

110 for $6.95 each ' 100 for $6.50 eac h 1

MANUFACTURERS - We Purchase EXCESS INVENTORIES••• Call Write E-MAIL or Fax YOUR LIST.
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Order YOlJrfront ponels online

ond receive them ju st in time

www.frontpanelexpress.com

rMroNicd1
Packs & Charger (or YAESU FT-50R 140R 1 10R:

FNB-40xh ss~,,"" 7,2v 650mAh $41.95
FNB-47xh 1"""1 7,2v 1800mAh $49,95
FNB-41xh !S. N,MHI 9.6v 1000mAh $49,95

For YAESU FT-51R 141R 1 11R:
FNB-38 pack ISWl 9.6v 700mAh $39.95

For YAESU F T-530 / 4161 8161 76126:

FNB-26 paek tNoMH) 7.2v 1500mAh $32.95
FNB-27s "'''''''1 12,Ov 1000mAh $45.95

For YAESU FT.4 111470173 133 123:
FNB-11 pack (5w) 12.0v 600mAh $24.95
FBA-10 6-Cell AA case $14,95

Packs for ALiNCO DJ-580 1 582 1 180 radios :
ESP-20ns pac k 7.2v 1500mAh $29.95
EBP-22nh pk (5w) 12,Ov 1000mAh $36,95
EDH-11 6-Cell AA case $14,95

For ICOM IC-Z 1A 1 T22-42A 1 00 1· 32A / TlA:
BP·180 xh pi< (NoMH) 7.2v 1000mAh $39.95
BP-173 packf5wl 9.6v 700mAh $49.95

For lCOM fC-VV21A 12GXAT 1 V21A T."I8I~r;k cx G,.y,

BP-132s "'''''"1 12,Ov 1500mAh $49,95

For lCOM IC-2SAT I W2A 13SAT1 4SAT etc:
BP-83 Rook 7,2v 600mAh $23,95

For ICOM 02AT etc & Radio Shac k HTX-202/404:
BP-8h pack 8.4v 1400mAh $32.95
BP·202s plld fHTX.2021 7.2v 1400mAh 529.95

For KENWOOD TH-79A 142A 122A:
PB-32xh p~ r;k( NoMHI 6.0v 1000mAh $29.95
PB-34xh plek !5w Nl"'*'!1 9,6v 1000mAh $39.95
For KENWOOD TH-7814 8 128 / 27:
PB·13 !originalsi~.!l 7.2v 700mAh 526.95

For KENWOOD TH-77, 75, 55, 40, 45,26,25:
PB-6x NIMH wle II 7.2v 1200mAh 34.95

Mail , phone, & Faxorders we lcome ! Pay with
Mastercard f VISA I DISCOVER I American Express

Call 60B-B31-3443 I Fax 608-831-'082

Mr, NiCd - E II, I'o.,r & Company
22 11-0 Parview Road, Middleton, WI 5356 2

CAll OR WRITE FOR OUR FREE CATAlOGI
Cellular ' laptop I v oecca m f Commercia l & Aviation packs tool

E-mail: ehyost@midplains .net

TC51 $129
Atm el 89C4051, serial EEPROM, two 12

bit AID, four digital 110 , four 10 amp
relays, plus en-beard Tiny Machine

Basic with LCD support - a full
featured control system.

INdus TRO LOGic$

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

www.industroloqic.com

SBC-1 $199 (With 12 bit AID - $219)
Intel 80C51, EEPROM, 8 bit AID. RAM.

real t ime clock , 50 digital 110 , industrial
1/0 connectors, on-board Tiny Basic.

The Industro/ogic Advantage:
Power supply, cable, and software
included with most products - no
hidden charges for "accessories'"

Complete cont rol
systems for the
pric e of an SSC.

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

boards or as standalone
industrial controllers!

C ircle # 131 on th e Reader Serv ic e Card.

T51 $49
Atmel 89C2051, 9 digi tal 110, on­
board Tiny Machin e Basic, serial

EEPROM. plus plug- in boards .

To access RepairWorld. direct yo ur internet browser to http://www.repairworldcom

RC51 $129
Atme 189C2051. seria l EEPROM,
eight 10 amp relays , 4 digital 110,
Tiny Machine a astc . a complete

relay control syst em.

RIO·8 ·LL and RIO·8 ·0C $59
Eight 10 amp relays for your micro .
Log ic level or open-collector dr ive.

Can be split into two 4 relay boards!

Repair data for Til, VCR, monitor, audio, camcorder, & more.

Over 100,000 constantly updated problem/soluti ons plus...
• Tech sChat live chat room. • ULlFCC number lookup,
• Private user discussion forums. • Hot tips bulletin board .
• Automated email list server . • Manufacturer information.

M2LElectronics
9701259.0555

Fax :9701259..o777
250 CR 218

Durango, CO 81301
CO orders please add 7%

sales tall

• Easy to usemenu basedsoftware has
binary editor , read, verify, copy , etc
Free updates via bbs or web

• Full over current detection on all
device powersupplies protects against
bad chips and reverse insertion

• Broad support for additional devices
using adapters listed below

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

Selectour MiniBoordserviceand get three top quality
205"x 308"PCBs for $62- shipping included!

E expresspcb.com [II]

Circle # 130 on the Reader Serv ic e C ard.

Ci rcl e # 128 on the Reader Serv ic e Card .

Available Adapt ers I
Fast . Programs 27C010 in 23 seconds EP-P1C(16CSIl,ne2Jl.1U4) s.tl i5 1

:::::~ ~;~~,72"1 ~:::!
Porteble - Connects to PC Parallel Port ep..P1C17 (11Cb) $4195

-EP:sT(ii51.""c51f·- ... · · ·-i.f~e5

EP-11E (&8HC11EtA) $59.i 5
EP.11D (65HC111D3) 53915
EP.16 (1abC EPROMS) S-4i .t S
Ep ·ZI a&6E02,3,4,&.t ,8) $39.l~S

Ep·SEE2 (93-.24 .. 25....&5ll) $39 .9$

• Corr~?l implementation of man~facturer ::;~El. ~~;;2~~~...e1 :~: ::
specmed ~lgonthms for fast, reliable -EP- l 0 s i(8~ 1 0ill~i3g-is

p roqra m rnmq . EP-Pl.CC (PLCC EPROMs) SAt 95
EP·$OIC (SOle EPROM,) Mi 95
EP.TSOP (TSOP EPRO M,) S59 95

Many Otl'Hlr Adllpt llf"li A....~.ble

Versatil e -Programs 2716.()60plus EE
and nash (26, 29) to 32 pins

tnexpenstve »Best for less than $200
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Ultra-low Power
Radiation Monitor

by Henry Chon

Figure

enclosed in a halogen quenched tube. The tube is
charged to a voltage just below the ionization voltage of
the gas inside, usually about 600 volts. Radioactive parti­
cles entering the tube ionize some of the gas molecules,
resulting in charged ions. The electric field set up by the
high voltage accelerates the electrons through the gas
and, in the process, bump into other molecules, thus ion­
izing them as well. The chain-reaction results in a very
large response for a small incoming particle, allowing
easy detection. This ease of detection makes GM tubes a
popular option.

Other detectors include solid-state detectors which
can use PIN photodiodes to detect radiation, converting
the energy from the radiation directly to electron move­
ment. Scintillation detectors use light-emitting materials
when exposed to radiation, along with a method to meas­
ure the emitted light. Such detectors can consist of a scin­
tillation crystal coupled to the input of a photomultiplier
tube (PMT) or photodiode. The output can be used to
drive a counter, or may be integrated to produce a voltage
proportional to the sensed radiation levels.

Front-end Design

The detector used in this device can be anything that
provides a pulse for every detected radiation event. The
front-end consists of a detector based on one of the "Ideas
for Design," submitted by Peter Lay, in the March 18,
2002 issue of Electronic Design. A cheap neon bulb was
used in place of a GM tube in a simple Geiger counter cir­
cu it. The design was also featured in the Jan. 2003 issue
of Nuts & Volts , where 10 nine-volt batteries were substi-

---, tuted for the AC power-line sup-
! ply. (Visit www.elecdesign.

com and look under "Ideas for
Design.") The detector is insen­
sitive to alpha particles since
they are larger and cannot pen-
etrate the glass. The bulb is
good for detecting beta parti­
cles and gamma rays , though
the sensitivity will depend on
your bulb 's construction.

In the circuit, the voltage to
the neon bulb is adjusted to a
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H ave you ever wondered how much radiation the stars
are showering on earth? Worried about radon con­

tamination in your environment? Or just curious about
radiation in general? This article describes a simple radi­
ation detector based on Texas Instrument's
MSP430Fl121 ultra-low power microcontroller.

Radioactive decay is the natural process of conver­
sion from one radioactive isotope into another. Decay
causes four different types of radioactive emission: alpha,
beta, gamma, and neutron. Depending on the isotope, dif­
ferent types of radiation will be emitted.

Alpha particles consist of two protons and two neu­
trons , carrying a charge of +2. Beta particles are elec­
trons with a charge of -1. Neutrons have no charge.
Gamma rays are high-energy electromagnetic waves at
the upper end of the electromagnetic spectrum. These
types of radiation are known as ionizing radiation. You
may be surprised to know that some common household
items can emit radiation. They include ionizing smoke
detectors (Americium-241), old luminescent radium
clock dials, lantern mantles with traces of thorium , and
radon gas.

There are several main types of radiation detectors in
use today: gas ionization, solid-state, and scintillation
detectors. Gas ionization detectors such as the Geiger
Muller (GM) tube rely on the principle that ionizing radia­
tion causes a gas to reach a plasma state, becoming
momentarily conductive. A GM tube, basically, consists of
a thin wire suspended in the middle of a foil cylinder,
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Microcontroller and Firmware

The heart of the "counter" for the radiation monitor is
the ultra-low power MSP430F1121 from Texas
Instruments. This microcontroller has multiple sleep
modes that can reduce power consumption from 160 uA
MARCH 2003

(1 MHz, run mode) down to 0.1 uA (off mode, RAM reten­
tion) making it ideal for battery-powered applications.

Interfacing the microcontroller to the detector is rela­
tively simple. The output of the detector front-end is con­
nected to pin 4 on port 1 (P1.4) , which is configured to
generate an interrupt for every input pulse. The interrupt
service routine simply increments a variable representing
the number of pulses counted in the past minute, exits,
and lets the microcontroller go back to sleep. (See Listing
1 (available on our website at www.nut svol t s .co m) and
Figure 2.)

One of the unique architectural features of the
MSP430 series of microcontrollers is the ability to use mul­
tiple clock sources of different frequencies for the many
peripherals. In low-power microcontroller design , it is often
desirable to use a low clock speed to save power. However,
use of a slow clock would result in slow response times to
interrupts. With the MSP430, it is possible to have a clock
for program execution and a different clock for Timer_A
for measuring time intervals. While the controller is in
sleep mode awaiting interrupts, a low-power 32kHz watch
crystal is used to keep track of time. When an interrupt
does occur, the controller awakens from sleep and uses
the faster built-in RC clock for quick service. This enables
a fast response without compromising on power use.

In order to make the user interface responsive, the dis­
play is updated every second with a running average of the
counts detected per minute. In software, this is implement­
ed using a circular array of 60 elements each containing
the number of counts detected in one second. The num­
bers are updated once a second such that the newest
count overwrites the oldest count. This running average
method allows you to see the levels change without wait­
ing long periods of time for display updates. For even
quicker results, an instantaneous CPM is provided so that
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Since the microcontroller is operated from batteries,
it should be awa re of the condition of its power source.
However, the MSP430Fl12 1 does not have a flash ADC,
so analog-to-digital conversion has to be done in software.
With the help of an internal comparator, a sigma-delta­
type ADC (as described in the TI application note
SLAAI04: "An MSP430Fllxl Sigma-Delta type Millivolt
Meter") is implemented to read analog voltages.

The output of a one-bit DAC (the RIC combination) is
seen at the inverting input of the comparator. The other
input is connected to the voltage in question. The ADC
assembly routine operates by increasing the pulse width
of the output, thus raising the average voltage ac ross the
capacitor. When the capacitor voltage is higher than the
input voltage, the comparator switches, thus signifying to
the routine that the DAC voltage matches the input volt­
age. The final value of the pulse width is proportional to
the input voltage measured, allowing the actual voltage to
the calculated. Use of this ADC can theoretically yield
arbitrarily high precision since the resolution is deter­
mined by the number of steps divided into the full pulse
width. The drawback to higher precision is a longer time
required for sampling, making the method more su itable
for slowly changing signals. See Figure 5.

Normally, the voltage output from the port pin would
be VCC, or 3.3 volts in this case. However, the voltage that
powers the microcontroller may vary due to the condition
of the batteries if a regulator is not used. This fluctuation
causes the use of VCC as a reference to be unreliable. A
cheap and effective solution is to use a 1.8-volt zener
diode across the capacitor. As long as the breakdown
voltage of the zener is less than the minimum voltage that
VCC will reach, the output of the charge voltage across

ate in the MHz range. That way, the microcontroller can
"toggle" five volts into the input of the five-volt logic
device, at extremely low-power consumption and cost (35
cents per chip). See Figure 4.

The LCD provides either an eight- or four-bit parallel
interface. The re are preprogrammed chips available that
can be used to interface the LCD to the microcontroller in
serial mode. However, to reduce cost, the LCD is directly
interfaced in four-bit parallel mode to the MSP430Fl121 .

Analog-to-Digital Converter

Interrupt Routine

Interrupt Received

Exit from interrupt.

Figure 3

Display Battery Low
MessageYes

No

Perform
calculations and

print results.

Sleep for 1 second
while awaiing 1+-------'

interrupts.

No

Yes

the user can see the level change within a second without
waiting for the running average to settle. (See Listing 2 on
our website and Figure 3.) If an ala rm feature is desired,
a buzze r could be connected to the microcontroller which
would be activated whenever the counts pe r minute rose
above a certain level.
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Figure 4

y,j CD4066

input

5V

I

I
From 3.3V Ii

logic i
L = ----.J

--------- ---------
LCD Interface

I used a 16-character by two-row display module with
a built-in Hitachi 44780 LCD controller, available from
electronics surplus suppliers. However, these require five
volts to operate, and the digital interface won't be happy
with the 3.3-volt logic levels from the MSP430. I attempt­
ed to find some low-power voltage-level translation chips
that consume very small amounts of power, but it was dif­
ficult to find something that drew less qu iescent current
than the microcontroller itself in sleep mode. So I came
up with another idea - why not use the CD4066 quad­
bilateral analog switch? It has a quiescent current drain of
0.01 uA (that's right , 10 nanoamps) and can easily oper­

1----+--
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Figure 5
MSP430F1121

the capacitor will be constant.
In the more complex prototype, voltage sam­

pling is necessary to get a good idea of how much
power is being used by the device. In the event that
the power source is running low, the microcontroller
can shut off peripherals to save power. You could
imagine how that could be implemented using say, a
MOSFET to control the power to the inverter for the
detector. Or the microcontroller could raise a "bat­
tery low" signal. You could easily connect other sen­
sors to the input, such as a temperature sensor or a I

light sensor. What you can do with the measurement '
information is entirely up to your imagination.

Implementation Notes

Stop
Siqna

1-bit DAC
R

~--+---Input Voltage

ZD ,

The inverter/detector front-end was built on a separate
circuit board to physically separate the high voltages (90­
150 volts) from the low voltages used in the logic circuitry.
The neon bulb is attached to wires so that it can easily be
located anywhere in a project case for maximum exposure
to the radiation source. Please note that the detector's resis­
tor settings need to be determined experimentally before
making a permanent version. Not all neon bulbs are built
alike - I've encountered bulbs with 75 , 99, or even higher
ionization voltages. Depending on what you find in your
junk box, the zener diode's breakdown voltage should be
above that of your neon. Potentiometer R6 is set such that
the voltage across the neon is just below the ionization volt­
age. See Figure 6 for a picture of the radiation monitor in
its more complex form .

The microcontroller can be used as part of the evalua­
tion board from TI, connected through a header, or as a
stand-alone integrated circuit , with a watch crystal attached.
I used the evaluation board for ease of programming and
chip replacement. The evaluation board is connected
through a 26-pin ribbon cable to a header on the radiation
monitor. Ensure that the pin translations are done properly
when using the chip directly. The C compiler and binary file
downloader can be obtained from TI's website
(www.tLc om/msp 4 30) along with the datasheets and
application notes. Note that the neon bulb can actually be
triggered by ambient light if not shielded
properly. You can use a layer of electri-
cal tape or some other opaque material Figure 6
to block the light while still allowing beta
and gamma radiation to pass through.

You can use three fresh 1.5-volt bat­
teries in series to get about five volts for
the LCD module, and use the suggested
ultra-low quiescent current linear regu­
lator for the microcontroller. Or you
could use a single cell DC-DC converter
to obtain five volts from a single 1.5-volt
battery to save space. (The DC-DC
converter is not used in this article to
keep things simple and costs low.) Or
simply use a "wall-wart" and an LM7805
regulator to get a cheap and clean five
volts.
MARCH 2003

Conclusion

It is easy to add more features to the existing radiation
monitor such as an external relay triggered by the alarm sig­
nal. The modularity of the design allows other detectors to
be used - like an actual Geiger tube and its associated 600­
volt power supply. You could also just use pieces of this
project for other purposes, such as building an electronic
light meter. Or you could use the inverter alone as a small
DC-DC converter for another project. There are numerous
sources from journals and on the Internet on radiation
detectors and experiments. Firing up your browser and aim­
ing it at www.google.com would be a great way to start.

As with any project involving high voltages, care must
be taken to insulate the wires well, preventing low-voltage
wires from touching the high-voltage ones. Though the
inverter's current output is small, you could still get a nasty
shock if you accidentally touch the high-voltage wires while
it is in operation! In addition, care must be taken when
using any radioactive sources. Though alpha sources are
relatively harmless in terms of penetrating ability - if
ingested - the radioactivity may cause serious damage to
the internal organs. A good understanding of the possible
effects of radiation exposure is imperative before experi­
menting with radiation. With these precautions in mind,
happy experimenting! NV
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NEW FUEL CELL CAR AND
EXPERIMENT KIT

controllers.
The OP840B, only $6.95 with 840 tie points can hold

six 14-pin or five 18-pin ICs and up to 14 transistors. The
OPl170B, only $8.95 with 1170 tie po ints can hold nine
14-pin or seven 18-pin ICs and up to 20 transistors . The
OP121OB , only $8 .95 with 1210 tie po ints can hold six 14­
pin or five 18-pin ICs and up to 28 transistors. To support
your circuit's connectors, controls , and displays, while
giving your project that finished look and feel, all ONE
PASSircuit PCBs fit directly into ABS plastic cases that
include both plastic and aluminum covers from
RadioShack®.

For more information, contact:

ONE PAS , INC .
Ro. Box 108, Dept. NV

Woodstock, IL 60098-0 I08
815-3 3 7 -3754

Email: sales@onepasinc .com
Web: www.onepasinc.com

CONTROL ANY SERIAL DEVICE
VIA THE INTERNET

$ erialHost will let you customize any
serial stri ng and send it remotely to

a device connected to the se rver. Send
commands directly out the RS232 port
on your computer from any web brows­
er.

SerialHost includes source code for
a sample plug-in, and documentation
on how to compile and load your
custom de vice plug-in. Remote control
your server by hosting interactive "web

pages" or simply by accepting an URL
request or Java applet command from a

rem ote page on the Net. Essentially, publish any device
connected to your computer's RS232 port to the Internet.

SerialHost offers two modes of communication
between your browser or applet and a specific device
plug-in.

Direct Mode: A user's I/O is passed on to the plug­
in for communication. At th is point, the user has no direct
access to the DAP server and is 'logged in" to a specific
device control plug-in.

Indirect Mode: A user will be able to map I/O to the
plug-in of choice. This allows more complex client
applications to communicate with multiple plug-ins
without needing multiple connections.

Another feature lets you create serial commands and
list them as an « a href=) link, making it possible to create
a simple "URL hot-link" on a graphic and send a
command to your plug-in device. Example: A room on a
floor plan image for instance, selected as a link can send
a command to your serial device. Have a serial-controlled
video switching device switch to the camera in that room.
Use one video card and have a 16-channel input device or
control pan and tilt servos.

SerialHost Server Software, Plug-in Manager, and web
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I n addition to building a state-of-the-art
fuel cell ca r, th is kit contains 30 experi­

ments that allow you to explore the many
real-world applications of this emerging
new technology. The kit includes fuel cell,
gear motor, car chassis, gas collector,
solar panel with support digital rnultirne­
ter , goggles, 96-page lab manual, and

more.
Build a car that runs on water! Fuel Cell Car and

Experiment Kit #308 12-87 $129.95.
Write or call for new 100 page Scientifics catalog

featuring over 2,000 scientific and educational products
for science and engineering enthusiasts.

For more information, contact:

NEW TECHNOLOGY
REVOLUTIONIZES SMALL
CIRCUIT DESIGN TOOLS

SCIENTIFICS®
Dept. A03 3-C800, 60 Pearce Ave.

Tonawanda, NY 14150-6711
Tel: 7 16-874-9091; 800-728-6999

Fax: 800-828-3299
Email: cons_order@edsci.com

Web: www.scientificsonline.com

_lr.!lll~::::l1i;;j:iI~· : .~. ~ 9he patent(s) pending ONE
. : ':: • PASSystem™ is a "com­

-"' - plete circuit" approach to small
circuit design. While bread­
boards offer an area to experi­
ment with ICs, they lack any
efficient way to support

countless other active and passive
components needed to complete a working circuit. A

number of products such as carrier/development boards
are application specific solutions and therefore expensive
and limited in use. The new ONE PASStructure™ - an
asymmetrical open circuit socket technology - is a uni­
versal solution that is inexpensive and extremely flexible
regardless of application.

ONE PASSircu it™ PCBs combine this new
technology with a standard breadboard pattern to create
a user-fr iendly environment where ICs, active and passive
components of all types can coexist in a very small
space. Landing pads for passive devices are organized in

'" a patent pending array, resulting in various sizes of both
!:i powered and isolated two, three, and four-pin sockets,.e allowing the user to quickly and easily build power
", supplies, voltage dividers, feedback loops, RC, LC, crystal
loIS and transistor circuits, even use pots and IF transformers
II: without loss of IC space! These amazing new boards
f::) cover a wide range of complex an alog and digital uses
Z including microprocessors, robotics, and motor
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control components will sell as a package for $75.00.
For more information, contact:

SERIALHOST
Jon Farhat. President: jon@serialhost.net

Steve McFarlin,Head of Development:
steve@serialhost.net

Email sales: info@se rialho st .net
Email techsupport: suppo rt @Se ria lhost .net

818-567-0373

TINY LOW-POWER COMPUTER
OFFERS COMPACTFLASH OS

ft=rsistor Instruments
r announces the Persistor®
CF2 - a 2.5" x 2.0" x 0.7" sin­
gle-board computer offer ing
features desirable to developers
of remote or portable equip­
ment for data logging or con­
trol applications . Both OEM
designers and researchers will

find the CF2 's small size, low power,
removable memory, and comprehensive program­

ming libraries ideal for rapid and reliable product or proj­
ect development.

The CF2 combines a 3.3V 16MHzMotorola 68332 with

a Texas Instruments MSP430 to offer several ways to
achieve very low-power consumption. Its programmable
clock speed allows operation down to 5mA , stop modes at
250uA, and a suspend mode below 10uA. Sleeping
systems can wake from external interrupts, RS-232
activity, or timers maintained by the MSP430 func tioning
as the real-time clock and power manager.

The CF2's PicoDOS® operating system and
configurable command shell lets users manage files and
directories on removable CompactFlash (CF) cards using
familia r DOS-like commands. Add itional commands
permit access to CF2 hardware parameters such as the
real -time clock, RS-232 settings, virtual EEPROM
variables, and optional hard drives .

The tiny CF2 is packed with 1MB of onboard flash,
512KB of RAM, a 3.3-volt linear regulator, a dual R5-232
driver, and battery backing circuitry.

The Persistor CF2 is ava ilable now, priced from
$395.00 for one to $295.00 in large OEM quantities.
Developer's kits are available starting at $495.00.

For more information, contact:

PERSISTOR INSTRUMENTS
254-J Shore Rd.. Dept. NV
Bourne, MA 02532-4104

508-759-6434
Email: atinfo@persistor.com
Web: www.persistor.com

WWW.STAR.NET/PEOP LE/-MVS
MVS BoxB03 >MVS 1 5y r Lim ited warra n ty

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

C ir cle #8 1 on th e Reader Serv ice Card. 41

Add vision at low cost!
Perfect for inspection,
security.robotlcs. Full
frame bulTer unlikesx,
pci,usb type. Industry
std PCI04 form factor.

A
RCMtl /Writc PCc:ompatibll.·hard oem(1k)
ditk. I"CM CIA. & Co mpacl fla!!oh. $
RS232 to AT A drtve adapter for 27
Stamp, 80SI , AVR. PIC. 280, 1.86
ANY controller. biKor small :

:~.t;:"g:;~I~t:a~:na;~~m. evaI kite1)
••impl• •oftw. .. eemmands $95
-baud nln up 10 1I~.2kbps

-SU IUF.& 52 1 ISAIl~ nrdon~

-ZERO external components! :-10 xta l or external memory ICs.
-RISC processor up to 16 times ras ter t han originallo-cost Ie.
-64x more BASIC spacc(nash),16x more ..,64x more variables.
- Up to 8 channels or hi-speed A to () Co nverter (8 a nd 10 bit).
-RS232 Asse mb ler download in addi tion to BASIC download .
-Calibrated, more stab le, interna l ose, Same price as 8K super!
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Project i i k ___~__.~_._. _ by G. Randy Slone j

Build the CF-MOSFET
Audio Power Amplifier

An audiophil e-quality amplifier of several configurations,
many applications, and surprisingly low cost.

The overall component specifications and
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ete r form (such as a piece of scrap wooden
dowel). TBl through TB5 are two-position ter­
minal blocks, even though only one connec­
tion is needed for TB1, TB3, TB4, and TB5
(TB2 utilizes both terminals - one for the line­
level input signal and the other for the shield
ground). I chose this technique primarily
because single-position terminal blocks are
difficult to find. However, the two-positions can
come in handy in some installation situations.

Before installing Ql and Q2 into the PC
board, physically tie them together with a
small tie wrap , and then bend the leads out to
fit into the PC board. This provides a greater
degree of temperature tracking between the
two devices. Follow the same procedure when
installing Q3 and Q4 . Q3 and Q4 must be beta
ma tched to within 10% of each other. If you
don 't have a meter or transistor tester than can
measure beta for matching purposes, you
should purchase Q3 and Q4 as a "matched
pair" from an electronics dealership.

Photo 1 illustrates a top-view of a finished
CF-MOSFET amplifier, showing most of the
construction details discussed in this section.

Power Output Options

PHOTO I: Top view of completed CF-MOSFET
amplifier module. Note th is unit utilizes the

"professional" type main heatsink.

Amplifier
Construction

Last month , we examined a
detailed description of the theory
and operation of the CF-MOSFET

audio power amplifiers. In this final arti­
cle , the construction and implementa­
tion of the CF-MOSFET design will be
detailed, along with application informa­
tion , and a variety of options.

As with most audio power ampli­
fiers , the actual construction of the CF­
MOSFET amplifier is re latively easy
(much easier than the physics and the­
ory involving its operation!). A double-
sided PC board is not required, the print-
ed circuit artwork is larger and easier to
reproduce, the components are larger, and
component spacing is not overly-critical. A
"reflected" illustration of the artwork is provid­
ed in Figure 1, which can be lifted and used to
etch your own PC board, or a pre-etched/pre­
drilled PC board can be purchased from the
supplier referenced in the parts list.

The "top-view" component layout is illus­
trated in Figure 2, and the "top-view" compo­
nent layout sh owing the PC board artwork is
illustrated in Figure 3. By examining the parts
list together with the top-view layout illustra­
tions , I believe the construction is somewhat
self-explanatory, but there are a few details
that need to be touched on .

Figure 2 illustrates the four component­
side jumpers that must be installed. These
should be fabricated from so lid-conductor 20­
AWG insulated wire. I used commonly-avail­
able "sil-pad" insulators in mounting the medi­
um-power transistors to the smaller heatsinks,
and also in mounting the L-MOSFETs to the
large heatsink. Mica insulators coated with
heatsink compound can be substituted, but
they are more "messy." Note that an insulator
is not required between the mounting face of
Ql1 and the front face of Q14. The output
inductor, Ll, is fabricated by winding 18 turns
of # 14-AWG magnet wire around a 1/2" dlarn-
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I CF-MOSFET _~~plifter

Tools t hat will be helpful, but not absolutely necessary:

I.Audio Signal Generator
2. O scilloscope
3. Good working knowledge of analog circu its

design of the CF-MOSFET amplifier topology is capable of
accommodating dual-polarity power supply voltages up to
60 volts DC. This equates to a ma ximum output power
capability of about 160-watts RMS into typical eight-ohm
speaker loads (assuming norma l power supply droop
under heavy loading). I designed the CF-MOSFET ampli­
fiers to utilize two separate types of L-MOSFET output
devices, depending upon the power requirements. For a
maximum output power capability of up to 100-watts RMS,
the Hitachi 2SK 1058/2SJ 162 complementary pairs , or the
SemeLab BUZ900 P/BUZ905P complementary pairs ,
should be installed . For higher output power capabilities,
up to about 160-watts RMS, the SemeLab
BUZ900DP/ BUZ905 DP "double-die" L-MOSFETs should be
installed.

The standard 100-watt version of the CF-MOSFET
amp will require a main heatsink with a thermal resistance
rating of approximately 0.5 degrees C/watt. Note that the
PC board assembly mo unts to the heatsink with two com­
mon 1" L-brackets, as illustrated in Photo 1. If you want to
save some money and use up some old heatsinks that are
probably collecting dust in your junk box, you ca n con­
struct your own custom heatsink. Photo 2 illustrates how
this can be accomplished. For my heatsink, I utilized 10
common-style TO-3 type heatsinks mounted to an alu­
minum plate, measuring approximately 11" wide by 4" high
by 1/8" thick. Note that the TO-3 heatsinks are simply
mounted back-to-back, with the aluminum plate sand­
wiched between them.

I discovered this home-built heatsink design to
be adequate for continuous power output levels of
70-watts RMS but, as you can see from the photo , I
coul d have ma de mo re efficient use of the available
space on the alumi num plate and mounted more
smaller heat sink s for improved dissipation capabili­
ties . Nevertheless, my design should provide you
with a basic "feel" for the heatsink you might like to
construct, depending on your needs and junk box
materials. Also , keep in mind that the enclosure you
decide to mount the finished amplifier(s) into could
take the place of the alumi num plate. For example,
the output devices could be mounted to the rear
panel of an appropriate enclosure, with the smaller
TO-3 heatsinks mounted to the inside and outside
surfaces of the rear pa ne l (in fact, this is very similar
to the method used in the classic "Tigersaurus"
power amplifiers of the 70s ).

If you decide to construct the "high-power" ver­
sion of the CF-MOSFET amplifier, bes ides installing
the double-die L-MOSFETs, you will need to increase
the current rating of F l and F2 to five amps, and
increase the size of the main heatsink to a unit pro­
viding a the rmal resistance of approximately 0.35­
degrees C/watt. Commercial heatsinks of appropri­
MARCH 2003

FIGURE I. Bottom view (reflected) copper artwork
illustration (shown at 50%).

ate ratings are available from SEAL Electronics (con tact
information is provided in the pa rts list) , and they are often
available from surplus elect ronic dealerships.

Amplifier Connections

Figure 4 illustrates the cor rect meth od of wiring one
CF-MOSFET amplifier module to an appropriate power
supply. Power transformer Tl should have a 70-volt cen ter­
tapped sec ondary rated at three amps (i.e., 210 VA). This
will provide approximately 105-watts RMS of output power
into an eight-ohm speaker load . The line fuse (F l) should

FIGURE 2. Top view
component layout.
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be a two-amp "slow-blow" unit. The illustrated "X capaci­
tor" is incorporated to reduce high-frequency rectification
noise that could be fed back into the AC power line, and it
also serves to filter out many types of RF noise that could
be introduced into the amplifier from the AC line. The X
capacitor should have an AC voltage rating of at least 250
volts for domestic 120 VAC residential power. BR1 is any
common type 25-amp, 200-volt bridge rectif ier. C1 and C2
are the power supply's reservoir capacitors; these are both
10,000 uF units rated for 63 VDC. C3 and C4 help to
remove RF rectification noise. They should be ce ramic
types and rated for at least 100 volts . R1 and R2 are
"bleeder" resistors, incorporated to bleed off any danger­
ous charges on the reservoir capacitors in the event that
one (or both) of the amplifier's rail fuses blow. R1 and R2
can be 10 Kohm , half-watt devices, but the actual resist­
ance value is not critical, as long as their rated power dis­
sipation is not exceeded.

The line-level audio input signal is applied to inputs
TB2-1 and TB2-2. It is best to use a good grade of shield­
ed cable for the input signal wiring, with the shield wire
connected to TB2-2 as illustrated. The remainder of the
wiring connections shown in Figure 4 should be made
with a good-quality stranded, insulated "hook-up" wire,
with a minimum gauge of #20 AWG. The positive polarity
from the power supply is connected to TB1 and the neg­
ative polarity is connected to TB5.

In high-gain , high-power audio amplifier construction,
it is always necessary to establish a high-quality ground
(HQG) connection point (sometimes called the star
ground point). This technique eliminates annoying "hum"
problems created by ground loop and signal injection
problems. The HQG point is typically a conductive bolt
mounted through the enclosure chassis and placed in a
convenient location. All ground (or circuit common) con­
nections are made to this central HQG point, thus making
it impossible for AC interference signals superimposed on
"one " ground line to be mixed with others. If you refer
back to the schematic diagram in Figure 4 of Part 1, you 'll
note that the input signal and negative feedback circuits
have their own independent ground line, which is the input

1---- -+- -
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signal "shield" connection point (TB2-2). As Figure 4 illus­
trates, a dedicated ground wire must be connected from
TB2-2 to the HQG point, and this keeps the high-gain sig­
nal and feedback grounds from being contaminated by
AC components from the amplifier's decoupling circuits
or any other source of signal injection.

The output to the speaker system is taken from TB4
and the circuit ground. Normally , the TB4 output is
labeled "+" (although there isn't any real po larity associat­
ed with it), and it is typically connected to the "red" speak­
er connection at the rear of the amplifier enclosure. The
negative (-) side of the speaker output is connected to the
HQG point, and typically connected to the "black" speak­
er connection at the rear of the amplifier enclosure.

Since the 120 VAC mains powe r is isolated through
the action of T1, it is not mandatory to provide for an
earth ground connection, but it is certainly a good idea.
The earth ground wire from the AC power co rd can be
connected to any location on the chassis that provides
continuity to the HQG point.

Power Supply Tips and Options
The design of the CF-MOSFET amplifiers is such that

they will stabilize and operate properly with power supply
rail voltages as low as 24 VDC, which equates to an out­
put power level of approximately 25-watts RMS into eight­
ohm speaker loads. Obviously, this means that a very
wide range of dual-polarity unregulated DC power supplies
can be incorporated for operational power, depending on
the application needs.

If you des ire to construct the high-powered version of
the CF-MOSFET amplifier, T1 of Figure 4 will need to have
a center-tapped secondary rating of 84 volts at five amps.
Such a transformer will provide dual -polarity voltage rails
of approximately 60 volts DC. In addition, reservoir capac-

FIGURE 3. Top view layout
showing co rresponding

copper artwork.
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Final Testing and
Adjustment

After the CF-MOSFET
amplifier(s) are installed in an enclo­
sure and connected to an appropriate
powe r supply, the proper operation
can be te st ed in several ways ,
depending on the available test equip­
ment. Beg in by adjusting the Vbias
potentiometer (PI) to its "center"
position. Using a few clip leads, tem­
poraril y connect a voltmeter from the
drain of Q16 to the drain of Q17. If
the voltmeter is not an autoranging
type, set it to the 20-volt range. Do
not connect a speaker load or input
signal at th is time. Set the power
switch (S 1) to the "ON" position.

If you have a "Var iac" (i.e., a va ri­
able AC power source ), plug the line
co rd of the amplifier into the Variac
and slowly adjust the Variac up to
about 60 volts AC, while monitoring
the voltmeter. If the voltmeter reading

voltage ratings of C1 and C2 can be
safely reduced to 50 VDC. Such
capacitors are less expensive and
com mo nly available through
Jameco. The Figure 5 power supply
design will match very well with the
previously discussed "ho me-built"
main heatsink design. Therefore, if
you would like to construct a true
"audiophile-quality" power amplifier
at minimum expense, you could
choose to build your own main
heatsink and utilize the "fabricated
transformer" design in Figure 5.

Some audiophiles prefer to con­
struct audio power amplifiers in
monoblock (or monaural ) configura­
tions, with each amplifier channel
operating from its own dedicated
power supply. Other audiophiles pre­
fer to construct amplifiers with multi­
ple channe ls operating from a com­
mon power supply. With either
option, the pe rformance of the CF­
MOSFET amplifiers will not be sign if­
icantly affected, due to the high PSRR
characteristic of the design. However,
if you desire to operate multiple
amplifier channels from a single
power supply, the power tra nsformer
current rat ings and the total reservoir
capacitance will have to be increased
accordingly.

itors C1 and C2 will need to be rated
for at least 75 WVDC, and Fl should
be a three-amp, slow-blow type.

Dual-polarity "raw" DC power sup­
plies , as the type illustrated in Figure
4, will draw a significantly large surge
current to charge the reservoir capac­
itors when the AC mains power is first
applied. Therefore, for maximum reli­
ability, it is desirable for the power
switch (S1) to have a fairly high cur­
rent rating - a 15 amp to 25 amp rat­
ing would be a good choice. When
installing the power supply compo­
nents and amplifier module into an
appropriate enclosure, it is best to
keep the physical location of the
power transformer as far away as pos­
sible from the sensitive, high-gain
areas of the amplifier circu itry (Le.,
the input stage area of the PC board).

Such a technique will minimize
undesirable hum pick-up from the
radiated EMI field of the power trans­
former. Toroidal and sh ielded trans­
formers are preferred for the min i­
mum EM! radiation, but even these
transformer types can induce some
hum if placed too close to sensitive
circuitry. If it is impossible to achieve
reasonable spacing of such compo­
nents (due to inadequate enclosure
size ), the power transformer can be
placed in a small ferrous cage (such
as used in computer switch-mode
power supplies) to minim ize EMl
leakage.

Figure 5 illustrates a method of
constructing an appropriate "Iow­
cost" power supply for the CF-MOS­
FET series amplifiers that will not
compromise performance, albeit the
maximum output power of the ampli­
fier will be reduced to approximately
60-watts RMS into eight-ohm loads
(approximately gO-watts RMS into
four-ohm loads). The power trans­
former can be fabricated from two
commonly-available (a nd inexpen­
sive ) power transformers with sec­
ondary ratings of 25.2 volts at three
amps. The transform er secondaries
are placed in series (as ill ustrated),
with the common co nnection point
becoming the "center-tap" for the fab­
ricated transformer. Such a configu­
rat ion will provide approximately 40­
volt dual -pola rity rails. Also, if this
power supply design is chosen, the
MARCH 2003
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begins to approach a one-volt level, you have a fault that
needs to be corrected before proceeding. Typically, this
voltage should be a few hundred millivolts, or less. While
leaving the Variac set to a 60-volt level, adjust PI for a
voltage reading of 20 millivolts. Turn off the Variac and
disconnect the voltmeter. Connect the voltmeter from the
speaker output terminal (TB4) to the HQG point and re­
apply power to the Variac (still leaving it set at about 60
volts AC). This DC offset voltage should be about 10 mil­
livolts, or less.

Adjust the Variac up to the nominal 120 VAC line volt­
age while monitoring the voltmeter. The DC offset voltage
may increase up to about 20 millivolts to 30 millivolts,
depending on how well matched the differential input
transistors (Q l and Q2 ) happen to be . The actual value
of this offset voltage is unimportant, as long as it is not in
excess of 50 millivolts (the polarity may be in either direc­
tion) . Turn off the Variac and re-connect the voltmeter
between the Q16 and Q 17 drains once again. Re-apply
power to the Variac , leaving it set to the nominal 120 VAC
line voltage. Adjust PI for a drain-to-drain bias voltage of
20 millivolts. Turn off all operational power to the amplifi­
er and Variac. With the aforementioned procedures com­
pleted, the CF-MOSFET amplifier is properly tested,
adjusted, and ready for use.

If you do not have a Variac , the following alternate

procedure can be followed. Temporarily wire a standard
100-watt incandescent light bulb in parallel with the power
switch (S l), and set S I to its "OFF" position. Connect a
voltmeter between the Q16 and Q17 dra ins as described
in the previous discussion. Plug the amplifier line cord
into a 120 VAC outlet, and carefully observe the action of
the light bulb and the reading of the voltmeter. The light
bulb should illuminate briefly, and then go dim as the ini­
tial surge current diminishes. If the light bulb stays bright­
ly illuminated, there is a problem in the amplifier that
needs to be corrected before proceeding.

If the light bulb dims properly, check the voltmeter
reading to insure that it is not in excess of a few hundred
millivolts. Adjust PI for a voltmeter reading of approxi­
mately 20 millivolts. Unplug the amplifier line cord and
disconnect the voltmeter. Connect the voltmeter from the
speaker output terminal (TB4) to the HQG point and plug
the line cord back into the AC outlet. The DC output off­
set should be in the 20 millivolt to 30 millivolt range.
Unplug the line cord and disconnect the light bulb. Re­
connect the voltmeter between the Q16 and Q 17 drains,
as before, and plug the line cord back into the AC outlet.
Set the power switch (S 1) to the "ON" position, and adjust
PI for a voltmeter reading of 20 millivolts (it will probably
still read 20 millivolts from the previous setting) .
Disconnect all operational power. The CF-MOSFET
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FIGURE S. Alternate method of constructing the amplifier's power supply utilizing two inexpensive power transformers.
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amplifier is now tested, adj usted, and ready for use.

Final Comments

T he CF-MOSFET ser ies audio power amplifiers are
intended fo r the serious hobbyist or professional desiring a

no-eompromise des ign for a wide variety of audio applica­
tions. The incorporation of L-MOSFETs and the increased
circuit complexity fo rce th e co nstruction cost to be a little
higher than many generic des igns, but the sonic purity and
long-term reliability will be well-wo rth the cost difference to
most audiophiles. NV

PARTS LIST FOR THE
CF-MOSFET AUDIO
POWER AMPLIFIER
MODULES

RESISTORS (All fixed resistors are
1/2-watt, 1% metal film units , unless
otherwise noted.)

Rl - 100 Kohm
R2 - 220 ohm
R3, Rl1 , R12, R14 - 10 Kohm
R4, R6, R7, R28, R29,R37, R38-
100 ohm

R5 - 3.3 Kohm
R8, R9, R18 - 68 ohm
RIO, R16, R17, R25, R26 - 1 Kohm
R13, R15 - 330 ohm
R19 - 15 ohm
R20 - 680 ohm
R21, R22, R35, R36 - 270 ohm
R23 - 150 ohm
R24 - 6.8 Kohm
R27 - 22 ohm
R30 - 10 ohm
R31, R34 - 15 Kohm
R32, R33 - 120 ohm
R43 - 1.2 Kohm
R44 - 820 ohm
R39, R40 - 0.22 ohm , 5 watt
R41, R42 - 8.2 ohm , 5 watt

CAPACITORS
CI , C2 - 47 uF, 25 volt , tanta lum
C3 - 68 pF, 100 volt, ceramic
C4, C6, C8, C14 - 220 uF, 100 volt ,
alum inum electrolytic

C5, C7, C15, C16 - 0.01 uF, 100 volt ,
ceramic

C9 - 5 pF, 100 volt, ceramic
ClO , C13 - 47 uF, 100 volt , aluminum
electrolytic

C11 - 1000 pF, 100 volt, ceramic

C12 - 100 pF, 100 volt , ceramic
C17, C18, C19 - 0. 1 uF, 100 volt , mylar

SEMICONDUCTORS
Ql , Q2, Q5, Q6, Q13 - 2N540 1 PNP
transistor

Q3, Q4, QI0, Q12 - 2N5551 NPN
transistor

Q7, Q15 - 2S8649 PNP transistor
Q8, Q9, Q l 1, Q14 - 2SD669 NPN
transistor

Q16 - 2SJ162 (or) BUZ905P
P-channel lateral MOSFET

Q17 - 2SK 1058 (or) BUZ900P
N-channel lateral MOSFET

Q16 (high-power version) - BUZ905DP
"double-die" P-channel L-MOSFET

Q17 (high-power version) - BUZ900DP
"double-die" N-channel L-MOSFET

Dl , D2, D3, D4 - I N4148 silicon diode
D5, D6 - 1N5060 silicon diode
DZ l , DZ2 - 3.9 volt, 1/2 watt zener
diode

MISCELLANEOUS
Fl , F2 - Three-amp GMA fast-blow fuses
GMA fuse clips (four needed) - Jameco
# 102859

L1 - 2 uH air core inductor (see text)
PI - 1 Kohm , 8 mm "horizontal mount"
trim pot. RadioShack #900-7442

TB I, TB2 , TB3, TB4, TB5 - Two-position
term inal blocks. Jameco #160784

TO-220 heatsinks (five needed) ­
Jameco # 129242 or equivalent

1" L-brackets (two needed) - Most
hardware stores

PC board - See text and illustrations
Main heatsink - See text and illustrations
Misc. - Semiconductor insulators ,
mounting hardware, hook-up wire,
solder, etc.

NOTE : The following items are available
from SEAL Electronics, P.O. Box 268,
Weeksbury, KY 41667; Tel. 606-452­
4135; email <sealelec@eastky.net>
URL www.sealelectronics.com.

Comp lete kit of all parts, including drilled
and etched PC board , and "professional ­
style" main heatsink :

(100-watt version) - $140 .00, plus
$10.00 S&H (Canadian residents add
$16.00 S&H)

(160-watt version) - $165 .00, plus
$10.00 S&H (Canadian residents add
$16.00 S&H)

* Asse mbled and tes ted units of either version
available for an additional $25.00 cost.

Drilled and etched PC board for one
CF-MOSFET modu le - $32.00

Professional-style main heatsink
(undrill ed) - $35.00

Semiconductor devices, including
L-MOSFETs, and a complete line of
power supp ly components, are available
by visiting our website. Mr. Slone
welcomes questions or comments via
the contact information provided .

* Kentucky residents please add 6% local
sales tax on all purchas es.

Additional sources: All of the semicon ­
ductor devices are available through
MCM Electronics or Parts Express
(MCM carries the Hitachi 2SK 1058/
2SJ162 L-MOSFET devices) . The "BUZ"
L-MOSFET devices are available from
SemeLab through their "Magna-Tec"
website. (SEAL Electronics carries all
three L-MOSFET device types.)
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Water Flow Met er and
Event Timer

Keep track of your water usage plus control your sprinklers with the same system.

Photo I.
Solenoid.

..

of course, the timer on and du ration times. 51 moves
through the various menus (see Table 1).

Connector JP l is for in-circuit programming and is
laid out in the same order as the Microchip IC5P protocol.
Diode D1 is to isolate the rest of the circuit from the high­
level programming voltage required on the MCLR pin at
programming time.

While not implemented here, if a reset button is
required, then it should be hardwired between D1 anode
and ground. The LED serves two purposes: an indication
that the sprinkler is running (in timed or override mode) ,
and to flash at approximately every half second to show a
power failure has occurred. IC3 is not currently used, but
see the software explanation for further details.

The power supply is standard; either a 9V AC or reg­
ulated 12V power pack at 600mA can be connected to the
bridge rectifier. C3 is slightl y larger than normal in value
mainly to avoid any powerdips that may occur when
switching the solenoid. It was found that the prototype cir­
cuit was sensitive to lights be ing switched on and off, and
was causing the circuit to reset. This resolved itself with
the higher-value capacitor. The reg ulator ch ip IC2 is a
standard 78 series T0220 case. Port B is used for the LCD
display which is used in standard four-bit mode.
Connectors JP4 and JP5 bring the unused pins out for fur­
ther expansion or experimentation. JP4 is connected to
the RC6j7 pins of the PIC and these serve the dual pur­
pose of connecting to the onchip UART, if required.

The Sensor and Solenoid

The solenoid (see Photo 1) used is specially designed
for controlling water flow and is available in two models.
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The Circuit

The Design

With the current concerns about domestic water usage
and conservation, I thought it would be worthwhile

to design an electronic project that showed how much
wate r I was using, and how much each quarter lowed the
water authority. As a bonus, a seven-day, seven-event timer
- primarily intended for sprinkler control - was added.

The brains behind this project is a PIC 16F873 micro­
controller [1], a 16 x 2 LCD display and a ready-made
flow sensor [2] and solenoid [2] . The software was writ­
ten in 'C' [3].

The flow sensor is the most expensive part of this
design, so this project can be built either as a combined
unit or as a flow meter or event timer. The PCB has been
designed so that all unused pins are available for future
expansion or experimentation.

The maximum amount of water used is 999.999 in
gallons or kiloliters, the maximum price per gallon or kilo­
liter is $(£)9.99, and the total price that can be shown is
$(£)999.99. The on chip EEPROM is used to store the cost
per unit and, after each sprinkling event, the water used
and its cost is calculated and stored for future information.

As can be seen from Figure 1, the circuit consists of
nothing more than the microcontroller, flow sensor, and
solenoid (located off board) , and a few ancillary compo­
nents. The flow sensor's signal is connected to pin 5 of
DIL connector JP3 and is read by the PIC's RCO pin which
counts the number of pulses from the sensor. The water
solenoid (if used) is connected to pins 1 and 3 of JP3 and

is switched via Tl , a
2N2222A or equiva­
lent. D2 is the flyback
diode to prevent dam­
age to the transistor
and PIC when the
solenoid switches off.
Push buttons 52 and
53 are used for set­
ting the day, current
time, cost per gal ­
Ion/Kit of water and,
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I Water Meter I Timer
-- - ----~- - -

No special skills required.
For those who want to do their own programming ...

a PIC programmer

) Flow Direction

supply voltage. The emitter diode requires an external
resistor R8. Because the internal resistor connects to 5V,
we get a squarewave with a maximum amplitude of 5V.
Just perfect for a microcontroller's input pins .

This particular sensor produces a nominal 1,200 puls­
es pe r one lite r of water or 4542 pulse/ l US gallon. These
are the pulses that are counted by the PIC's RCO input in
compare mode. When 1200 has passed, the counter is
reset and the liters variable is incremented by one. This is
the value which is marked in the software file that will need
to be altered if a different sensor is used.

The sensor comes in two flavors and the one used

The one selected here requires the wate r pressure to be a
minimum of 0.2 bar with a flow rate of 1.32 US gallons
(5It)/minute when the fluid temperature is below 77" F
and the ambient temperature is below 140 0 F. The sole­
noid is rated at 4W and can be driven by 12V DC (max
13.5V) or 24V AC.

It may be possible to use a standard 24V AC water
solenoid from gardening ce nters, but th is hasn't been tried.
The coil res istance of the solenoid specified is a nominal
53 ohms and appropriate alterations to the circu it of T1
would need to be made if a relay or other solenoid was
used. The inlet and outlet ports on the solenoid have 1/2"
BSP threads.

The flow sensor in Figure 2 has an LED that emits light
towards a detector diode ; the force of water turns a wheel
that interrupts the beam of light from the LED. Interna lly,
the turbine is reminiscent of a miniature hamster wheel
with electronics! The fluctuating LED light causes a
change in output voltage from the detector diode. This
voltage is amplified by the onboard amplifier, squared up
by a Schmitt trigger, and arrives at the flow sensor's out­
put transistor. The flow sensor has an onboard voltage reg­
ulator for the diodes and amplifier, and the output transis­
tor is connected via an internal 10K ohm resistor to the

Inlet

Figure 2.
Flow sensor
connector.
view from top.

eee
+5v Out Ov

A

+5V
BACKLIGHT

+5V '"0:

Figure I. Flow meter schematic.
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here has a flow rate of
1.5-30 liters /minute.

Electronics
Constructiono

u
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CD

o

.'.,'." '.'..'.:... ~
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Vl

00
•

Setting Up

Depending on the rise time of your programmer or
power supply, the un it may start up in powe r disrupt
mode. If so, just pres s the Menu key and the set-up menu
will appear. The menu de faults to the setting of the current
day, the ne xt press of the Menu key will allow the current
time to be entered - for accurac y, enter the minutes last
as the seconds revert to zero at the release of button 3.

Sources
[ I] Pre-programmed 16F873 US $8.6S, PCB US $ 13.70 postage included available from

Colin Barnard at (cdb@ barnard.name).T he 16F873 is also available from Digi-Key
www.digikey.com or www.crownh ill.co .uk.

[2] RS Components www.rs -co m ponents.com. Rapid Electronics
www.r apidelectro nics .co.uk.

[3] W iz-C compiler www.fored.co. uk! www.dont ro nics.com.

•aD

a,o~ooao,o

D
D
D

CY"

Figure 3b .
PCB tracks
lower side .

i Figure se,
Component

;@ layout, top
of board.

Thes e files are
available at
www.nutsvolts .com

enu

.'":~. : '. ' --.'.:·.'.t: ~
' :' : :.,;,'0

N

-o
ru
c

Button

3.68" x 3.2"

Hex file for con sumption in Liters
Hex file for consumption in US Gallons
Header file to allow bit access of registers
Main header file for project
Header file for button ro utines
Heade r file fo r display routin e
Main file
LCD display file
Front panel design
PCB layout file

o
o

Figure 3a.
PCB tracks
upper side .

Sprinkler_met ric.Hex
Sprinkler_USgallons.hex
P16F877 2 INC.h
Sprinkler-:h ­
ButtonPress.h
LCD_shiftout.h
Sprinkler.c
Lcd_l.c
sprinklerJpd
Sprinkler.brd

Th e Disp lay in Event Setting Mod e. Event No. I is shown with th e
Event Minutes having just been set to IS minutes , and the event
will happen at 9: I5 every Monday morning.

The PCB in Figure 3
is double-sided and is
quite straightforward to
populate. All the com­
ponents with the excep­
tion of th e LCD, D2, and
R8 fit on the PCB. Start
with the smallest com­
ponents first. A narrow

3.68" x 3.2" 28-pin socket is
r-;:::==================:;;;::::;;;::============;-_L_-_-_-_-_-_-_- 1----- - - - - - ------" required for IC1 or use

snap-off socket strips. The headers are snap-off SIL pin
headers normally in strips of 25 or so. The push buttons
can be so ldered either to the PCB or be panel-mounted
and have trailing wires attached to the PCB. The layout is
not critical, so prototype perfboard could be used instead.
Diode D2 is fitted directly across the solenoid terminals.
JP3 is connected to the outside world via an eight-pin DIN
socket.

It is suggested that eight core data cable is used for
the external data connections.

The sensor requires R8 to be wired between its supply
pin and the anode of the LED (pin 5 of the sensor). To
connect the wiring to the sensor, the white cap needs to
be pried off the sensor and a piece of 0.1" veroboard 4 x
9 holes can be placed neatly over the terminals and R8,
and the wiring soldered to th is.

When the board has been completed - but before IC1
and the display have been fitted - check for shorts and
solder s plashes. If all seems okay, connect to the powe r
supply and check that 5V appears at the output of IC2
and at pin 20 of ICI. If all is well, disconnect the power
and insert the PIC and connect the display - now we are
ready to set up .
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See Table 1 for the complete
button action list. On the proto­
type with the solenoid and LED
off, current consumption was
28mA rising to 240mA with the
solenoid switched on .

Plumbing
Construction

Menu Button (5 I)
Power Ou t Reset
Menu 0

Menu I

Menu 2

o
I
2
3
4
5

Button 2 (52) Action on Press
No Act ion
View Co st and Usage information

Increment

Event Day
Event O n Hour
Event O n Minute
Hour Durat ion (max 4 hours)
MinsD urat ion (15 min
intervals)
Next Event (Max 7)

Button 3 (53) Action on Press
No Action
O verride Timer EventlMan ual
water on o r off

Next sub menu #1
Next sub menu #2
Next sub menu # 3
Next sub me nu #4
Next sub menu # 5
Retu rn to sub me nu #0

No Act ion

events past eight unless one of the newer 18F252s or a
step up to the 16F876 part is used, in which case, the 'C '
file will need to be recompiled.

If the project is only built as a usage meter or a more
frequent write access is required , then an 12C EEPROM
can be fitted with the required ch ange to the so ftware.
Incidentally, there are 128 bytes of EEPROM space ava il­
ab le and only nine bytes are presently used.

Special attention should be taken of the real-time
clock (RTC) routine , which uses a ra rely-used Bresenham
algorithm for accuracy, no matter what crystal clock speed
is chosen. Again , this is commented on in the file listing
availa ble for download at www.nutsvolts.com. NY

The flow sensor and so le- Menu 3

noid have flow direction arrows Menu 4

marked on their bodies . The
Menu 5

actual plumbing required will ,
of course, vary depending on Table I
individual requirements.

In the prototype, a standard hose tap adapter was con­
nected to the solenoid which, in turn, was connected to a
1/2" to 1/2" female plastic adapter as the joiner to the flow
sensor. From the flow sensor, a connector simila r to a
washing machine connector attaches to the hose pipe and
is secured with a Jubilee clip. Don't forget to use plumbing
tape on the threads to prevent leakages and - if possible
- use brass fittings, as the plastic th reads will stretch over
time in hot weather! Naturall y, the completed electronics
shouldn't be allowed to come an ywhere near wate r. A plas­
tic case is necessary for the electronics and silicon sealant
sh ould be applied across the solenoid terminals and the
exit hole for the flow sensor cable.

Set Current Day

Set Cu rrent Hours

Set Dollars /£ cost per unit

Reset Gallon s/Kliters

Set Current Minutes

Set Cents /Pence cost per unit

Rese t Curre nt Value Total

The Software

51

View of the
solenoid (to p)

and flow sensor
(bottom) in situ .

The flyback diode
board can just
be seen in the

background.

View of
the button and

power
connections.

The ISP
co nnec tor is
visible at th e

top of the
board.

Capacitors (all except CO 2.5mm
lead spacing)

C I, C2 - 22pF
C3 - 220uF/25V 8.5mm lead spacing
C4 - 22uF/1 OV
C5 , C6-0.1uF

Miscellaneous
S I, S2, S3 Push-button switches

momentary contact
DIL 8-p in IC socket (o pt ional )
DIL 28-p in IC socket (narrow or IC strip)
JP 1,2,4,5 Strip of pin headers
JP3 2 x 3 Strip of dual pin headers
X2 PCB mounting 2-way terminal block
DIN Socket 8-way or equ ivalent
DIN Plug 8-way or equiva lent
Plastic Case 6 x 4 x 2" minimum
Cable 8 core capab le of O.4A min

e.g., 7.0mm x 0.2mm conductors
Circuit Board

Resistors (1/4W. 5%)
RI ,R2,R3 - 5.IK
R4 - 1.8K
R5, R6, R7 - 10K
R8 - 180 ohm (off board)
R9 - 330
VR I-10K Linear Preset

Semiconductors
DI IN4148
D2 Diode Bridge W04G
D3 LED3MM
T I 2N2222A or equ ivalent
IC I PIC 16F873/20MHz
IC2 7805 500mA T0220
XI 10MHz
LCD 2 x 16 with backlight
Flow Sensor part# RS 257- 133
Solenoid part# RS 342-023

(From RS Components UK)

As mentioned previously, the software has been writ­
ten in 'e. ' This will be easy to convert to other versions of
'C' cross compilers for PICs. The files are well commented,
and it will be easy to see where the alterations should be
made for flow sensors with a different pulse count and
changing the maximum and minimum on times and dura­
tions. It is not recommended to increase the number of
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Build The Frat Chim e

RLI

4

5
CSr ·OI

DI
_ IN4001

MARCH 2003

FIG U RE I . The Frat Chime con sists
of three sections:A programmable

binary down counter made up of U I
and 52, a gated squarewave generator

(U2A and U2B), and a monostable
multivibrator (U3).

1. The first and ma in section is a 4516 binary up/down
counter (U1). This ch ip will eithe r count up to a preset
value, or count down from a preset value. I opted to use
the count down mode simp ly because it kept th ings easi­
er. Using this method, the numbers shown on the face of
S2 equal the number of times the ch ime rings. If you set
S2 to six, the ch ime will sound six times. The starting
number is loaded into the counter when you push the
Press To Start (SI) button.

This causes the carry output (pin 7) to go high and
start a 1/2-Hz clock - one pulse every two seconds ­
made up of U2A and U2B. Each tick of the clock sub­

tracts one from the total
entered into the 4516 (this
is done by consecutive puls­
es on CP, pin 15) , until it
reaches zero, at which time
the ca rry out goes low and
the clock ceases to tock.
What this means is that if
you ente r the number 7 into
the presets, then press S 1,
the clock will tick exactly
seven times and then stop.

While all th is is taking
place , U2C and U2D - con­
figured as a non-inverting

U3
555

RIO
Ik

C4
luF

R8 R9
lOOk 10k

+
C6

I 'OUF

+6V

The circuit co nsists of three sections. Refer to Figu re

Const ruct this automated
chime for your lodge

or fraternity

T here's a stillness in the air. Fixed eyes focus on a
handsomely-crafted wall clock, some strain at
dimly-lit wristwatches. The minute hand ticks ever

closer to that Witching hour. Boing ... boing ... boing ... Let
the ritual begin. Several "fraternal organizations" - like the
Elks and Moose Lodge - use a chime, relating to a clock
time, in various parts of their rituals . Tradit ionally, the
chime was a small gong or bell tuned to a resonant fre­
quency with pleasing overtones that rang out when st ruck
by a wooden mallet. An assigned member of the fraterni­
ty was in charge of both timekeeping and the st riking of
the chime.

Each fraternity has a different day and a different hour
for these rituals - a requirement that inspired this project
- which I fondly call the Frat Chime. Press the Start but­
ton, and the Frat Chime produces a train of metered puls­
es that "sound" the chime for the number of times set by
a selector switch. These pulses close a relay that actuates
an electric chime or other announcer dev ice.

How It Works

C2

Press To '1 51
I O.IUF

Start -=-

52 ~~
6

~
RI R2 R3 R4
10k 10k 10k 10k RS

C I 2 10k

000
I

-=- -=- -=- -=- -=- -=- -=-
(It

!:i
~
loIS +

CIR6 R7
~ (It 1M ISOk 4.7uF

fl-.::::»
Z
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Parts List - --- ---- ---- - - --

Resistors
Rl ,R2,R3,R4,R5,R9 - 10k
R6 - 1 Meg
R7 - 150k
R8 - lOOk
RIO - lk

Capacitors
Cl - 4.7uF
C2 - O.luF
C3 - luF
C4 - .01uF
C5 - .01uF

Semiconductors
01 - IN4148
02 - LEO
U1 - 4516
U2 - 4011
U3 - 555

Misc.
S 1 - Normally-open push-button
switch
S2 - Hexdec rotary switch (Oigi­
Key SW217-NO or equivalent)
RL1 - 5V SPST, NO relay
(Hamlin 3321A0400 or equiva­
lent)
Battery holder - four 'AA' cells
6VOC wall-wart (optional)

An etched and drilled circuit
board is available for $9 .00 from
Futurlec, 1133 Broadway, Suite
706, New York, NY 10010
(www.futurlec.com). A kit of
the above parts is also available
for $18.00 and includes an
etched and drilled printed circuit
board, batteries not included. Add
$3 .00 for shipping and handling.

~---3 5/81
- - - -

GONG 2002

FIGURE 4. Only three
external components are

required.The chime can be
any electrically-actuated

device. such as a doorbell
chime with an appropriate

transformer.The 'M'
battery pack can be

replaced with a RadioShack
273-175 8 wall-wart.

buffer - follow in sync and provide pulses
to 02, a light-emitting diod e, and U3 (via
coupling capacitor C4 ). U3 is a mono­
stable oscillator. Each time the input (pin
2) goes low, the 555 output (pin 3) will go
high, which causes RLl relay contacts to
close for about one-half second. Resistor
R8 and capacitor C3 determine the length
of time the relay stays closed using the
formula: t = 1.1RC, where R is in ohms
and C is in farads.

I know this calculates to be longer
than one-half second "on" time, but you
have to remember that a relay is a
mechanical device. That is, it takes time
for the contacts to make contact. So while
the metal arms are swinging into position,
the 555's meter is running. When you add
these numbers up , it means that the
actual time the contacts are closed is
the 555 time-out time minus the
amount of time it takes for the relay
contacts to engage. I po int this out
because if you substitute a different
relay for the one specified, or replace
it with an opto-coupler, you'll need
to adjust the values of R8 and C3
accordingly.

Want a longer time between
chimes? Increasing Cl's value stretch­
es it out, and decreasing it makes the
st rikes closer together.

Construction

Because there are so many differ­

MARCH 2003

Press To
Start

•
•

300S uy.n;)

4 'AA' Cells

- 6\1 t

FIGURE 2. This is the foil
pattern for the Frat Chime .

An etched and dr illed circuit
board is available from Futurlec

fo r $9.00. See the Parts List
for details .

All the reader needs
is a soldering iron

and soldering skills.

FIGURE 3. When placing the
parts on the circuit board ,
obse rve IC orientation and
capacito r polarity. Note that
three jumpers are requ ired .
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Afte r bu ilding the Frat
Chime, I showed it to my
girlfriend who laughed out
lou d at the idea - until she
saw a use for it in the
kitchen. She now uses it to
tim e and count the num­
ber of strokes fo r cake
mixes and other chores
that used to be done by
mum bling one Mississippi,
two Mississippi, three ...

(Ih-oh ... the clock just
str uc k 13, whic h means
I'm out of here! NV

It's Time

SG-23 I

Once JOII 'l'e
learned how the

Smartuner works,
you won ' I want
anything else!

Project lifts objects as see n
in vi deo on our web site. Uses
electric forces that defy gra vity
and providing a contoous force .
Excellen t scien ce project as well
as fascina ting resea rch into a
very fertile fieldthat eventua lly

~:~~egA6~~~:~:~e~ia;' 1
GRM Plans and COROM. .....S20.00
GRA4K Kit and COROM .............. ..$99.95
GRA40 Power source and CD-ROM.....S149.95

7 KV HV MODULEfor ho vercraft . plasma
guns, antigravity , pyrotechn ics. 12vdc Input.
fJlINIMAX5..... . $29.95

from Futurlec for $9.00 (see Parts List) . However, the
circuit board isn' t a must. The project can be constructed
using any method you wis h, incl uding perfboard and
wirewrap.

A parts placement gu ide is shown in Figu re 3. Layout
isn't cr itical, but you have to pa y attention to the position

of th e ICs and SW2, and
the polarity of capacitors
C1 and C6. Also note that
the board includes three
jum per wires. I did this so
that the circuit board can
be made using single-sided
clad, which is easier for the
hobbyist to duplicate than
a double-sided board.

I power my Frat Chime
with four AA-cell batteries,
but you can use a small
six-volt wa ll-war t, like the
Rad ioShack 273-1758.
Like I said, I leave the
mounting of the circuit
board up to you simply
because there a re so many
options.

For example, you may
wish to insta ll it into a proj ­
ect box , a long with the
chime, and run a pair of
wires out to S I , the Press
To Start button. Or maybe
in the base of a lamp that
flashes on and off to aid
those with impaired hear­
ing . The possibilities are
endless. See Figure 4 for a
typical example.

..

PLASMA FIRE SABERS
Kits, Parts and Accessories
~:ci~~C:~~fc~1~ ~~~~o,tt"jon~~:::::=::::::=:=",,--

~~ b/ue. gm. pur, redor yel.
~ Moving light appears to evaporate into space

Blades screw intohandle for easy replacement

We stock all size and color blades. mau/eradapters, tubes
digital drivers. and parts forauthentic designs . Wireless
Interactive sound modul es change tone w ith mo tion

SAB15AssbJedwith 15w Blade..S39.95

SAB 24 Assbled with24" 81ade..S79.95 SAB 24K Kit ...S59.95

SAB36 Assbled with36"Blade .S149.95 SAB 36K Kit..S129.95

SGC Smartuners are designed
to work with any transceiver
(including the ICOM 802) and
any antenna. They are fully
automated, intelligent enough
to select the best match be­
tween feed line and antenna in
seconds and remember it so it
can recall that match in milli­
seconds. The Smartuner sets
the standard. It is the original
and still the best.

C ircle # 123 on the Re a d e r Service C a r d .

No Compromise Communications

6 TRANSMITTER KITS
l ong range up to 3 m i. Voice Xmt r, Tel
Xmtr line Powered Tel Xmtr,Tracker and
Hom ing Xmt r, Vidl aud RepeaterXmtr, TV!
Rad io Disrupter. COMBOX All six kits
only 549.95!!1

Visit www.sgcwo rld.com for more information on the entire line ofSmartuners

SGC Inc. 13737 SE 26th SI. Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425 -746-6384
sgc@sgcwo rld.com www.sgcworld.com

ent ways th e Frat Chime can be used , I purposely limited
the construction to a pr inted circuit board. One that con­
tains all the ins-and-outs needed to adapt the design to
almost any a pplication. I leave the enclosure up to you .

A foil pattern of the circuit board is shown in Figure
2. An etched a nd drilled circuit board can be purchased

. .
Informat ion Unlimited PO Box 716 Amherst N.H. U.S.A. 03031 E-mail <infol@ wavewizard.com>

1 800 221 1705 Orders Only! Fax 1 603 672 5406 Information 1 603 673 4730 Free Catalog on web or send $2.00
Pay by MC, VISA, Cash , Check , MO. Add 55 .00 S&H Overseas Contact for Proforma

Do YOU want to be heard? OF
COURSEI Then use the SGC
Smarruner" - the Essential link
between your HF transceiver
and antenna. Matching at the
transceiver is good, but matching
at the antenna is better. SGC
Smartuners are designed to do
just that. They operate com­
pletely independently to provide
the best match between the feed
line and the antenna, eliminating
SWR problems completely.

Powerful listeningsystem. yet simple in operation. Youshinea laser
at a window and intercept thereflectedbeam with our ultrasensitive
filteredoptical receiver. Vibrationsonthe window from intemal
soundsand voicesareflOwelearlyheard. Rangecanbe up to several
hundredmetersdependingon faserpowerandopticsused.

lW B9 Plans fa 3 Laser Window BounceSystems S20.00

lWB6K Kit of lao'visible red for SCienceProject $129 .95

High perlonnance modules requ ire housingand simple alignment to
make a fie ld worth y LAS ER W INDOW BOUNCE unil. Shows tes t
tone ci rcu itry , opt ics and our lab method of a completed assembly
l WB90 Assembled rece iver , 10mw IA laser, col limator ..$449 .95

PAIN FIELD PISTOL
C a u t lonl Do not aim at people !

Blasi out rodents with higl
power ultrasonics .

Handheld and battery
ope rated with all controls.

Renta l unitsavailable.
PPP1 P1ans _ S8.00
PPPI K_ 549.95
PPP10 Ready '" Use $79.95

ELECTRONIC HYPNOSIS
TakeControl!! !

Circuitry place s SUbject under you r
con troll Induces sonambulistic states .
HYP2 Plans...$10.00 HYP2K Kit ..$49.95
HYP20 Ready to Use $69.95
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527.95

As Low As

$32.95

Complete with 40W iron.

DIGITALSCOPESUPER SPECIALS
OS-203 20MHl/10MslsAnalogtDigilal $695

0 5-303 4OMHZ!2OMslsAnaloQlDigilal $850

05·603 6OMHzf2Ot.Asls Analo!¥Digital $950

Elenco Oscilloscopes
Free Dust Cover and xt, x2 Probes

2 year Warranty
S-1330 25MHz Delayed Sweep $439

S-134(J 40MHl DualTrace $415

5-1345 40MHl Delayed Sweep S569

5-1360 60MHz Delayed Sweep $125

S-1390 100MHz Delayed Sweep $895

Weller4 Low Cost Solder ing Iron
Model WLC100

Variable power control
produces 5-40 watts.

Ideal for hobbyists, DiVers
and students.

Electronic Science Lab

Ordering Information:

Maxitr onlx 500-in-1 Electr onic Project Lab Model MX-909

Everyth ing you need to bund sao exciti ng elect ronic
projects:

• learn the basics of electro nics . 500
different electronic experiments, special
lighting effects. radio transmitter and
receivers, sound effects, coot games and
MORa

• Includes buitt· in breadboard and an LCD.

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

• Includes 11 parts.

• lab-style manual induded.

• Requires 6 "AA· batteries

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

Model SL-5 - No iron.
(Kit SL·5K)

Elenco SL-5 Series
Electronically controlled, ideal for professionals , students, and

Available in kit form or assembled.
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Model AM-780K
Two tc Radio Kit

Model RCC-7K
Radio Control Car Kit

527.95

· 7 FIoWlCIions -e:;::5~~ I

Elenco 3MHz Sweep Functi on • ....; _

Generator wi buil t- in 60MHz
Frequency Counte r

Model GF-8046

4 Fully Regulated Power Supplies in 1 Unit

• D-30VDC0 3A Output
• 3A Fused Currenl Prolecbon
• Currenl LimitingShon PlOIection
• 0.0250 Output Impedance

Model AK-700

Model MX·901SW
Short Wave Radio Kit
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• large" 3314 Oigil

lCO
• Autorangmg Freq

lo 4U Hz

• Cap.to~F

° lnductance lO4OH

• Res. to 4.000Mll

• logic Test

• Diode! TraMislor
Test

• Audible Coobnuity
Test

$99

Model LCM·1950

Sensitivity:
• <1.5rnV 0 100MHz
• <5mV 0 250MHz
• <5mV 0 1GHz
• <1QOmV 0 2.4GHz

Elenco Handheld
Universal Counter

1MHz - 2.8GHz
Model F-2800

Elenco RF Generator
with Counter 1100kHz - 150MHz)

Model SG-9500

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

Includes antenna. NiCad battery, and AC
adapter.

C·2800 Case wI Belt Clip__ ...__...S14.95

Features intemal AM mod.of 1kHz, RF output Generalessquare, lriangle, aridSinewaveforms, and
:~V . 35MHz. Audio outpul 1kHz @ 1V TTL,CMOSpulse. $199.95
SG·9000 (analog, wlo counter) 5135 GF-8025 · WithoUtCounter$139.95

• Cap.O.lpFIO~F

• Inductance l~H to
20H

• Ae$l$tanceo.om
to 2.000MQ

• Temperature ·2Q"C
to 75O"C

• OCVo/tsO ·2QV
• Freq . up to 15MHz
• IJiod&IAudible

Continuity Test
• SignalOutput

FuflCtiOn
• 3112DigiIOispiay

589.95

Test Equipment

$325 $445
$259
$225 i;f:iQiAAf¥FR'

11 Funct ion s:
• Freq. to 2OMHz

· cap. to2C'4J.F
• ACIDC Voltage

• AC/OCCurreol......'
• Diode Test
° TransistorTes1

• Meets Ul-1244

sately spBCS.

Elenco Dig ital I Analog Trainer

Model XK-150 $89.95

SC·1oo - 100 experiments

Elenco 's new Snap Circuits'" make learning electronics a AsnapA. Just follow the coIof1u1 picture s in out
manual and build over 300 pro;ects, suct1as AM radios, burglar alarms , nash lights , doorbells. and much
more. Youcan even play electronic games with your lnends. AMpans are mounted on plastic modules
and snap together with ease. Enjoy hours 01educationaltun while learningabout electronics. Youcan
evencreate yourown experiments! No tools required.

L....- --:;...:;.....::.........;....!.:.....:....:..:...:....:..:..~ IIElenco Educational Kitsl

ThII les1erisaconvenientinsrrumenllortesting
Oifferenl RJ-l1 and RJ.-.s comec:tors and coax
cableS. Cables can be tesled before and atlar they
If. inStallecL

• lMpping fl'l'lCtiOn
• Test5aoMbe'JoreOlalter1heirinstala1lOft. 575
• e.tJle~~ llJlqighlor.-se)

· P... ldentficatlontllr~or1"9'Y'&fM)

• Open or Shon TesIJng
• Lo.r Ban.-,lnOCa1or
• AutoPowIr.Oft Fln:lIOn (30 s.)

SoIt Vln)" ~CaH(ModtIIC-90}Jnclud«lf

TCT ·255 K .Mutli-Netw\:IItl Cable Testei' I( It - $39.95

Features :
• 83().pinBreadboard

• 8 Data Switches

• 8 LED Buffered Readouts

• Buih·in FunctionGenerator
(sine & square wa ve)

• Built-in Clock Gereratoe

• Variable Pow&!"Supply

• 0.2Hz to 20MHz
• AM & FM Modulation
• Bu rst Operation
• Externa l Frequency Counter

to 30MHz
• Linear and l og Sweep

10M Hz Model 4017 A

5MHz Model 4011A

2MHz Model 4010A





MARCH 2003

N CALIFORNIA'S

FF-RoAD ROBOT

IGHTING EVENT!

57



by David Panting

Make your voltmeter measure up ...

, The rear view of the PCB of the PM-128
digital voltmeter module.

EXTENDING THE
RANGE OF

THE DIGITAL
VOLTMETER

MODULE

200K Multitum

MARCH 2003
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VOLTAGE TO 9.5 VOLTS

FROM
BE MEASURED FIGURE 2

R5
10M

ed full scale deflection (FSD) of, say, ImA might well have
an internal res ista nce of 100 ohms. If it did, then the same
full scale reading could also be interpreted as 1/1 Oth volt.
When you went shopping for them, the parameter "ohms
per volt" was often attached to panel meters: the higher this
figure was , then the more sensitive (and the more
expensive) the meter. Fourth, analog panel meters were
physic ally fragile.

And fifth, there was the ever present problem of acci­
dental overload. A panel meter might very well tolerate a
small excess of the order of 200%, but anything much
greater than this and you would end up with a very bent
needle wrapped around one of the meter's end-stops - or
in the final analysis - with a burned out coil and a funny
smell. Then along came the digital panel meter.

Fundamentally, these are designed to measure voltage.
For a while they were somewhat expensive compared with

58

T here was a time when all panel meters were round.
Then - as an aesthetic variation - square ones and

rectangular ones were introduced. At this time, they all
used a lightweight metallic needle which rotated about a
fixed point across a printed scale. These pointers were usu­
ally driven by the magnetic interaction of a current-carrying
coil of fine wire with a permanent magnet, and the whole
moving assembly operated against the action of a return
spring. Fundamentally, they all measured current flow and
were accurate to no more than a handful of percentage
points at best.

Both poor and good quality anal og panel meters
shared many disadvantages. First of all, the zero reading
had to be set by carefully adjusting a small screw on the
front of the meter. Periodic re-adjustment was sometimes
needed, but re-setting was almost always a necessity when ,
having zeroed the meter for horizontal use , it was then
moved into the vertical plane.

Second, estimating the position
of the pointer was never simple. The 25 -40 VOLTS

needle rested above the surface of the
scale so that unless your eye was
directly above it, the reading could be
recorded as higher or lower than it
should be. On better meters, the scale
included a mirror section so that you R1

could line up the pointer with its 3K3

reflection and avoid these parallax
errors. In addition, higher quality
meters had very long scales to
improve their accuracy, but this also
made them physically large . 50

Third, the meter's precision was
always compromised by the resist­
ance of the coil of fine wire. This
caused a significant voltage drop
when measuring current, and diverted
current when measuring voltage. This
meant that it was impossible to meas-
ure accurately very small values of FIGURE I
either voltage or current. Further, a
typical pa nel meter having an intend -

1--- -+- -
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more certain solution was sought and the first circuit
described includes voltage dividing resistors which corrects
this problem.

The second scaling problem has no solution in a gener­
al sense. With the old style analog panel meter set up with
appropriately-chosen resistors , the input could be propor­
tioned to give a full scale deflection of any value of voltage
or current. Low resistance shunts straight across its termi­
nals would allow it to read large currents, while adding poten­
tial dividing resistors would make it suitable for registering
high voltages. Of course, this is similar, but not the same for
the digital meter. The difference is that the analog panel
meters can have a full range of any value , for example 42
volts if required, and then it would be a relatively simple mat­
ter to replace the 0-100 printed scale with one marked 0-42.
But that can never be done with a digital meter. However its
input is scaled, the maximum reading is always going to dis-

8
t----;7

330p

R7
1K

R6
1K5 ~i=7mA

V= 10

FROM
FIGURE 1

the analog version , but today , the ubiquitous, so­
called 3-1/2 figure digital panel meter (that is one
with a maximum numerical display of 1999) is
probably as cheap as - if not cheaper than - its
analog cousin.

Gone is the need to zero the digital voltmeter
(DVM) since it is guaranteed to read 0000 for zero
input and, of course, any measured voltage can
be read directly in figures instead of trying to esti­
mate the position of a needle. The digital meter's
input impedance is greater than 100 megohms
and its display is accurate to plus or minus half of
one percent. Compared with an analog panel
meter, the digital version is very robust and more
or less impervious to a wide range of both positive
and negative overloads. If the input signal lies out­
side the digital meter's display range, a single 'I'
appears in the display to indicate this condition.
You might think that with all these advantages
over the moving coil panel meter, the digital ver­
sion must be the perfect alternative. However, it
has three major drawbacks which this article tries to
address. Two of these problems are concerned with scaling.

First, the real advantage of the high-input impedance of
the digital voltmeter can itself be a problem when it comes
to changing the scale. The instruction leaflet which came
with the PM-I28 digital panel meter I was experimenting with
suggests that to change the scale from the fundamental of
200mV (actually 199.9mV) to a full scale deflection of 200V
(199 .9V), you disconnect a wire link which bridges pads
marked RB at the top of the meter's PCB and replace it with
a resistor of 9.99 megohms. Another resistor of 10K ohms is
then soldered into a second position marked RA along the
same edge of the PCB. It suggests that both resistors should
be 0.5 percent types.

The digital panel meter's supplier was telephoned and
asked where they bought the ir half percent, 9.99 megohm
resistors and their suggestion was: "Use a 10 meg resistor
and take up the slack by adjusting the existing trim poten­
tiometer on the PCB." However, when this was tried , the
potentiometer seemed to have insufficient range to accom­
modate the tolerances of the two resistors used, even though
both the 10K (one percent) and the 10 megohm resistors
had been accurately measured before selection.

Further, if the DVM is to be used over a number of
ranges, the on-board trim potentiometer would have to be
adjusted each time the range was changed. Consequently, a
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circuit was designed for use with the bench power
supply being built, it is referred to in that connec­
tion. However, with minimal changes, a fully
stand-alone 3999 DVM-equivalent can be built.

In the circuit diagram, consider first the
VR range of the DVM module. Using the scaling resis-

tor R5 which has a marked value of 10 megohms,
and with multi-turn potentiometer VR2 properly

LOAD
adjusted, the DVM can be set to measure up to
19.99 volts. The position of the decimal point is

R5 controlled from a matrix of six solder pads at the
top right corner on the rear of the DVM's PCB.
The three rows are marked PI , P2, and P3. Note
that the three pads in the right-hand column are
all commoned. Connecting the two pads together
in the top row marked PI will light the decimal

point at 000 .0. Similarly, shorting the pair of pads in the row
marked P2 will display the decimal point in the second posi­
tion: 00.00. And for P3, we get 0.000. For the purposes of
this circuit, the P2 pair should be shorted to obtain the dec­
imal point position as 00.00.

Returning to the circuit in Figure 1, the power supply of
25 to 40 volts shown does not itself need to be regulated,
but should be at least three volts or so greater than the
highest voltage to be measured. For the bench power sup­
ply I was building, voltages up to 35 were to be provided
and, conveniently, an approximate 40-volt source was
already available. This is the same supply that would sub­
sequently be regulated, made variable , and then used for
the bench power unit's output of up to 35 volts at two amps.

IC1 is an LM317LZ variable voltage regulator. The TO
92, 100 mA type is recommended over its bigger brothers
because it provides much better line regulation than all the
other versions. This voltage regulator with R1, R2, and VR 1
is adjusted to provide a stable output at pin 2 of 20 volts
which is applied directly to the non-inverting input of op­
amp IC2. Cl eliminates any high-frequency jitter which
might otherwise appear on this line. The supply voltage for
the op-amp is taken from the un-regulated input and decou­
pled by C2. The negative side of the voltage to be measured
is connected to common ground while the positive side is
applied directly to the inverting input of IC2.

Configured in this way, the op-amp is being used as a
voltage comparator and so its output at pin 6 is high when
the voltage at pin 3 is smaller than that at pin 2, and is low
when pin 2 is greater than pin 3. Consequently, with pin 3
pre-set at 20 volts, the op-amp's output is high when the
voltage being measured is less than 20. Under these condi­
tions , LED1 is not lit, but the MOSFET Q1 is switched on
hard so that the "north" end of R5 is effectively joined to
ground. The DVM module with its scaling resistors is now
connected directly across the voltage being measured and
this value can be read off the display.

However, when the voltage to be measured is greater
than 20 volts, the output of IC2 is switched low, LED1 lights
and with Ql off, the "north" end of R5 is connected via R4
to the 20-volt output of IC1. Under these conditions, one
side of the DVM's scaling resistor R5 is sitting at a potential
of 20 volts above common negative and the DVM module
will now read the potential difference between the voltage
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R5

VR2

R9

FIGURE 5
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play numerically as 1999 which means that resistors can be
added to make its full scale deflection 1.999 volts, or 19.99
volts, or 199.9 volts, or more, but if resistors are chosen to
make the FSD an input of 42 volts, the digital reading will
still be 1999.

This is not much of a problem if you are happy to keep
changing the meter's fundamental scale by factors of 10,
but scaling up in this way results at each step in a corre­
sponding loss of accuracy by the same factor of 10. This
really hit home when I was making a bench-type, variable
DC power supply and Iwanted to incorporate a digital panel
meter to allow an accurate setting of the output voltage
being applied to the load. The unit planned was designed to
supply a maximum output of 35 volts at a maximum cur­
rent of two amps. With this voltage measurement require­
ment, there were two choices: either measure voltages up
to 19.99 on one scale and then manually switch to the
199.9 scale for 20 to 35 volts (which is inconvenient and
results in a lower accuracy on the higher range ) or measure
everything on the 199.9-volt scale and accept that this
reduces the precision to one decimal place on all read ings.

Using a digital panel meter with a 3-3/4 scale to read
up to 3999 is the obvious solution, but inexpensive ones
simply aren't available. However, Figure 1 shows the circuit
diagram for a very simple design which effectively makes a
19.99 digital voltmeter read up to 39.99 with an accuracy
close to 1/100th volt across the entire range. Because this
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SETTING UP

LOAD

R5

R9 0.1

B

"ON" pads A

t~l ---
dP711I:PP2
0.000 00.00

+VIN

FIGURE 7

When the printed circu it board has been completed (not
forgetting the wire link), it should be connected to a 25- to
40-volt supply and checked that there is no excessive cur­
rent flow which could indicate track shorts. The power lines
to the IC sockets should be voltage-tested and assuming that
all is well, the op-amp and timer ICs should be fitted and the
LED tacked to its pins on the PCB, which can be temporari­
ly loose-wired to the DVM module.

To set up the circuit , an accurate multimeter and a vari­
able voltage source are needed. If necessary, the latter can
simply be created using the existing 25 to 40 volts to feed a
breadboard set-up of another LM317 with its own 240-ohm
resistor and a 5K pot to ground. This source is connected to
the "voltage to be measured" pins and should be set at about
19 volts as measured on the multimeter. At this time , there
should be a reading of some kind on the DVM module and
trim pot VR2 must be adjusted until the module and the mul­
timeter read precisely the same. The multimeter should then
be connected between the test point and earth, and VRI
adjusted until the meter reads a precise 20.00 volts. The vari­
able voltage source can then be used to check that voltages
below 20 are accurately recorded directly on the DVM mod-

before being soldered in place. It is also good practice to fit
the two, eight-pin ICs into DIL sockets so that these ICs can
be easily exchanged, if necessary. The LMC555 (or 7555)
timer IC is a CMOS device and this, together with the MOS­
FET, should be handled as little as possible.

being measured and 20; the lit LED is an indication that 20
volts must now be added to the reading on the display. R4 is
a current-limiting load resistor which prevents a dead short
across the 20-volt line when Ql is fully on; its value of 4K7
is insignificant compared with the 10 megohms of R5.

All that may sound a little complicated but, in practice,
the circuit is easy to make, set up , and use. The third prob­
lem when using digital panel meters is that most requ ire an
entirely independent and floating power supply of 7 to 11
volts. This usually means running the meter from a nine-volt
battery (which, of course, is a lways flat at the moment it is
needed) or involves an extra winding on the mains trans­
former together with separate rectification and smoothing.
What you cannot normally do is directly employ any higher
voltage already being used for the ma in power source as the
supply for the DVM module. However, Figure 2 shows an
easy way of doing just that.

The 20-volt line in Figure 2 is taken directly from the out­
put of the LM317LZ in Figure 1. R6 drops about 10 volts and
the remainder (decoupled by C4 and C7) powers IC3, the
CMOS version of the standard 555 timer chip. This IC is con­
figured as an oscillator with R7, R8, and C3 determining the
output frequency of around 70 kHz. As the value of R8 is
much greater than R7, the duty cycle of the squarewave out­
put at pin 3 is almost 50% and, by using the CMOS version
of the 555, it is virtually rail-to-rail. C5 and C6 provide DC iso­
lation from the rest of the circuit while Schottky diodes D1
and D2 rectify and almost double the output with minimum
losses. C8 provides the necessary smoothing. With the com­
ponent values shown in the diagram, the output has a float­
ing value of about 9-1/2 volts and will more than adequate­
ly supply the 1 rnA of current necessary to drive the DVM
module.

Figure 3A and 3B are full-size positives of the single cop­
per side of a printed circuit board which will accommodate
the circuits of both Figures 1 and 2. The 3A illustration rep­
resents the preferred version of the PCB which uses a fill
ground plane, while the 3B version has all the earth connec­
tions of components joined by tracking, allowing easier man­
ufacture for those who prefer to make their own boards.
Figure 4 shows the placement of components when either
version of the PCB is used.

Populating the board with its components should pres­
ent few difficulties. All the components are pretty standard
with the exception perhaps of the op-arnp, The recommend­
ed one is an MC33171 which, nevertheless, is readily avail­
able from component suppliers and has been chosen both
because it is particularly suitable for single rail use , but also
because it will allow a power supply of up to 44 volts. For
more modest requirements where this supply can be kept to
a maximum of 36 volts, the ubiquitous 741 device will serve
almost as well, although the MC33171 provides a closer rail­
to-rail output compared with the 741 . The MOSFET
ZVN4306A is the recommended type for Ql mainly
because of its small ON resistance. Data sheets show this to
be only 0.45 ohms, a value which - in this circuit - results
in an error in the measured voltage of only about 1/2 mV
when the MOSFET is full on .

Before the trim pots are fitted, their resistance should be
measured and they should be set at their central positions
MARCH 2003



62

R9 - in th is diagram - is a current-sensing, low-value, high­
wattage resistor. Load voltage measurement must be down­
stream of this resistor or the potential drop across it will
result in significant errors in the display. A voltmeter with its
plus and minus connections as shown , measures the volt­
age across the smaller of two proportioning resistors.

Figure 6 shows how R9 can be used with a voltmeter to
measure the cu rrent being supplied to the load . There will
be a voltage drop across R9 which is proportional to the
current flowing through it. This means that the voltage to
the "west" of this resistor is greater than that to the "east,"
and so the voltmeter needs to be connected with its positive
and negative inputs as shown.

From Figures 5 and 6 together, it can be seen that if a
single meter is to be used for both voltage and current
measurements, each of the meter's input leads needs to be
switched so that current flow through the meter is always in
the correct direction. This means that a rare , three-pole
change-over switch is normally required, as the decimal
points on the current and voltage scales will be in different
positions and also need to be reconnected. However, the
PM-128 DVM is bi-directional and Figure 7 shows how only
the module's positive lead needs to be switched, leaving the
second pole of the same switch to deal with the decimal
points.

And finally, the maximum load current in the bench
supply is to be two amps and the fundamental FSD of the
DVM is 200 mV, so Ohm's Law would suggest that R9
should be 0.1 ohms. By choosing the position of the deci­
mal point as 0.000 for cu rrent measurement, the voltage
reading on the DVM will represent in amps the load current
flowing. Because of non-load current flowing through the
proportioning resistors R5 and VR2, there will be a very
small error in current measurement, but this amounts to a
max imum of only about 3-1/2 microamps.

On the printed circuit board for th is project, there is
one link. If the DVM with its extended range PCB is to be
used for measuring both voltage and current as
described , this link can be removed and points A and B
joined to the appropriate tags on the two-pole, change­
over switch , S 1. NY

22uF,25V
O.luF
330pF
330nF
22uF, 16V
100uF,16V

PAR,.S LIS,.
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IC3 LMC555 (7555)

Ql ZVN4306A
MOSFET

Dl ,2 BAT85,
Schottky

LEDI High intensity,
low current

Capacitors:
Cl
C2,4
C3
C5,6
C7
C8

Miscellaneous:
S1 2PDT switch
DVM module PM-128

Semiconductors:
ICI LM317LZ

variable volt.
reg.

IC2 MC33171
op-amp

Resistors: (all 5%, 1/4 watt
unless marked)

Rl 3K3
R2 240
R3 10K
R4 4K7
R5 10M
R6 lK5
R7 lK
R8 27K
R9 0.1,1 %,1 watt

VR1 500 multi-turn
VR2 200K multi-turn

ule and, as the 20-volt
wa tershed is passed,
the LED lights and the
DVM returns to a zero
count before continuing
to read the voltage dif­
ferences above 20. Tha t
is all the se tt ing-up
there is.

The now-complet­
ed PCB is exactly the
same size as the DVM
and it can be directly fit­
ted to the mo dule us ing
M3 spacers and sc rews
through the two holes
at the edges of the PCB.
With the two boards
pigg ybacked together,

two pairs of solder pads at the left hand edges of both PCBs
will line up and these ca n now be linked across by four
short leng ths of wire. (The complete project in Photo 2
shows my prototype version where the four linking wires
are in slightly different pos itions from those shown in the
PCB template. The form of the PCB published in this article
conforms exactly to the new version of the PM-128 modules
currently available.)

Once this assembly has been completed, it is worth
repeating the whole set-up procedure a couple of times
and, in any case, before final calibration, the unit should be
switched on and left for five minutes or so to allow it thor­
oughly to warm up and stabilize. Each time the unit is used,
readings ma y drift upwards slightly for the first few seconds
until it is again properly war med up.

Looking once mo re at Figure 1, it ma y appear that the
meter module is wrongly connected with its positive and
negative inputs reversed. However, while experimenting
with the DVM, it may be noticed that it will read the same
numerical value when a voltage is applied with its input
leads connected either way round. In other words , this mod­
ule has yet another feature: it can also be used as a "center
zero" meter! Unfortunately for our purposes, the un-modi­
fied DVM module will display voltages with a negative sign .
However, a further link so lder on the PCB of the DVM mod­
ule will cor rect this. Referring back to the 2 by 3 decimal­
point matrix in the top right corner of the PM-128 module,
a fourth row of solder pads can be seen. The two immedi­
ately below the matrix are already joined, but if one of these
is linked to the tiny pad in the same row and immediately
below P3, the negative sign in the displa y can be turned off.

In the circuit in Figure 1, it is important that the DVM
module is connected with its more negative input joined to
the positive side of the voltage to be measured. This config­
uration results in readings which are very stable. Reversing
the connections tends to make the high resistance of R5
something of a hum detector an d readings are prone to jit­
ter. In any case, using the DVM module for the bench sup­
ply and wiring it in th is "reversed" way, provided yet anoth­
er opportunity. Figure 5 shows how voltage applied to a
load is normally measured when a DC supply is being used.

1--- -+- -



High-Tech Cop Carli
and Motorcgcle!i

by Bill Siuru

Panasonic Toughb ook CF-34
mounted in a protective case

on the motorcycle.

Get up-to-date on the latest wireless
communications and computer technology
that police departments are utilizing.

O nce upon a time, when a po liceman wanted to talk to
headquarte rs, he had to find a pa y phone. If head­

quarters, wanted to talk to him, they wou ld ca ll someone
who had a telephone, who would post some type of signal
in a designated location. Seeing the signal, the cop would
drive to the nearest pay phone and call in. Two-way radios
in police cars that first appeared in the 1920s
brought a major improvement in communica­
tion in the law-enforce ment community. Toda y,
cop cars and even cop motorcycles feature the
latest wireless communications and computer
technology.

TACHNET®

The cockpit of the typical po lice ca r today
usually contains a laptop co mpute r, one or
more radios , video cameras, radars, as well as
many switches for lights , sirens, and loud­
speakers. Usually they are installed in a rather
hodgepodge fashion, meaning less tha n opti-
mum officer safety, efficie ncy, and ab ility to co mmunicate.
Officers often have to ta ke their hands off the wheel and
thei r eyes off the road to operate the dials and switches or
view displays. Additionally, the National Center for
Statistics and Anal ysis's Special Crash Investigations
Program found several cases where the "flying" laptops
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San Diego County
Deputy Sheriff Joe

Dean using the
Panasonic Mobile

Data Wi rel ess
Display (MDW D).

Panasonic MDWD mounted
on the handlebars of a San

Diego County Sheriff
Department's motorcycle.

injured the police officers in accidents. Other independent
studies have shown installed equipment can interfere with
air-bag deployment.

Visteon Corp. has developed TACHNET® to gre atly
improve equipment interoperability, reduce cockpit clutter,
enhance efficiency, and increase officer safety.

TACHNET - featuring a single command-and-control
module - dramatically reduces the number of individual
devices installed in a police car. The system integrates
lights , siren , radios, radar, patrol video, and AM/FM radio
functions onto a centralized in-dash control screen. TACH­
NET also allows simultaneous transmission over multip le
radios and prioritizes radio signals allowing agencies to
communicate with each other, while reducing the number
of individual rad ios.

TACHNET uses three state-of-the-art technologies: a
heads-up display or HUD, voice control , and a control pod
for mission critical functions. This ergonomically-designed
control pod is mounted at seat-level to provide intuitive fin­
gertip control of siren , lights , emergency officer notifica­
tion, and radio controls .

TACHNET uses two computers: one for critical func ­
tions like radios , lights , and sirens, and a 700 MHz Intel
Celeron, with a 40GB hard dr ive for other data-driven appli­
cations such as doing reports.
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Finally, TACHNET's design removes objects from the
air bag deployment path and minimizes the potential for
equipment to become projectiles during a crash.

TACHNET was developed using technology provided
through alliances with the leading and most-experienced
vendors of hardware and software for the law-enforcement
community.

These included Aether Systems, Federal Signal,
Padcom, Kustom Signal, M/A-Com , Code 3, and
Kenwood. Assistance was also provided by the Michigan
State Police and Boston Police Department. In addition,
TACHNET's open architecture allows plug-and-play
expansion capability for easy upgrades as new technolo­
gy comes along.

TACHNET uses Aether Systems' PacketCluster®
Patrol" software that is combined with Visteon's Voice
Technoloqyt" . So , for example, officers can query the
National Crime Information Center (NCIC) via voice con­
trol with the results projected on the HUD. Currently, over
60,000 law-enforcement professionals use PacketCluster
for applications ranging from real-time data access that
results in increased returns on the number of stolen vehi­
cles identified, to "silent dispatch" communication that
allows dispatchers to spend more time on the most
important tasks. In addition, wireless field reporting
offered by the software optimizes the amount of time offi­
cers can spend on the st reets.

Padcom, Inc., Wireless Data Connectivity Suite" pro­
vides TACHNET's seamless and transparent wireless data
communication. Padcom's modular software platform
enables officers to access important information without
worrying about which network is in coverage, improving
both communication efficiency and safety for officers.
The Connectivity Suite also provides greater control for
network administrators and simplifies information flow for
officers in the field, in addition to its software.

Federal Signal integrated several of its audible and
visual warning products into the TACHNET system. These
included: corner strobes with a programmable six-head
power supply; numerous Generation III LED modules
mounted both in and outside with an LED flasher to syn­
chronize flashes; speakers and siren controllers; and low­
profile all-LED "Arjent" Iightbars. M/A-Com supplies the
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radio technology to
enable integrated com­
munications for TACH­
NET and provides a path­
way to integrated voice
and data communica­
tions over IP networks.

Padcom

The police car pulls
into a parking lot .
Virtually instantaneously,
the computer in the
squad-car downloads
large data files with up-to­
the-minute mugshot

images, detailed crime reports, and other information
needed immediately. The officer does not have to do any­
thing other than drive to within the 300- to 500-foot serv­
ice radius of parking lot access points since the connec­
tion and data download is totally automatic and transpar­
ent.

This capability comes from Padcom's TotalRoam
Ellipse" software and XcelleNet's Afaria , which provide
high-speed access to large data files through a wireless
LAN (local area network) installed in parking lots. When
a patrol car fitted with the system enters the wireless LAN
service area, TotalRoam Ellipse automatically connects.
This wireless system replaces a previously used RF (radio
frequency) infrastructure which lacked high-speed trans­
fer capacity. Because of lack of bandwidth, sending a
large graphic file like a mugshot could tie up the network
for as long as an hour.

TotalRoam Ellipse uses an Internet Protocol (IP) stan­
dard for communication. By making use of the existing
proprietary network, TotalRoam Ellipse software allows
officers to transmit IP data over the Motorola RD-LAP net­
work. Upon entering any of the 802.11 coverage areas,
the wireless LAN capabilities of the TotalRoam Ellipse
software, including the Afaria application, are automati­
cally initiated, enabling officers to begin large file down­
loads through the wireless LAN. If officers must leave the
LAN service zone before a download is complete, the sys­
tem marks the point of interruption and then delivers
remaining data when the car returns to any of the LAN­
served parking lots.

Laptops for Motorcycle Cops

Laptop computers installed in police vehicles now
routinely give law-enforcement officers immediate access
to databases containing the latest information on wanted
criminals, outstanding warrants, stolen vehicles, missing
children, etc. Working with the San Diego County
Sheriff's Department, CDGE, Inc. (in Yorba Linda , CA)
has developed the same capability for motorcycle cops.
Exposed to the elements and a motorcycle's vibration,
this is a much more demanding environment. The system
consists of a ruggedized Panasonic Toughbook computer
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police department databas e in real-time, making the infor­
mati on on that person availa ble to other officers who
might encounter that driver later in the same day. Also in
the works is an electronic ticket writing system.

The hand held-sized Pentium III-based CF-07 with a 300
MHz proc essor, 64 Mbytes of RAM, and a five-Gbyte hard
drive uses a full version of the Windows 32-bit platform. This
provides a richer platform for developers to add new ap pli­
cations. The equipment has been ruggedized for use in the
motorcycle environment. This means being ab le to handle
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mated to a Panasonic Mobile Data Wireless Display
(MDWD). The MDWD features an 8A-inch SVGA touch
screen so data can be entered or retrieved without the use
of a keyboard.

In the near future , the system will include voice recog­
nition so deputies can give commands via the helm et
microphone. Deputy Sheriff Joe Dean, who is heading up
the project, says the screen works great, getting brighter in
sun without a control switch , but the viewing angle does
makes a difference.

The MDWD ca n be
used with several wireless-
ena bled Toughbooks.
These include the
Toughbook CF-34, which
was originally tested by the
SD Sheriff's Department
over a two-year period; the
police sta ndard CF-28; and
the latest unit, the
Toughbook CF-07 Mini PC,
which is about the size of a
brick, but weighs only two
pounds . The CF-07 is
more easily mounted on
the motorcycle. The larger
CD-34 was located in the
side bag on the Harley­
Davidson and Kawasaki
motorcycles, and in the
radio case on the BMW
police bike.

When officers stop a
vehicle , they can take the
1.S-pound MDWD - which
is mounted on the motor-
cycle's handlebars in front
of the officer - to the dri­
ver's window while leaving
the PC on the motorcycl e.
This means the officer
does not have to walk back
to his motorcycle to access
a computer database dur­
ing traffic stops. The
MDWD communicates
with the Toughbook com­
puter via a broadband
wireless system for dis­
tances of up to 300 feet .

The computer com­
municates with the depart­
ment's main computer sys­
tem using a wide-area wire­
less network (WAN).
Besides being able to
check driver status and
other information, the sys­
tem means the officer's
report is entered into the
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police cars in Houston, TX. Minutes can make the differ­
ence between life and death after a crash.

For example, 30 percent of deaths occur within min­
utes of the crash and 70 percent occur within two hours.
All too often, the victims are not able to call for help. If the
accident occurs in an isolated location, precious minutes
are lost until someone comes upon the accident and calls
for help . Automatic Crash Notification not only immedi­
ately notifies about an accident, but also reports on the
severity of the accident so the appropriate life-saving staff
and equipment can be dispatched, prepared to adminis­
ter the proper medical assistance.

Ford 's ACN uses a tri-axial accelerometer to measure
acceleration and deceleration forces in all three planes to
determine the force of a crash. Extreme changes in g­
forces during a crash activate the system. Seat occupant
sensors - contained in a woven ma t placed under each
seat - determine which seats are occupied by measuring
changes in the electric field when someone is in the seat.
Seat-belt usage is determined by buckle switch sensors in
each belt .

Deceleration force magnitude and direction, air-bag
deployment, number of occupants, and seat-belt usage
are important factors in determining the severity of the
accident and possible injuries. An on-board microproces­
sor compiles data to compute an accurate "picture" of
the crash to help prepare trauma workers so they can
more quickly diagnose and treat the injuries they are like­
ly to see when they reach the crash scene.

Automatic Crash Notification

Law-enforcement vehicles are involved in a higher
percentage of crashes than other vehicles. Therefore,
Ford is currently testing its new Automatic Crash
Notification (ACN) technology in 500 Crown Victoria

extreme weather conditions, as well as dropping the vibra­
tion of a motorcycle, and even liquid spills.



Since accurate location information is critical when
the crashed veh icle comes to rest in an a rea that is hidden
from view, a GPS receiver and sensors determine both the
vehicle's location and direction of travel at the time of
the crash.

The dispatcher can query the occupants on thei r con­
dition via a voice link. If the occupants are unable to
respond, the operator still has cr itical data ava ilable to pro­
vide to the EMS responder, thereby establishing a quicker
link to medical services. An independent power supply

assures that all components still function should the vehi­
cle 's battery be damaged.

In this two-year long pilot project, emergency calls and
sensor data are automatically transmitted by a wireless
link to a call center operated by Cross Country Automotive
Services. In turn, the information is automatically transmit­
ted to the Greater Harris County's 9-1-1 Emergency
Network . The car's occupants - in this case, the police
officers - do not need to take any action for the link to
be created. NY
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Diagram of a fuel cell. Fuel cells combine hydrogen and oxygen
electrochemically to generate electricity.The only by-products are
water and useful heat. Courtesy ofthe us Dept ofEnergy.

by George Furukawa

Stacked fuel cells.
Courtesy ofUTe Fuel Cells.

testing a variety of
e Iectri city-genera t­
ing solar devices
and systems, con­
ducted major stud­
ies on ocean ther­
mal energy conver­
sion , developed the
technology to use
biomass for energy,
charcoal, and high-
value chemicals, and tested biomass-derived fuels as a
replacement for conventional transportation fuels.

The Hawaii Fuel Cell Test Facility is a cooperative pro­
gram of HNEI, UTC Fuel Cells, the United States Dept. of
Defense's Office of Naval Research (ONR), and the
Hawaiian Electric Company (HECO). Primary funding is
provided by the Hawaii Energy and Env ironmental
Technology (HEET) Initiative, a multi-million dollar pro­
gram funded through ONR.

The facility is located in downtown Honolulu, and is
currently under construction. It will house eight test sta­
tions to evaluate and characterize full-size , single-cell fuel
cells. HNEI wants to develop improved membrane elec­
trode assemblies, with emphasis on low-eost, efficient,

impurity-tolerant, non-noble catalysts.
HNEI also wants to develop optimal operating

protocols for commercial and military applications
~ using an integrated program of testing and model-

from air ing. Further research may include stack testing,
other technologies such as solid oxide fuel cells,
and testing of complete fuel cell systems.

HNEI and its partners will characterize the per­
formance and reliability of fuel cells using test
stands designed by UTC Fuel Cells - the company
is supplying full-size fuel cells for testing. Stuart
Energy is providing an electrolyzer to supply hydro­
gen gas on-site and on-demand. The first stand has
been delivered , and two more stands were project-
ed to arrive by the end of 2002. The facility is
expected to be operational within the next few
months.

So, what are fuel cells, and how do they work?
MARCH 2003
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Fuel cells offer an alternative
technology for hobbyists.

Fuel Cell Facility
Model for
Hobbyists

P
erhaps in 30 years, we'll live in a world where fuel-cell­
powered vehicles have replaced gas and diesel
engine vehicles (fuel-cell-powered buses are already a

reality in some cities in the United States). It may not be
farfetched to also imagine living in a world where fuel cells
power laptop computers and cellular phones.

What about a world where fuel cell generator systems
power homes - or large fuel cells have replaced conven­
tional combustion power plants? Have these predictions
been snatched from the visionary works of Jules Verne
and H.G. Wells? Are fuel cells science fiction or science
fact?

According to experts in the field, fuel cell technology
is science fact. The Hawaii Natural Energy Institute (HNEI)
at the University of Hawaii (Manoa) campus was created in
1974 by the Hawaii Legislature in response to the first oil
crisis in the world. HNEI is seeking new forms of energy to
replace America's dependence on fossil fuels , and its man­
date is to undertake and coordinate research and develop­
ment of Hawaii's renewable energy resources.

Among other achievements, HNEI has spearheaded
the discovery and use of geothermal power in Hawaii, coor­
dinated the first comprehensive wind surveys of Hawaiian
archipelago that furnished the data needed for installing
wind turbines, conducted surveys of solar insulation and
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designed to test what might be called full-size, single­
cell fuel cells ," Roche leau said . "We are looki ng at
fuel cells th at are going to be relatively large, in the
order of several hundred square centimeters. A sin­
gle fuel cell - one mem brane with the component
parts on eith er side - is a lot like a low-voltage bat­
tery. It produces a cu rrent, which is proportional to
the area. It's relatively low voltage, because it's dom­
inated by electrochemical cha racteristics of the fuels
and th e system."

Rocheleau explain ed that a fuel cell stack ­
which is what HNEI refers to as its fuel cell system ­
is a num ber of fuel cells stacked up , to achieve high

voltage and current. HNEI will test co mmercia l-size fuel
cells . Th e fuel ce lls will take up a large area , but onl y be sin­
gle cell. It allows HNEI to begin to address not only the sci­
entific issues , but also the eng inee ring issues associated
with the technology, such as wate r management, heat trans-

Late st generat ion pocket sized

programmeruses ASIC universal
pin driver technology. 1900+device

library, with lifetimefreeupdates.
Programs 8/16-bit EPROM'S,
EEPROM" O-Power RAM, FLASH,
Serial EEPROM's,GAL,PALCE,

-.>4 a'4 ,_ i

Introducing a pocket pr0.9 rammer
with true Universal Out~ut
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One of
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200 -kilowatt
power stacking.
The graphic
on the front
of the power
plant shows
how it works.

Fuel cells produce electricity through the electrochemical
reaction of hydrogen and oxygen. They enjoy higher effi ­
ciencies than internal combustion engines, produce little or
no emissions , offer fuel flexibility, and generate little no ise.
Hyd rogen fuel cells hold promise as a source of energy for
electricity generation, transportation, and other applica­
tions.

Fuel cells also hold potential for military applications,
including self-sufficient undersea energy systems, mobile
warfare, and power for fleet vehicles and weapons systems.
HNEI is examining several types of fuel cells in its program
- solid oxide fuel cells , proton exchange membrane fuel
cells , enzyme fuel cells , biocarbon fuel cells , and methane
hydrate benthic fuel cells .

"The Hawaii Fuel Cell Test Facility addresses fuel cell
technology and fueling issues, including evaluation of a
potential fuel source called C-4 methane hydrate," Dr.
Richard Rocheleau, director of HNEI, said. "The Hawaii Fuel
Cell Test Facility is the signature project of the fuel cell
effort. We also have research activities in progress, but the
fuel cell facility is the high vis ibility component of our effort.
This facility is being designed to test individual fuel cell sys­
tems. It 's not a demonstration project. It's a focus on the sci­
entific performance aspects of fuel
cells. The facility focuses on perform­
ance characteristics , fueling require­
ments, operating characteristics, dura­
bility issues , and so forth. "

According to Rocheleau, fuel cell
systems are potentially more efficient
than internal combustion engines. The
systems emit low em ission, and pro­
duce essentially no noise, relative to
other power generation systems. Fuel
cells offer cleaner, more efficient use
of fuel. Fuel cells are compatible with
technology such as renewable hydro­
gen, which could advance wider
acceptance of renewable technologies.
It could also provide a means of tak ing
renewable energy and applying it to
the transportation sector. That particu­
lar application, Rocheleau noted, is still
costly, in terms of where it needs to be.

"We are somewhat in our infancy
in getting this going, but essentiall y the
systems that we are putting in are
MARCH 2003
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comes down to performance and cost. It has to beat the
competition. From a safety point of view, hydrogen has a
reputation and you have to handle it carefully, it's probably
no more dangerous than other fuels handled in the United
States on a rout ine basis. The inherent risk is no worse
than using gasoline or natural gas."

Where does Rocheleau see fuel cell technology in the
next five to 10 years? "I think we will see fuel cells getting
out in the military," Rocheleau said. "In the commercial
sector, we will see it in stationary power applications, as
well as in areas where it is difficult to install power plants,
areas with good fueling options, and areas without good
conventional fueling options. In the transportation sector,
we'll see demonstrations and vehicles, but it will take five to
10 years to get costs down to where the technology is effec­
tive in vehicles."

Rocheleau noted that people have talked about being
competitive in a stationary market at about $1 ,000.00 to
$1,500.00 a kilowatt, based on the peak capacity of a fuel
cell. To put it in a car, and compete with today's engine, the
cost has to be less than $100.00. Rocheleau sees long ,
steady growth with fuel cell technology, with acceptance
not occurring overnight.

"We're trying to work with the people in Hawaii and the
project is in the early stages at this point" John Petrik of
the Office of Naval Research (ONR) said. "We're trying to
work with them along the way if there's specific things that
they might consider on how to test for fuel cells and if they
are Navy-type applications such as shipboard applications
- within a marine-type env ironment with salt and issues
such as that. What the Navy is interested in specifically is
if fuel cell technology can be used aboard ship for greater
fuel efficiency. Also, for the possibility that the technology
may provide for lower emissions."

One of the possible payoffs for the technology, Petrik
noted, relates to when a ship is docked or what they call
"the hotel load" situation - when a ship has to run electric­
ity while in port. When a ship does that, then it's using gas
turbines in a fairly inefficient mode. Also, emissions may
be high, so if a ship can use a fuel cell in that particular
application, then it achieves higher efficiency, as well as
cleaner emission. From the standpoint of ONR, one of the
issues it is dealing with is how to operate a fuel cell in a

You will find information about how fuel cell techno logy
can be applied to hobby projects at the following web
addresses:

You wi ll find informat ion about fuel cell technology at
the following web addresses:

This is a
diagram of
how a fuel
cell works.
Each cell is
stacked in a
series.

Courtesy of
UTC Fuel Cells.

fer, the fuel feeding system, and so forth. HNEI would be
unable to address such issues in a university laboratory.

HNEI is addressing challenges from both a scientific
and engineering perspective. With the technology that
Rocheleau and his team are looking at , the voltage is fixed
by the materials being used, typically less than one volt.
The current is a function of the area, so there are a num­
ber of types of technologies people are looking at for per­
sonal projects, or portable systems - whether it's for a cel­
lular phone or a computer. There are two issues that made
this technology a reality, according to Rocheleau. One is
getting fuel cells cheaper. The other is addressing the fuel
issue, particularly in Hawaii where there isn't natural gas.

"Our strategy is to work with industrial partnerships
and government partnerships, and to identify critical , tech­
nical hurdles, and conduct work necessary to solve the hur­
dles ," Rocheleau said. "We're not trying to invent fuel cells
from the ground up. We're trying to work with people we
know are far along already. What we hope people will
come away with is a realistic perspective of what fuel cells
can and can't do. I think there are opportunities for the use
of this technology in a lot of areas, but I think there's also
a lot of hype in terms of what fuel cells will do in the short
term."

One of HNEl's objectives is to get the technology into
the marketplace. However, Rocheleau also wants to pro­
vide people with a realistic perspective of where the tech­
nology is today. HNEI expects in future phases, possibly
next calendar yea r, to move into stacks of fuel cell systems.
The initial work is on 10 single-cell fuel cells. HNEI also
expects to move into solid oxide testing and development.
Rocheleau noted that many people have contributed to the
technology, including UTC Fuel Cells - one of the leaders
in fuel cell technology. UTC provided fuel cells for NASA.
The company has a commercial product on the market,
which is a phosphoric acid fuel cell.

"There are many applications for this technology,
including stationary power, transportation, powering of
instrumentation, portable systems, and the military is look­
ing at it to replace batteries," Rocheleau said . "Fuel cell
technology can be applied to anything that uses an engine
or battery. It's a multi-billion dollar market, potentially. It
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Add $7.00 COD
Add $6.00 Shipping

Visa /MC /AmexiDisc

C ircle # 113 on the Re ad e r Se rv ic e C a rd .

IFYOU NEED NEWBA TTERIES FOR YOUR ELECTRONIC EQUIPMENT
DON7 PITCHEM'- SEND THEM FOR REBUILDING t , SAVE SS

BA TTER Y REBUILD SERVICE

WWW.IN-KS.COM

Intronics, Inc.
Box 12723 /612 Newton St.
Tel. (9131422-2094
Fax (9131441·1623

Same Name, Address & Phone # for 20 years.•.•
Isn't it Amazln9 ?

The portable programmer that uses the printer port
instead of a internal card. Now with easy to use
Windows software that programs E(E)prom, Flash &
Dallas Ram. 25/27/28 & 29 series from 16K to 8
Megabitwith a 32 pin socket. Adapters available for
MCU's 874X, 875X, Pic, Atmei, 40-Pin X16, Serial
Eprom's, PLCC, Bi-Prom's, Eprom Emulator to 32K X 8

and More.. .. Only $149.95

MOT OROLA
MX300HTiOO MT1000 STX
NTH 4646 482" U 14 S 37.50
NTH 6447 " 21 6646 S 37.50
NLH ",O NTH4327 S 3950

RADIO SHACK
HTX202IC04 $ 22.50
NEW NiMh HTX pac k
8.4Y 1560mAh $ 39.60

I<EN WOOD
PB216133134 $ 28.60
P8 71M/1 311U18 $ 34.60
KN8&f7I12J14116S 3-4.60
PB1ll1261W32 1 24.60

CORDLESS DRtllS
5m' MORE CAPACITY.

Any br and 7.%V $ 21.60
Y A ES U Any bra nd ' .6V S 29.60

M I D LAN D FNB 3 4 121 41 6 $3 2.95 Any bfand 12.0VS 36.60
70.s1 0 au Bt' 8 21 $ 39.96 FNB1921 2i 27 38 S 32.9S Any brand 1" .4V $ 39.60
8 26821 Bn 8U 8 ' 0 S3U6 FNB 10 1117 26 36 S 23.15 Any brand 18.0V S 44.60

See our ~b f»ges about rebuikf ing ~ttery pad s used for LInd Surveying.

GENERAL ELECTRIC U HI D E N
.. PD PLS MPA 4850P S 3oUO APX650 1DSO1105 S 32.50
MPO PLS MPA 4860P S 39.50 1010 10701100 $ 32.60
MPR UPS MPX 7&31177 $ 3H~O t 120 1200 Series S 32.50
MONOGRAM4506 P113 S 37.50 BP2500 6SOmAh S 19.50

BP205 1600mAh S 22.50
MAXON SA·11551160 $ 39.95 I C O M

BP2 1BP3 fBP22 $ 19.60
BP6 1BP23 / 2C $ 27.50
BP7 1CM71BP8 $ 34.60
BP167/17....180 $ 34.60
CM14011C1I1&& $ C1.60

• Wf /NSTAUNfWNI-CAD ORNJ.IIHBATrERIES INTOYOfJR CASE. rn
• WE IWPROVEPERFORMANCE.TO SETTERTHANORKiINAt.
• WEFIXWHA TCAN7 BEFOUND. ( OR AFFORDED)
• WEPROVIDEQUICK SERVICE.I EXTENDLIFEOF OLDER EQUIPMENT
I WEOFFERFREEQUOTES. I FREERETURNIF QUOTEISREFUSED.
• WEPROPERLY DISPOSE OFYOUR OLDCELL SBYRECYCLING.
• WEGNE YOUA 11tlONTH WARRANTY.
• WEWtL BEHERE WHEN YOU NEED us I EST. 'N'
• Wf $AVE" 10U - -1I 0N E Y ·- SSS'
WE SERVPCE RECHARGEABLESA rTERY ASSEMBUE$ FORAU TYPES OFELEC11fONtCS

RADIOS, SCANNERS, CORDLESS 'OOtS , BAR CODEREADERS, GPS, SCIENTIFIC, SURVEILlA NCE

CUNARD ASSOCIATES INC., 9343 US RT220, Bedford, PA15522

fuel cell technology, it's based on hydrogen," Petrik said. "So
even though a lot of people say that hydrogen is safe, the
biggest issue is that you simply don't have the infrastructure
set up for safe handling of hydrogen. Some people argue
that it's safer than gasoline. From a cost standpoint, I th ink
it's even a bit expensive, but not outrageous that these
things show up as portable power sources for homes.
You'll see this technology showing up in electronics,
because there's a lot of work developing these as battery
replacements." NV

• 12-bitanaloginputs (8)
• 1O-bit analogoutputs (2)
• 20 digital 1/0
• 32-bit counter

$119 qty 1
($95 qty 10+)

USB Data Acquisition
& Control

LabJack
U12

Available nowfor only ...

REFILL INKS FOR
INKJET PRINTERS

C ircl e # I I I o n t he Re ad e r Se r vice C ard .

Gorilla Banana, Commodore, Texas Instruments,
Centronics, Riteman, Apple, Printronix, Star

Over 300 different ribbons in stock.
All ribbons new, not re-inked.

Check our web page or write for complete price list.

A\. Made in Colorado, USA, by LabJack Corp.
~ info@labjac k.com, (303) 942-0228

• Built-in screw terminals
• Easy-to-use USB
• Everything included
• Usewith C, VB, LabVIEW, etc.
• Windows 98SE/ME/2000/XP

HARD-TO-GET ~
PRINTER RIBBONS~~

•__""1....-=-Ji l Refill your old cartridge and
save . All refill kits come
with instru ctions and need­
ed materials for refilling
inkjet cartridges. Available

fo r Canon, Epson , Hewle tt Packard, Apple,
Compaq, and Lexma rk printers.

marine environment. There are special issues such as a salt
environment, the aspect of ship motion, and since it's a
wartime capability, such thing s as how it may affect the sig­
natures, since fuel cells have a lower temperature emission
than a gas turbine.

So how can a hobbyist apply the technology to a proj­
ect? "On the web, there are a lot of sites where a hobbyist
can buy fuel cells ," Petrik said. "For the hobbyist, you can
hook up a solar cell into water, electrolyte the water, make
the hydrogen, and you can feed that back into the fuel cell.
Some companies - such
as H-Power - sell small
portable complete units
that can be used as
demonstration units.
These portable units for
example, can be demon­
strated in a classroom."

One of those things
that ONR does is to look
at the science of fuel
cells, according to Petrik.
They are becoming com­
mercially available as
large units. Mid-size units
are being used to power
individual homes. ONR
invests in research
because there's much
improvement in the tech­
nology that can be made.
It's at the stage similar to
where the Model T was at
a point in time. The tech­
nology is actually old
technology, because it
was formulated in the
mid-1800s.

One of the contribu­
tors to cost of the fuel
cells, Petrik pointed out,
is that platinum is
required to catalyze the
process, and platinum is
costly. So researchers are
developing electrodes
that use much less plat­
inum to achieve the same
performance characteris­
tics. Even the cost of
membranes is high. More
cost-effective manufac­
turing capabilities are
being looked at.
Currently, fuel cells are
not made on a continu­
ous line. There's much
hand tooling and person­
nel involved.

"When you look at
MARCH 2003



CLASSIFIED ADVERTISING
$50 Pe r Inch - No extra charge for color. (Limited time offer)

Classified ads must be pa id in full prior to the closi ng date.
Visa/ MOAmex accepted. Payment for ad s received after t he closing
date w ill be placed in the following issue at our d iscretion. Minimum
charge is one inch w it h ha lf-inch incre me nts. No proofs w ill be se nt.

Ads to be typeset by Nuts & Volts must be rece ive d by the
closing date. Supplied ads must be received by the artwork due date.

Call the office at 909-37 1-8497 o r e mail c1assa ds@nutsvolts.com
for closing dates. avai lable sizes. an d special prepay discount offers.

Classified ads work! Call today!
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SXWIZ BASIC COMPILER
for the Ubicom SX28

microprocessor
Extreme speed from a basic
program. using a $4 micro .

Up to 75 million instructions/sec.
http://www.sxwiz.com

COMPUTER
SOFTWARE

VGA TO COMPOSITE
(NTSC) VIDEO

CONVERT ER - ULT-2000
Handheld.Powered from keyboard

with S-video and RGBoutputs.too.
3:I zoom control with many extras.

$99 EA
Mateo . lnc., Schaumburg , IL

1-800-719-9 605
sales@matco.com or order
on-line at www.matco.c om

COMPUTER
HARDWARE

WANTED MICROSOFT:
W INDOWS. OFFICE.

SERVER SOFTWARE.

C OMPLETE SEALED PACKAGES. OR

MANUALS. OR CDs ONLY.

914· 738·6830

DEC EQUIPMENT
WANTED!!!

D igital Equipment Corp.
and compatibles.
Buy - Sell - Trade

C ALL KEYWAYS 937-847-2300
or email bu yer@keyways.co m

COMPUTER
HARDWARE WANTED

FOR HISTORICAL MUSEUM
pre-1 980 microcomputers.

magazines. and sales literature.
Floyd,VA 24091-0341.

540-763-33 11 · 540-745-232 2

WANTED:

COMPONENTS

Join our on-line­
bulfe-tin boetra

~. tUAtsvolts. CO""

FREE I 20 Pg CATA LOG

www.speechchips.com

Elect ro nic components. kits,
test equ ipmen t. tools. and

supp lies for hams . hobby ists ,
and bus inesses . Many hard-to­

find items like var iable
capacitors. vernier dials, co il

form s, magnet wire . and toroids.
O cean State Electro nics

www.oselectronics.com

SP0256-AL2 IC Speech Synth
CTS2S6-AL2 IC and PCBs

available online.Add speech to
your hardware projects.

See our website at

COMPUTER
EQUIPMENT WANTED

RF TRANSISTORS.
TUBES. SILVER MICA &

METAL MICA CAPS.
DOOR KNOB CAPS

2SC2879 2SC2290 501446
MRF4S4 2SCI969 2SC2166
2SB7S4 TA7222AP 78LOS
78L08 TA7222AP MRF247
MRF3 17 SAV7, etc. 3-S00ZG
4CX2S0B 4CXIOOOA 4CX1500B
3CX3000 A7S72B 811A,

SEE OUR CATALOG
FOR OTHER PRODUCTS

Westgate 1-800-21 3-4 563.

405-601-1238

- CONVERTERS ­

8S90, 8600. DPV7, DPBB.
C FT20 14. $1S each .

NEED TO READ?
Check out the latest titles

available at the
Nuts &Volts Bookstore

on Pages 76-77!

CIIC a. ROBOTIC
CORPOIIEIITS

For build-it-yourselfCNC projects,
PC boards. kits, machined parts,
motors, lead screws, hardware,

surplus electronics, routers,
and Dremels.

www.digitaldesignproducts.com

Raw. no RlM.AII units are power­
up, excellent shape . minimum 10
lot. no descra mblers. Convert er
parts . accessories. data crysta ls.

call for oth ers not listed.

ABC WHOLESALERS, INC.
Importer & distributors of the
Multitech 4500 & 5000 series

125 channel new basic converter.
O ur monthly unmodified specials

in lots of 10 with new remote
- ScientificAtlanta 8600 $25 ea.
- SA 8580 $19.95 ea.•
- Jerrold BB 73 12 $25 ea..
- Jerr old DPV 7212 $19.95 ea.•
- Jerr old CFT 2014 & 2254.
- Pioneer 63 10 $25 ea.

Large quantiti es please call for
wholesale dealers price .We have
all models replacem ent remotes.

Se hab/a espano/.
1-800-510-1924.

412-833-0773

Just now availab le! Latest 2003
model technology. no leakage.

Wholesale pr ices .
Call for info o r flyer.

POWERING YOUR
PORTABLE WORLD

All batteries for
all types of equipment.

Tel: 603·548·0125
Web: www.critic alb atte ry.com

REPLACEMENT
BATTERIES

for b a t te ry b a c k ups

AVIATION
ELECTRONICS

BATTERIES

CABLE

FOR HISTORICAL MUSEUM
pre- I980 microcomputers.

magazines. and sales literature.
Floyd,VA 2409 1-0341.

54 0-7 63-3311 • 540-745 -23 22

WANTED:

KI N GSLEY HOTSTAMP
foil machines for imprinting leather,

etc ., and electrical wire marking.
Manual or automatic machines

and eype available.

Call 760-749-0239
bjnash@n2.net

800·2 55 ·5 545
www.powerqu alityi n c . c om

ANTIQUE
ELECTRONICS

~

!:i ,-- -.
~ D IG ITAL CABLETV FILTER

loIS.~
! ...I:)
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CONNECTORS WIRE/CABLE DESIGN/ENGINEERING SERVICES

~ The RF Connection
: R ~ 213 N. Frederick Ave., Ste. II NY
. F ~ Gaithersburg, MD USA 20877

e http://www.therfc.com/

Complete Selection of MIL.Spec Coox,
RF Conneaors ond Reloys

UG·21B/UN Malefor RG-213n14 .$5.00
UG-21D/U N Male for RG·2 13n14 .$3.25
N Connectors for 9913/Flexi4XU9096
UG-21 819913 .....$6.00 1 PinsOnly......$1.50
UG·210/9913 ..$4.00 1ExtraGasket$0.75
Amphenol 83·1SP·I050 PL-259 $0.90
UG·176/U Reducer RG-59/8X,$0.25

or 51$1.00
UG·175/U Reducer RG·58/58A,$0,25

or 51$1.00
SilverTeflon PL-259/Gold Pin. $1.00

or 101$9.00

MIL·Spec Coax Available (Teflon, PVC IIA)
New Product:Belden 99 I3F, 9913 with

High DensityPEFoam dielectric,
stranded center cond.and Ouobond
III Jacket$0.80/ft or $76.00/100ft

Also New:9092, RG8XwithType II Jacket.
Intra Price $23.00/100ft
Call for Specials of the Month

Full Line of Audio Connectors for lcorn,
Kenwood, andYaesu
8 Pin Mike Female $2.50
8 Pin Mike Male Panel $2.50
13 Pin DIN for Kenwood $2.75
8 Pin DIN for leom $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

ANAHEIM WIRE PRODUCTS

Manufacturer and distributo r of
e lectrical and electronic wire

and cable since 1973.
ITEMS AVAILABLE FROM O UR STOCK:

Hook up wire , Shrink tu bing,
Cable ties , Connectors.

W ire cut & st r ip to specs.
If interested, please call

1-800-626-7 540
FAX: 714-563-830 9
See us on the Int ern et

www.anaheimwire.co m o r
email: info@anaheimwire .com

Visa/MetAmex.

HAM GEAR

2.4GHz POWER amplifier with
power supply. 10·40 mW input,

I (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.
$189 /each. Compatible with all

ATV product lines.
See our website for mare info
on accessor ies and trans mitte r

and receiver modules.
EzATY.Visit our web-site for dealers
or order on-line at wwwAatv.com

DESIG•• CO.SULI'I.G
Circuit design. PCB design. Firmware
C & assem bly. Design tools include

Pcad, Protei,Autocad, & Solidwor ks.
Reasonable rates.

20+ years expe rience .

P Ee Consulting 818-347-4719

MISCELLANEOUS
ELECTRONICS

FOR SALE

Speakers. parts, manufacturing
equipment. Million dollar

invento ry. ISE (our 25th year) we
buy-sell-liquidate .

CALL 95C5-UO-5S55

WWW.ISESURPLUS.COM

Subscribe today!
wWW". ftutsVolts. CO~

Rare Earth Magnets

Super powerful.AII shapes
a n d sizes. G reat prices!

Order 150 pes a nd qualify
fo r wholesale prices.

www.blkfeather.com

Wanted: Balancing machines &
vibration analyzing equipment
manufactured by the fcllowing;
·Spectral Dynamics ·Hofmann

·Bentley Nevada ·Schenck ·IRD
Mechanalysis ·Gishott

Contact Mike Park at E.T.
Balancing, 12823 Athens Way,

Los Angeles. CA 90061
310-538·9738

FAX: 310-538-8273

• Converters
• Repeaters
• Fiber Optics
• Digital I/O
• Multidrop RS232
• Custom Units
•AutoTXEnable

Extensive Interface ProductLine
RS232 "Extension Cords"

Up to 115.2 Kbps, 4000 ft. ++
Large MUltidrop Networks.
IsolatedUnits.Smart Units

Remote Relay "Extension Cords"

RES -= R.E.
- - Smith

www.rs485.com

Call the RS485 Wizards at
(513) 87 4-479 6

White
LED

Keychai n
Flashl ights!

$1.00 ea.

Super
Blowout

Deal!

Regular White LED

Flashlights Too!

Other colors available.

www.blkfeather.com

SURPLUS & REFURBISHED

ELECTRONIC EQUIPMENT

O ver 3.600 it e m s in sto ck.

SMC ELECTRONICS

www.smeeleetronies.eom

SUPER HIGH GAIN 14 dbi
flat antenna with N or SMA

connector tuned for 2.3-2.5 GHz.
Use with 2.4GHzATV a channel
transmitter or receiver. $179/ e a
- SPEC IA L PRIC E! EzATV.
Visit our w eb-si t e fo r dealers

o r o rder o n-lin e at
www.4atv.com.

WANTED: ROCKWELL
Collins HF·aO. KWM2A. and

S-Line equipment.
Also Collins literature.

Jim Stitz inger
66 1-259 -20 II · Fax 661-259-3830

js titz@pacbell.net
ISA DIGITAUANALO G BOARD

Great for experimenters, des igners
& st udents. 27 digital 110 lines.

Eight a-b it AD inputs, one w/mike
preamp.Two a·b it DA outputs , one
w/aud io power amp. Buffered data ,

address & control lines, plus
3 spare selects for expansio n.
Bare board only $20. kits &

assembled available.
More info, free tutorial & sou rce

code at www.learn-c.com.

EDUCATION

MARCH 2003
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Connect your cameras directly
to power source with screw

terminals or plug in using a 2.1
mm connecto r.

Specia l price : $59 (DC
ve rs io n) and $49 (AC version)

Can use pre-molded 50 foot
video/power cable A-402-CA $1S.
Mateo, lnc., Schaumburg, IL

1-800-719-9605,
saleS@matco.com or

visit/order on-line at
www.matco.com

4 PORT video capture card
with remote internet access,

DVRC-4; $339. Remotely view
any 4 NTSC video cameras over

your internet connect ion.
Soph isticate d motion sensing
option allows camera to be
activated by motion or time.

500 MHz or higher; 98/2000/XP,
NT compatible. Installation time

under 10 minutes.
16 channel unit is also available,

bundled with Pc.
Mateo, lnc ., Schaumburg, IL

1-800-7 19-9605,
saleS@matco.com or

visit/order on-line at
www.matco.com

INFRARED CAMERA

MARCH 2003

CAMERA DISTRIBUTION
Box , XF- 250-DCIXF-250-AC .

Low-Cost Video Cameras

WR-700 type .
high impact

te mpered glass
with stand.

Black & white
(430 lines),or
color (420+

lines) available. Standard 3.6mm
lenses with optional lenses of 6,

8, and 12 mm at $20 ext ra.

BfW ... • • •.. . • . $1 19leach.
Color $1 79/each.
Small compact size with sun shield.

Mateo, Inc., Schaumburg, IL
1-800-719-9605,

sales@matco.com or
visit/order on-line at

www.matco.com

WEATHER RESISTANT
OUTDOOR CAMERAS

• Home'
• Hobby'

• Robotics'
• Nanny Monitoring'

www.helltek.com

·W /cases. BX-120-LC
(350 lines color ) $89

' BX-12s-LC (380 lines color) $99
'Sub-miniature BX-123-AU

(420 lines BIW with audio) $69
Mateo, Inc ., Sch a umburg , IL

1·800-71 9· 9605
saleS@matco.com or

visit/o rder on-line at
www.matco.com

LIVE DEMO :<l.T
ECA MIT.COM

( 6 02) 325-9 215
C C T VOE POT. C O M

C ORT E R A Le:: , G L.E N D A L.E , A Z

9 VOLT IR sensitive BIW high
res 430 TVL camera with optional
black low-profile swivel adjustable

enclosure. Pin hole or Std. lens
type. 6. 8, and 12mm lens are

available. 1/3" CCD. 3.6mm/F2.0
lens included; works from 7.5-13

VOC, highest voltage range
in market. 0.08 lux.

1.27" x 1.27" x 0.5"0 pinhole
or I" deep standard.

$49 each. Enclosure: $8;
optional len s: $18.

DEALERS W ELC O ME.
Mateo, lnc., Schaumburg, IL

1-800· 719-9605,
saleS@matco. com or

visit/order on-line at
www.matco.com

tran smitter/receiver kit.ASK-

2008-TR, 8 frequencies uP

controlled 2.300 to 2.48 1 MHz.

video NTSC/PAL with 2 channels

of audio for development testing.
12VOCII 00 mA for both

transmitte r and rece iver. Includes

2 rubber duck antennas. $1 25.

Mateo, Inc. , Schaumburg, IL
1·800-7 19-9605

saleS@matco.com or
visit/order on-line at

www.matco.com

WeL.co..Me-­
p °P"'1"011;c.6
subsc.ribers

FIELD STRENGTH
BUG DETECTOR

A Handheld Count.r·lur_m.nc.......,

HIGHLY SENSITIVE
DetKts 2.4 GHz bugs at 40+ feeL

..Quick,effectivesweeps ofoffices, homes. restrooms.
• Logarithmicmode · 10hornt-inonthetransmitter.
., Switched SilentVibrator· discreel5urveillance detection.

~ Fixed lntemalAntennas · No~ requind.

IDEAL FOR WIRE LESS INSTALLATIONS

$89 : ~=:~a~:il::l~=~:t~;~=mo<h) .

~~: ~~~~:~::~w~~~~ ~Il:O~·inMmm.,.
saIn lax .. Computar wi,..... & networtI in.lIJlation. \S02.11bl

.. ..... _ tNI..HneRF lev". ~fore In s ta lla1kH\.
Featur,,:
10MHz to~.5 GHz Range:usesnewest RECEIVER-METER
technology: sensitivity controller; analog meierandLED
displays; viewable froma distance andatnighttime; small;
handheld: SoLwith2M batteries.

Broadband ce, Inc.. www.lA.PCHECKER.com (650)361-9627
93Arel! StrMt ABCom@prodigy.net (883)361-9627

edwood C' •CA94062 Fax: 65036H188

Time lapse, with remote, can be
activated by either contact
closure or continuous duty

ope ration with standard T- 120
tape. ES-8960 at $289.

Mateo, lnc ., Schaumburg,lL
1-800· 71 9-960S

sales@matco.com or visit/order
on-line at www.matco.com.

40 DAYS and 40 NIGHTS
RECORDER

::;; I --- -- -- - I
:'; - ..

SECURITY

~

Model Rocket
Radio Location
Trans mitte r &

Rece iver Kits/Plans
www. jbgizmo.com

SATELLITE

PLANS-KITS
SCHEMATICS

JAMMERS:
Plans for cellu lar, AM and FM
radio, GPS, wireless LAN and

more. Other interesting
electronic plans.

www.kenneke.com
kenneke@kenneke.com

~
~Skyvision'

.. FREESATELLITE
~ ~ TV Buyer's Guide.

BIG Dishes-BIG
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issues of
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issues .

TELEPHONE

905-820-8020

12-HR TELE-RECORDER
• Fully automatic
• Amazing sound
• 2-Year warranty

Only $69
CaliVakis at:

The cost is $5.00 each plus
postage for US delivery.

To order online at www.nuts
vol ts.corn, go to the contents
page for the issues you need and
click the "O rder Back Issue"
button to add an issue to your
shopp ing cart .

To order by mail,specify which
issues you need, the quantity,
your complete mailing address ,
and send full payment to our
office at 430 Prince/and Court,
Corona, CA 92879.Also include
your phone number or email
address so we can contact you, if
necessary. For orders sent
outs ide the US, a charge for the
additional postage to your
particular dest ination will be
added to your order.

Logic Analyzer
, Signal Generator
Frequency Counter

Source Code/API
USB Device Builder
Expert Design Help

Connect, Control and Debug
your embedded project
from your PC over USB

(909) 693-3065

DC MOTO R CO NTRO LLERS:
12V-48V, SOA & 100A versions,

PW M controlle rs in either
unidirectional or H-bridge

designs. Microcontroller based
inputs accept pot. RIC servo. or

computer signals for 0- 100%
speed control of DC motors.

Kwan Motorsystems
408-929-2777.
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Ph 7 16-763 -9104;

www.amtronix.com
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SONAR COPROC ESSOR
Add SONAR to your project

with this easy to use eight
channel microcontroller.

Sen so r'Tra k" connects to
your serial port and supports up
to eight high-performance range
finders. namely the Devantech

SRF04 ultrasonic and Sharp
GP2D02 infrared sensors.
Available as a board or as

a complete kit with
eight SRF04 transducers.

Visit us at www.wehali.com
or e mail davee@w e ha li.com
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ROBOTICS

Build your robots
for lessl

Affordable starter kits. tank­
style robots. precision-cut pre­
drilled "do-it-yourself" bases,

arms and grippers. pre-cut
plastic and metal for robot

frames , quality servos,
encoders, wheels. sensors, and
lots more. Robots don 't have

to be expensive!
Visit us at:

www.BudgetRobotics.com/
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Circuit Troubleshooting
Handbook

by John D. Lenk
When it comes to trou­
bleshooting, no other
boo k even comes close
- hundreds of circuits
are covered in this
exhaustive handbook. The
result is the most com­
prehensive and reliable
circuit compendium ever
assembled . Heavily illus­
trated with diagrams and schematics, it
uses a standard, easy-to-follow fo rmat to
help readers unde rsta nd and t roubleshoot
a wide range of circuit types, and provides
proven circuit testing techn iques for all lev­
els of instrumentation.$39.95

Guide To Understanding
Electricity & Electronics

by Randy Slone
For the true beginner, """-=,...,.,.,=-"""
the re's no better introduc­
tion to electricityand elec­
tron ics.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 equations, sym­
bols, and supply sources . $24.95
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Electronics
Encyclopedia of Electronic

Circuits Vol. 7
by Rudy Graf

Des igned for quick
refere nce and on-the-job
use , the Encyclopedia of
Electron ic Circuits,
Volume 7, puts over
1,000 state-of-the-art
elect ro nic and integrated
circuit des igns at your fin­
gertips.This collection
includes the latest designs
from industry giants such as Advanced
Micro Devices, Moto rola,Teledyne, GE, and
others, as well as your favorite publica­
tions , including Nuts &Volts! $39.95

Understanding Automotive
Electronics Fifth Edition

by W illiam B. Ribbens
This edit ion of
Understanding Automot ive
Electronics covers the most
recent technological
advances in operat ion and
troubleshooting of elect ron­
ic systems and components.
This is a pract ical text,
suitable for the automotive technician, stu­
dent, or enthusiast. It includes low-emission
standa rds, on-board diagnost ics and
communications, digital instrumentation,
and digital engine control. $34.99

JunkBots, Bugbot s, and Bots on
W hee ls: Building Simple Robots With

BEAM Technology
by David H rynkiw / Mark T ilden

Ever wonder what to do
with those discarded
items in your junk draw­
er? Now you can use
electronic parts fro m old
Walkmans , spare remote
controls, even paper clips
to build your very own
autonomous robots and
gizmos. Get step-by-step inst ruct ions from
the Junkbot maste rs for creating simple
and fun self-guiding robots safely and easily
using common and not-so-common objec ts
from around the house . Using BEAM tech ­
nology, ord inary tools , salvaged electronic
bits, and the occasional dead toy, co nstruct
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
revolut ion! $24.99

Combat Robots Complete
by Chris Hanno ld

Here's everything you need
to jump into the fascinating
and fun wo rld 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 construct ing your
first combat robot to the lowdown on the
federations that sponsor or guide competi­
t ions. $24.95

Troubleshoot ing
Be nch top Electronics Handbook
260 Most Essential Electronics Topics

by Victo r Veley
Hardcover; 800 pp., 350 illus.

To successfully trou­
bleshoot and do repa irs,
electronics engineers and
techni cians must under­
stand the principles, math,
and equations behind the
systems and devices
they're working on.This
on-the-job resource
explains those arcane topics more clearly
than any other guide. Its predecessor,The
Benchtop Electron ics Reference Manual,
3/e, was acclaimed by Popular
Communications as "the most comp rehe n­
sive and well-rounded reference you're
likely to find ... for the experienced elec­
tronics tech or savvy hobbyists." Now this
classic is thoroughly updated to cover
satellite communications, fiber optics, and
other key topics. Contains helpful practice
problems and worked-out solutions.
$69.95

wt: Al,;l,;t: .... I VISA, Me, AMEX
Prices do not include sh ipping
and may be subject to change.
Ask about our 10% subscriber

iscount on selected titles.

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
using this authoritative
ro bot resource .This team
of experts gives you an
inside look at the innova­
t ive 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 mechanica lly
minded or not, you'll find this book both
entertaining and informative. $24.99

Robot Builde r 's Sourcebook
by Gordon McComb

Written by Gordon ~'""'"!''''''''''=u.''7''JI
McComb, author of the Robot _.::.,;::.
classic Robot Builder's B11ilder'~'~i
Bonanza, one of the most SOUrCebOOK
popular books ever writ­
ten on amateur ro botics,
the Sourcebook lists
over 2,500 mail-order
suppliers and other
sources.You'll find
deta iled 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 "ro botics goldmine," th is one-of-a-kind
guide also includes:

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

• Scores of relevant articles designed to
fill-in informat ional gaps, stimulate th inking,
and help you make the most of all the
material the Sourcebook makes available to

~ you. $ 24.95;.a ......_
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The Hacker Diaries: Confessions
of Teenage Hackers

by D an Verton
Through fascinating inter- _----_
views with FBI agents,
criminal psychologists,
law-enforcement officials
- as well as current and
former hackers - you 'll
get a glimpse inside the
mind of today's teenage
hacker. Learn how they
th ink and understand the ...?..

internal and external ------
pressures that pushed them deeper and
deeper into the hacker underground.
$14.99

Radio & RF

Viruses Revealed
by David Harley / Robert Slade / Urs

Gattike r
This detailed guide offers
full-scale coverage and
analysis of the orig in,
structure, and technolo­
gy behind computer
viruses, and addresses
current methods of
detection and preven­
tion. By learn ing 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 /
George Kurtz

This brand-new edition
of the best-selling securi­
ty book covers all the
latest hacks and counter­
measures and includes a
bonus DVD with the
authors' famous "Hacking
Exposed Live" presenta­
t ion! $49.99

Secrets of RF Circuit Design
Third Edition by joe Carr

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

High Voltage
Homemade Lightning: Creative

Experiments in Electricity
by RA Fo rd

Enter the wide-open fron­
tier of high-voltage elec­
trostatics with this fasci­
nat ing, experiment-filled
guide .You'll discover how
to make your own equip­
ment, how electricity is
used in healing, and the
workings of many experi­
ments in high potential
physics! $14.95

Programming & Customizing the
BASIC Stamp Computer

by Scott Edwards
This edition moves
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 timeltempera­
ture display, and a data­
logging thermometer. $39.95

The Nuts & Volts of BASIC
Stamps Volumes 1-3

Programming & Customizing
the 8051 Microcontroller

by Myke Predko
Programming and
Customizingthe 805 I
Microcontroller puts you in
control of the 805 l 's
architecture and instruc­
tion set - and even suI>­
plies a baker's dozen of
ready-to-build example
appl ications, programs, and
circuits. Best of all, the inclu'-,dc-e--'-d--:;C""'D~-R"""'O"'-M"""""
supplies source code for the book's experi­
ments and applications.$39.95

$49.95 $69.95
each 2 volumes all 3 volumes

In 1995, Scott Edwards began authoring a
column on BASIC Stamp projects in Nuts
& Volts Magazine.The column quickly
became a favorite of Nuts &Volts readers
and continues today with Jon Williams at
the helm. The Nuts &Volts ofBASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 is new and contains
columns 76-921

PIC Microcontroller Project Book
by john Iovine

This pro ject-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-I 0 commu­
nications ... digital oscillo­
scope ... simulations of
fuzzy logic and neural
networks ... and many
other applications. $19.95

Home Entertainment
Build Your Own PC Home

Entertainment System
by Brian Underd ahl

Learn to use PC DVD B .....""'...
dr ives, DVD recorders,
and massive hard drives
to create a home enter­
ta inment system that's
comparable to what
you 'd enjoy from expen­
sive, individual compo­
nents. Who needs the
mov ies? Now, you can
achieve stunn ing audio and top qual ity
video resu lts 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
mov ies, put your entire CD co llection on
you r hard dr ive, and listen to radio stations
from around the world. $14.99
MARCH 2003

Programming & Customizing the
HC I I Microcontroller

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

Programming & Customizing
PICmicro Microcontrollers
2nd Edition by Myke Predko

Th is book is a fully updat­
ed and revised compendi­
um of PIC programming
info rmat ion.
Comprehensive coverage
of the PICMicro 's
hardware architecture
and software schemes
complement the host of
experiments and projects
making th is a true, "learn
as you go" tutorial.
$49.95
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Laser Insight
Return to Interferometers

I n last month's column, I discussed
the various results obtained when
using a Fizeau-type interferometer

to inspect mirror surfaces. The inter­
ference fringes mentioned were first
noticed by Sir Isaac Newton - back in
the 17th century - although he wasn't
sure at the time what the significance
of the fringes was . They were called
Newton's Rings after the great man,
and are still referred to in some of
today's scientific texts.

It wasn't until 1801 , when
Thomas Young showed the world the
importance of these interference
fringes that the true nature of light
was widely accepted. If you read last
month's column, you'll know that it
was Young who hit the nail on the
head, so to speak, and convinced the
scientists of the day that light was a
wave motion, and not the particle
motion Newton had believed.

Also last month, I made menti on
of various interferometer types, and
listed a few of the more familiar ones
at the end of the column. One type
that I had deliberately left out though,
was the Michelson interferometer that
was mentioned early in the column. I
left that one out because the column
was getting too long . Now you'll see
why I left it out. There is a very inter­
esting story surrounding the develop­
ment of this interferometer, and I will
share it with you now.

Background leading up
t o t he experiment

First, a little background. In the
mid-19th century, it was firmly estab­
lished through Young and others, that
light was a wave motion, just as sound
is. It was believed that because of the
wave nature of light, it required an
elastic medium in which to travel.
After all, sound needed air to travel , so
it should be the same for light. The
name given to this invisible, unde-
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tectable medium was ether. It was
thought to permeate everything, even
down to the molecular level. It had to
surround even the tiniest things ,
because you could see small objects
through a microscope. It was incon­
ceiva ble to the scientists of the day
that light could travel in a vacuum, so
there had to be another med ium - the
ether. A vacuum may devoid a glass
bell jar of air, but the jar is still full of
ether - you can still see through it!

Various tests were performed to
detect this ether, but all had failed. In
1875, the famo us British scientist
James Clark Maxwell, proposed a
method whereby the ether could be
detected, if it existed at all. An analo­
gy of Maxwell's proposed method is
this: It was well known , and easily
demonstrated, that a rower on a flow­
ing river will take a longer time to trav­
el a fixed distance against the current,
than when he rows with the current, if
you ass ume a constant speed. At the
same time , a rower traveling perpendi­
cular to the flow will be able to do a
return trip in equal crossing times.

Since the rower will travel faster
with the current than against it, it
might be supposed that the round trip
time will be the same, but actually,
rowing against the flow will be effec­
tive for a longer time, so therefore the
total round trip time will be longer. If
the number of trips were increased,
then the total difference in travel time
will be magnified by the number of
trips , again assuming a constant
speed.

Followinq this analogy - Maxwell
proposed - if the ether was present,
and the earth was traveling through it
at close to 20 miles /second (the
earth's speed through the ether is
equ al to D x PI / (365. 25 x 24 x 60 x
60), where D is the diameter of the
earth's orbit around the sun . Doing
the math, this works out to 18.5
miles/second, then there should be

some 'ether wind ' relative to the
earth's motion, just as the water flow
is relative to the rower's motion . The
ether wind should have an effect on
the speed of light, and should there­
fore, be easily detectable.

In 1881 , Albert Michelson pe r­
formed the experiment outlined by
Maxwell. It was at the University of
Berlin - at the laboratory of Hermann
von Helmholtz - that the experiment
was first set up by Michelson. To his
great surprise, he could not se e any
difference in the velocity of light,
regardless of the direction the light
was traveling in. Some years before,
the German sci entist Ernst Mach
(whose name is now syn onym ous
with the speed of sound) proposed
tha t the idea of an all-pervading ether
should be dropped, but the known
physics at the time would not allow
such a prep osterous notion .

The failure of the expe riment was
believed to be due to the set-up of the
equipment, and the crude method of
data gathering . However, it was
believed that the experiment had a
sound basis, and a bette r des igned
experiment should show posi tive
results. Michelson himself thought so ,
and was eager to try again.

Michelson resigned his nava l
commission, and took a position as
professor at the Case School of
Applied Sciences (now the Case
Institute) in Cleveland , OH. While
teaching there, he met Edward
Morley, who was teaching chemistry
at Western Reserve Universi ty.
The two men became good friends,
and were to lat er work toget her
on a revised version of Michelso n's
experiment.

The Michelson-Morley
experiment

In 1887 , Michelson and Morley
set up an experiment in Morley's base-
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of explanations to save the ether-wind theory. But the
st rangest of all explanations came from an Irish physicist,
George Francis Fitzgerald . The reas on , he said , that the
experiment failed is because the ether wind puts a force on
the equipment, making it contract a little in the direction of
its motion . The amount of contraction, he said , would be just
enough to offset the change in the speed of light. This not ion
- crazy as it seems - became known as the Fitzgerald con­
traction. Hendrick Lorentz - the Dutch physicist - had inde­
pendently thought of the same explanation. The theory later
was changed to the Lorentz-Fitzgerald (or Fitzgerald­
Lorentz) contraction. Albert Einstein later became good
friends with Lorentz, worked out the math, and incorporated
this contraction in his general theory of relativity, published
in 1905. Although the experiments of Michelson and Morley
will go down in history as a failure, the scientific world looks
upon the experiment as a resounding success, because it
forever did away with the impossible task of detecting an
invisible, light-bear ing ether.

Light and optics are a fascinating subject, and we con­
tinue to develop more sophisticated instruments to measure
every characteristic of electromagnetic radiation. With such
a wide coverage as the electromagnetic spectrum provides,
there is still plenty of room for experimen t.

As always, if you have any questi ons about this column,
or about optics and lasers in general , please contact me
through email atstanley.york@att .net. NV

0 ==-<:

Figure 22-I:The
Michelson-Mol-ley

Interferometer.

ment laboratory.
Figure 22-1 shows the Michelson-Morley interferome­

ter set-up. A light source is placed at the input to the colli­
mating lens pa ir as indicated. Each of the four mirrors MI ,
M2, M3, and M4, were actually composed of seve ral sepa­
rate mirrors, each adjustable for precise light-ray position­
ing on the next mirror. The mirrors were positioned very
carefully, so that each of the light beams traversed the
path a tota l of eight times , and were se t up so that the tota l
length of the light path in each arm of the interferometer
was the same. The longe r the path length , the greater indi­
cation will be given of timing change, analogous to multi­
ple trips on the river. The assembly was mounted on a five­
foot square slab of stone about a foot thick , and floated on
a mercury poo l. Thus , the arrangement was very stab le,
and allowed the whole assembly to be rotated slowly
around a central pin.

The light source was directed onto a beam sp litter BS1,
which then sent two beams in orthogonal direct ions . The two
beams were then reflecte d by the ser ies of mirrors to
increase the path length, before the final mirrors sent the two
beams to meet at a sc reen SC I. Details of the mirror
arrangement are not shown here for clarity.

The idea was that - under the strictly-controlled condi­
tions in Morley's lab - an interference pattern sho uld appear
on the sc reen SCI when the equipment is set up. As the
assembly was rotated, the difference in the relative speed of
the light beams crossing between the mirrors would cause a
shift in the interference pattern because the speed of light
would change, depending on whether it was in the same
direct ion as the ether wind or perpe ndicular to it. The com­
bining of the two beams on the screen SC1 would then give
a clue to the absolute velocity of the earth with respect to the
ether, which was assumed to be stationa ry, and everything
else in the universe moved through it. The scientists of the
day were very excited about this , because they could see no
flaws in the reasoning of the experiment, and they thought
that this would be a breakthrough into the fundamental laws
of nature. Alas, it was not to be. When the arrangement was
rotated, the re was no change in the interference pattern. The
experiment was repeated many times , but still failed to give
any change in the interference pattern.

Witnesses to the exper iment thought that perhaps there
was a mistake in the alignment of the mirrors , or perhaps
there was an error in the interpretation of the interference
fringes. The experiments were repeated by other scientists ,
and again by Michelson and Morley, this time using an even
more sensitive arra nge ment, but again, no ether wind was
detected. Since the invention of the lase r, extremely-sensitive
experiments have been constructed to detect even a slight
differenc e in the velocity of light, but so far, none has been
detected. In fact , one of the inventors of the laser has tried
this expe riment hims elf.

Charles Hard Townes - then of Columbia University ­
used a MASER (an atomic clock ) in an extremely sensitive
se t-up, in which any change in the speed of light could be
detected, even if the speed of the ea rth was on ly 1j1 OOOth of
its actual speed. Again , there was no trace of an ether wind.

Scientists and physicists were so amazed by the nega­
tive results of these tests, that they began inventing all sorts
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Basics For Beginners

Just For Starters
Random Thoughts

Figure I

POT AS V OLUME CONT ROL

one is neutral. You will als o notice
that one of the internal connections
- where you attach the wire - will be
silver and the oth er gold. Normall y,
you will have three wires: black,
white, and green.

The green is always your
ground lug, the round pin . Blac k is
your hot side and goes to the go ld
terminal. White is the neutra l and
goes to the silver terminal.

The easy way to remember this
is to think of oil - black gold ­
because black goes to gold.

Some of us remember when
Touchtone" phones first came out.
They were polarity-sensitive and, if
you reversed the tip and ring when
wiring the phone line, the tone pad
would not function . The tone pad is
powered, of course, by the holding
voltage on the phone line (a pproxi­
mately 28 volts).

However, before too long the new
phones coming out were no longer
polarity-sensitive . This was ac com­
plished with a simple bridge-diode
arrangement as shown in Figur e 3.

By using this bridge arran ge­
MARCH 2003
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on the outside, but are different
on the inside. The human ear OUTGOING RI!D--------...,
does not de tect changes in vol-
ume at low levels as well as it OUTGOING BUCK

does at high er leve ls.
Therefore, an "au dio taper" vol-
um e co ntrol will increase the
audio very rapidly at first and
then , as you continue to turn
the knob, the increase in vol­
ume will be less for the same
kn ob travel. Anytime you are
replacing a pot that is used for
a volum e control , be su re that
it is an "audio taper" pot.

The othe r type of pot is a
"linear taper" and - as its
name says - will have a con-
stant rate of change in resist-
ance for a given movemen t of the
knob. The se are us ed for volta ge
co ntrol and are quite often wired as
shown in Figure 2. This makes the
pot se rve as a contin uously varia ble
resistor.

Whe n you look at an elec trica l
outlet or plug, you will no tice that
one of the flat blade s is smaller than
the other. This is the on e that ties to
the hot side of the line and the larger

Figure 3

SOURCE CAN BE
EITHER POLARITY

T his month, we are going to
have a series of "ra ndom
thoughts ." These are some

little items that can come in handy
for working with electronics.

To put screws in hard-to-reach
places, take a small piece of tape
and push the screw through it from
the sticky side. Then place the screw
on the screwdriver and fold the edges
of the tape up around the screwdriv­
er tip. Th is will hold the screw while
you start it.

A heavily -magnetized screwdriv­
er will , of course, hold the sc rew for
you. However, many of today's proj­
ects contain parts that are sensitive
to magnetism . Working with magnet­
ized tools around computers is ask­
ing for trouble. I regularly demagnet­
ize my tools with a tape-head demag­
netizer from RadioShack.

When wiring a volume control ­
if you follow the diagram in Figu re 1
- the volume will increase as you
turn the knob clockwise.

Now, there are several things you
need to be awa re of in th is area. First,
there are two different types of poten­
tiometers (pots) that look th e same
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Easy Microcontrol'n - Beginner $29.95
• Progra mming Techniques

Instruction set, addressing modes , bit man ipulation,
subroutines , loops , lookup tables, interrupts

• Using a text editor, using an assembler, using MPLAB
• liming and counting (timer 0), interfacing, I/O convers ion

Microcontrol'n Apps - Intermediate $44.95
• Serial comrnunlcatton- PICmicro to peripheral chips
• Serial EEPROMS
• LCD interface and scanning keypads
• DIA and AID conversion - several methods
• Math routines
• B-pin PICmicros
• Talking to a PICmicro with a PC using a terminal program
• Test equipment and data logger experiments

Time'n and Count'n - Intermediate $34.95
• 16-bit timing and count ing applicat ions
· limer I , timer 2 and the capturelc omparelPWM (CCP)

module
Serial Communications: - Advanced $49.95

• Synchronous - bit-banq , on-chip UART, RS·232
• Asynchronous - 12C(Philips Semiconductors)

SPI (Motorola), Microwire (National Semiconductor)
• Dallas Semiconductor 1-Wire bus

Plug
end-to-end
Stack 32 modules on
the same RS·232 cable.

1710-B Brighton Cove, Ft Walton Beach, FL 32547

Weeder
Technol ogies

POT AS VARIABLE RESISTOR

INCOMING OUTGOI NG
VOLTAG~ VOLTAG~

Digital VO Module - 14 1/0 channels individually configured for input or output. Turn
on/off relays. Sense switch transitions, button presses and 4x4 matrix decoding using
auto-debounce and typematic repeat with adjustable delay. One-shot pulse output. $59
Analog Input Module - 8 single-ended or 4 differential inputs. Self-calibrated, 12·bit
ADC, reads voltages from 0 to 4095 mV. High & Low alarm trip-points for each input. $69
Analog Output Module - 4 outputs that span -10 to +10 volts using 12-bit DAC. Buill-in
ramp generator, software calibrated, user selectable POR defaults for each channel. $89

Stepper Motor Driver - Directly drives a unipolar stepper motor rated up to
30VDC @ 2A. Self-generated S-curve acceVdecel profiles provide

smooth start and stop motion. Sollware programmable ramp-rate,
velocityand idle current. Single-phase, dual phase, &half-step

drivemodes. 24-bitabsolute motor position counter. $69
Pulse CounterlTlmer - Read frequency from

0.50000 Hz to 1,500,000 Hz using floating
decimal point and 5-digit resolution

throughout range. Measure period,
RPM, duly cycle, pulse length, the
velocity of a projectileusing a pair of
trip wires. 24-biI pulse count

accumulator for event counting. $79
Solid State Relay Module - 5 opto

isolated relays can be wired directly to
existing low-current buttons and switches

to provide sollware control of their
operation. Built-in event sequencer. $69

h-t-tp: / /V\TV\TV\T.sq-l.corY1

PIC® Microcontroller Books
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New Titles
Same Useful
Books
Table Of Conten ts And Ordering
Info rmation On Web Site.

Not Dist ributed Via Boo k Sellers
We accept VISA, MC , AM , OS, MO , Check
CA resid ents please add 7.25% CA sales tax
See our web sites for sIh rates.

PIC, PICmicro and MPLAB are trademarks
of Microch ip Technology Inc.

P.O. Box 50 1, Ke lseyville , CA 95451
Voice (707) 279·8881 Fax (707) 279-8883

~©I~ [I] ELECTRONICS

EaS9 Step'n
• For the experimenter.
• Determ ine surplus stepper motor specs using

simpie easy to build test equ ipment.
• Design and build microcon trolle r-based control systems

(flow charts and code examp les included ).
• Desig n and build stepper motor driver circuits .
• Analyze the mechanical characteristics of stepper motor­

driven devices .
• The book is full of experiments, circui ts and code. $34.95

Table 01Contents And Ordering Information On Web Site

http:/ /www.stepperstuff.com

Stepper Motor Book

CueWho?? CueCat a Simple
Low Cost Barcode Scanner

Keyboard or USB Interface

Electro Mavin 42 years of Bargain s ,
Quality, and Customer Satisfaction
800-421 -2442 or FAX 3 10-632-9867

E-Mail john@mavin .com

http://www.mavin.com
We Buy New Unu sed Technical Product,
Military and RF Connectors Our Sp ecialty

Do you remember the nights you
laid awake asking yoursel f

"Wh a t ever happened to the CueCats?"
II's Simple

\Me
Got'EM!!

ment, you can apply a DC voltage in eithe r pola rity and the
unit - wha tever it is - will work. You will have so me volt­
age drop (approximately 1.5V) through the circuit since
the forward diodes will present some resistance. But if you
are building something, and you want it to funct ion on
either pola rity, you can use this on the input.

If you are us ing a regulated supply, you simply allow
for the voltage drop . Your unregulated supplies are go ing
to wander around with the load anyway. Therefore, if you
are using an unregulated supply (like most wall warts) and
it is labe led 12 volts , it will actua lly supply cons ide rab ly
more voltage unt il you load it down. Most circuits will not
notice the slight voltage drop caused by the diodes. And,
it will make your project much mo re goof-proof when
applying the voltage. NY

We have been se lling on the Intern et sinc~e 1996 . We sh ip
the day we receiv e your orde r or the next bu siness day....._-

MARCH 2003



Understanding! Designing!and Constructing Robots & Robotic Systems

Amateur Robotics
The author provides code and details ofa simple printf() function foruse in robotics and embedded
control projects. Small and versatile, this program will be a powerful addition to your next design.

$31 $32 $33 $00

void pr ints(char *str)
{

The putchO function

This means I can write a st ring con­
tain ing a "\ n" sequence, but when the
string is displayed, my prints function
will translate this new-line into a
new-line, carriage-return sequence
au tomatically.

putch ( * str);
if ( * str = '\ n' ) putch(' \r');
st r++;

Listing 2: An im proved
prin ts function .

while (* str)
{

As you've no doubt noticed, the
above two functions use a second
funct ion - putch - to display a char­
acter. In the PC world, this causes a
character to appear on your mon itor.
In the embedded world, this funct ion
does not no rmally exist. You - as the
programmer - are responsible for cre­
ating this low-level function.

The actual code will vary, depend­
ing on the output device used. You
might need to display characters on
an LCD sc reen , send them to an RS­
232 se rial po rt, or write them to a pa r­
allel po rt. Since you (presumably)
know all the details of how your output
device works , you must write the func­
tion for displaying data to that device.

The 'b32 version of the 68hc 12
has a single SCI port, used to
exchange data over a se rial line such
as an RS-232 port. Writing the equiv­
alen t of a putch funct ion that sends
characters out the SCI port can be as
simple as polling the SCI transmit reg­
ister unt il it is empty, then writing a
character to the SCI data register; refer
to Listing 3.

Note that this isn't a very good
putch function. Because it locks in a
loop polling the SCI po rt for a certain
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List ing I:
A simple

string-print ing
funct ion .

putch (*s tr);
str++;

while ( * str)
{

void prints (char *str)
{

Printing such a string in C is sim­
ple. Write the starting add ress of the
st ring to a pointer variable. Repeatedly
read the cha racter pointed to by that
variab le and , if the character is non­
zero , display that character and incre­
ment the pointer. If the character
fetched from that pointer is zero, the
print operation is done. Listing 1
shows what that code looks like in C;
I'll call the funct ion prints, since all it
does is print a str ing.

Actually, I need to beef up this
function just a bit. C uses a number of
escape characters to embed extra for­
matting within a string. These are typ­
ically a two-character sequence - a
backslash followed by a second char­
acter that defines the requested
act ion. Escape sequences exist for
carriage-returns, form -feeds, beeps,
and other useful actions. For example,
the sequence "\n" represents a new­
line (line-feed) character.

In Listing 2, I've added code that
tests for the presence of a new-line
character; if the new-line is printed,
this funct ion now follows it immediate­
ly with a carriage-return character.

Printing strings

adding the baggage of unused parts.

At its most basic, printf prints
strings. In C, a string is a sequence of
bytes , terminated with a byte of O. For
example, the string "123" appears as
the following sequence of bytes ,
shown here in hexadecimal:

PrintfOranks as one of the most
useful of C's basic functions . It
provides a simple method of

displaying formatted data , such as
strings, integ ers, and floating- point
numbers. It is also a powerful debug­
ging tool, since adding a few judicious
printf calls to your code can quickly
zero-in on trouble spots.

Traditionally, the first C program
you write uses a call to printf to display
the string "Hello, world!" Ifyou compile
that program on a PC, you can easily
generate an executable that is lOOK or
larger. If you build that same program
for use in a robot or in an embedded
control environment, you will often
end up with an executable more than
50K in size.

In the Oct. 2002 issue, I showed
how to set up the GNU C compiler for
the Motorola 68hc12 microcontroller
(MCU). My target 'hc 12 system is a
Technological Arts Adapt912b32
board, which carries 32K of flash.
When I compiled the "Hello, world!"
program for the 68hc12, the resu lting
executable exceeded my avail able
flash memory.

The reason for this code bloat lies
in printf's kitchen-s ink approach to dis­
playing data . Printf can handle any
type of data, including data types you
don't normally need in robot code. For
example, most small robots don't use
floats or dou bles , since floating -point
operations take a lot of time to per­
form and the attendant math pack­
ages are relatively large. But if your
code invokes printf even once, the
linker brings in everything printf needs
to display floats , even if your code
never displays a float.

The problem becomes, then, how
to get the benefits of printf without
us ing up all of your available memory
to disp lay a string. The answer lies in a
bit of custom code that duplicates the
essential features of printf without
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Listing 5:
A printc that

supports SCI O.

default:
break;

* This routine prints the character
* passed as argument c to the I/O
* port identified by argument port.
*/

But robot code involves more th an
simple text st rings. Often , your code
needs to repo rt sen sor values, motor
settings, locati on information , an d
other details. This requ ires the ability to
convert a variable's value into a format­
ted strin g of cha racte rs.

We already know that the tradition­
al function for this job - printf - is
overkill for most robotic appli cations .
What we need is a stripped-down printf.
The functi on discussed here - which I
call printv - accepts a port identifier, a
format string, and a single int value . It
formats the value as directed by the
format string, then writes the resu lting
character str ing to the selected po rt.

To keep the size of the function­
down, I've rem oved some of printf's fea­
tures. My printv does not accept a vari­
able-length argument list; it is limited to
a single int variable . It does not handle
floats or dou bles . It does, however, sup­
port width specifiers, and can display a
value in unsigned decimal, signed dec­
imal, or unsigne d hexadecimal; hex
values can be shown as uppercase or
lowercase. It also provides leading
zeros or leading spaces. Best of all, it
weighs in at just about 5K of code , well
below the 30K+ of the full printf. Refer

switch (port)
{

case SCI PORTO:
SCLSendChar(O, c);
break;

currently only supports SCI O.
SCI_SendChar sends the specified
character to the sele cte d port; again, it
only supports SCI O. The SCI]mitPolI
function polls the se lected port and
returns a value indicating whether the
port is ready to send a character.

Printing data values

1*
* printc print a character to an I/O
* port

void printc(short int port, unsigned
short int c)
{

* This routine prints the string passed
* as argument str to the I/O port
* identified by argument port.

1*
* prints print a string to an I/O port

*

*

while (*str)
{

* \ r characters are printed without
* modification. \ n characters are
* always followed by a V.
*

printc(port , (unsigned short
int)(*str));
if (*str = 'vn') printc(port, 'V' );
str++;

Listing 4: Supporting
multiple output devices

in prints.

*/

void prints(short int port, unsigned
char *str)
{

Low-level I/O
Of course, I also need routines that

do the low-level work of sending cha r­
acters out the SCI port. Without going
into a lot of detail , Listing 6 shows func­
tions for opening SCI 0 for output and
sending a character out that port.

SCI_Open lets my code set the
baud rate , parity, and other operating
parameters for the SCI port; note that it

prints (SCI _ PORTO, "Th i s i s a
simple s tringl \n \n ") ;

68hc12b32. Ifyour code ca lls this func­
tion with a port identifier oth er than
SCI_PORTO, no character is output.

You'll not ice that prints uses a
pointer to an array of unsigned chars,
while printc expects a cha racter passed
as an unsigned short int. The printc
function su pports exchanging nine-bit
data with a physical device, perhaps
over an RS-485 network. Some multi­
drop protocols send the first character
of a packet with the ninth-bit set to indi­
cate an address byte ; other characters
within that packet are sent using only
eight bits. I wrote printc this way to
leave open the possibility of supporting
such a multi-drop network . The above
prints and printc functions allow my
code to display a simple str ing of char­
acters. For example, the following func­
tion call will output a string, complete
with two CRLFs at the end , to SCI 0 on
my Technological Arts boa rd:

while (SCOSR 1 s SCI_TDRE) == 0)
SCODRL = c & Oxff;

Listing 3: A simple
putch function.

condition, it prevents the CPU from
doing anything else until the character
is sen t. For sim ple robots , this won't
normally be a problem . As your proj­
ects ge t more ad vanced, you will prob­
ably move to more sophisticated I/ O
functions that use interrupts and ca ll­
backs to free up the processor as much
as possible. For now, however, polling
functions like this will get the job done .

void putch(int c)
{

Device selectors
But the above function has what I

consider an even greater disadvantage;
it only sends characters to SCI port O. If
I want to send a character to a second
SCI port - such as exists on an 'a4 vari­
ant of the 68hc12, or to an LCD screen
- I'm stu ck. I would need to write differ­
ent versions of putch. But because
prints calls putch direct ly, I would also
need to rewrite prints for each output
device . Then, if my high-level code
wants to talk to different output devices,
I have to write extra code to call each
different prints as needed. This kind of
special-case code quickly becomes
unwieldy and hard to ma intain.

A better approach is to write putch
so my code passes not only the charac­
ter to print, but some type of device
se lector. The putch function uses this
selector value to decide which low-level
display routine to call. Now I only need
to write a version of prints that also
accepts this device selector value and
passes it on to putch.

Actually, to avoid confusion with
the put ch function - whose character­
istics are carefully defined by the C
standard - I'll call my character output
function printc. Usting 4 shows a ver­
sion of prints that accepts an argument
called port, which determines the func­
tion to use for sending a character.
Note that the prints function itself does
not care what value port holds; it sim­
ply passes the port value on to the
printc funct ion.

We're nearly done. All that remains
is the printc function itself. Listing 5
shows a vers ion of printc that supports
one I/O device, SCI port 0 on the
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result = SCI_BAD_PARAMETER;
goto openerror;

case SCI_NOPARITY:
break;

short int result ;
unsigned short int br;
short int mode ;

case SCI_PORTO: II SCI 0
br = « (MCLK I 16) I baud) s

Oxlfff) ;
SCOBDH = br » 8;
SCOBDL = br s Oxff; I I must

write low byte last!

buff(256) ;unsigned char

sprintv(buff, fmt, v);
pr ints(port, buff);

Listi ng 7: A formatted
print function.

sprintv (b u ff , "d", foo) ;

void pr intv (short int port,
unsigned char *fmt,
int v)

*
* The format string should be passed
* as argument fmt. The value to be for­
* matted is passed as argument v.
*1

*

1*
* printv pr int a value as a formatted
* string

* This routine uses a call to sprintvO
* to format a value into a string , then
* prints that string to the port
* identified by argument port.

This invocation takes the value in
foo , formats it as a signed decimal
number, and copies the resulting
string to the buffer at address buff. If
foo holds a negative number, it is for­
matted with leading negative sign. The
resulting string uses the minimum
amount of characters to hold the for­
matted value. Here is another example
of sprintv's power:

look like this:

result;short int

switch (chnl)
{

SCODRH = 0;
I I clear ninth bit

}
}
SCODRL = c [, Oxff;

I I send low eight bits
result = SCI_OK ;
break ;

case SCI_PORTO:
while (SCI_XmitPolI(chnl) =

SCI_XMIT_NOT_RDY) ;
if (SCOCR1 [, SCI_M)

II if sending 9-bit mode ...

if (c [, Ox0100)
II if ninth bit is set...
{

SCODRH = SCI_T8;
II set ninth bit in output

}
else
{

Listing 6:
Low-level serial I/O functions.

string without having to print it, should
th at be necessary. The entire sprintv
function is too large to include here, so
I'll just hit some of the high points. A
typical invocation of sprintv might

short int SCI_SendChar (short int chn l,
unsigned short int c)

II based on
type of parity

II based on
channel number

switch (parity)

switch (chnl)

mode = 0; I I clear out
the mode value

if (nbits == SCI_8BITS) ;
else if (nbits = SCI_9BITS)
mode 1= SCI_M;
else
{

to Listing 7 for detail s. The real work of
formatting a string is carried out by
the sprintv function. I separated the
formatting operation from the printing
operation so my code could format a

short int SCI_Open (short int chn l,
unsigned short int baud,
short int nbits,
short int parity)

result = SCI_OK;

}
return result ;

}
return result ;

prints(SCI]ORTO, "\n") ;
printv(SCI]ORTO, "4x",
(unsigned int)(addr+n» ;
prints(SCI]ORTO," ");

void ShowMemory(unsigned char
*addr, int num)
{

unsigned short int n;
unsigned char *p ;

n = «unsigned short int) addr [,
OxfffO);

p = (unsigned char * )n;
num = num + (addr - p);
prints(SCI]ORTO, "\nAddr +0 +1

+2 +3 +4 +5 +6");
prints(SCI]ORTO, "+7 +8 +9 +a +b

+c +d +e +f' );
for (n=O; n<num; n++)
{

if (n % 16 = 0)
{

}
prints (SCI]ORTO, "\n");

Listing 8: A memory dump
function using printv,
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}
printv(SCI]ORTO, "02x", *p++) ;
prints (SCI]ORTO, " ");

result;

{

}
break ;

short int

default:
result = SCI_NO_SUCH_PORT;

default :
result = SCI_NO_SUCH_PORT;
break;

case SCI PORTO:
if « SCOSR1 [, SCI_TDRE) != 0)

I I if TDR is empty

result = SCI_XMIT_NOT_RDY;
I I assume not ready

switch (chnl)
{

short int SCI_XmitPolI (short int chnl )
{

case SCI ODD PARITY:
mode = mode I SCI]E I
SCI]T;

break;

default:
result = SCI_NO_SUCH]ORT;
break ;

}
SCOCR1 = mode;
SCOCR2 = SCI3E I SCI_RE;
result = SCI_OK;
break ;

case SCI PORT1:
result = SCI_NO_SUCH_PORT;
break;

case SCI_EVENPARITY:
mode = mode I SCI_PE;
break ;

default:
result = SCI BAD PARAMETER;
goto openerror:- I I bad

parity value

openerror:
return result ;
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1. / *
2. * Successively divide the value by the radix until the
3. * result is O. Convert each integer quotient into an
4. * an ASCII character in the proper radix . If the
5. * radix is hex, adjust the ASCII character based
6. * on the 'x' or 'X' format specifier.

*p = ((unsigned int )v % radix) + '0';
if (radix == 16)
{

}
p++;
v = (unsigned int )v / radix;

does not mean you have to give up all
of the capabilities of printf. Use these
functions as the core of your own for­
matted print library; [ think you'll enjoy
the power they bring to your data
displays. NV

Listing 9:
Sprintv's

parsing
algorithm.

fmt++;
}

*p = *p + 7;
if (lower)
* p = * p + 32;

Listing 10: Converting a
value to a str ing.

case 'x':
radix = 16;
tsigned = 0;
lower = 1;
break ;

case 'd':
radix = 10;
tsigned = 1;
lower = 0;
break ;

switch (* fmt)
{

(* fmt - '0');

if (*p > '9')
{

44.
45.
46.
47.
48.

54. case 'u':
55. default:
56. radix = 10;
57. tsigned = 0;
58. lower = 0;
59. break;
60.

49. case 'X':
50. radix = 16;
51. tsigned = 0;
52. lower = 0;
53. break;

32. / *
33. * Next character in the format string

MUST be a format specifier.
34. * If not, use the default format of 'u'

(unsigned decimal).
35. */
36.
37.
38.
39.
40.
41.
42.
43.

30.
31.

while (v != 0)

16.
17.
18.
19.
20.

7.
8.
9.
10.
11.
12.
13.
14.
15.

width = width * 10 +

fmt++;
Ijust = 1;

if ( * fmt = '-')
{

while « *fmt >= '0') && (* fmt <=
'9'))

{28.
29.

18. / *
19. * Process the width field. Legal

characters are limited to '0'
20. * through '9' . Compute the width

and save it in variable width.
21. * If variable width is -signed,

max imum width is 127; if it is
22. * unsigned, maximum width is 255.
23. *
24. * Width field is optional, defaulting to

a width of O.
25. */
26.
27.

10. /*
11. * Check for zero-filled format (leading

o in width argument).
12. */

13. if (* fmt == '0')
14. {
15. fmt++;
16. zfill = 1;
17.

1. /*
2. * Test for left-just ification (leading '-' in

format string).
3. */
4 .
5.
6.
7.
8.
9.

cant digit. Then, it adds
any needed trailing
spaces. Finally, it adds the
terminating null byte and
the string is ready to dis­
play on your LCD screen
or send to your serial port.

In conclusion
I've presented a set of

functions that provide a
stripped-down version of
C's printf function.
Suitable for use in robot­
ics code, these functions
let you write strings and
formatted values to a
selected I/O device. You
can easily expand these
functions to support other
I/O devices by editing the printc func­
tion to handle other port identifiers. I
will make the full print package
described here available on my web­
site. Running on a small platform, such
as a 68hc 12b32 in single-chip mode,

sprintv (buf f, " - l Ou " , bar) ;

This causes sprintv to format the
contents of bar into a string 10 charac­
ters long, with the value left-aligned as
an unsigned decimal number; the
string will be padded to the right with
spaces. Finally, Listing 8 shows a larg­
er example of using the entire package
of print functions. This is a memory
dump function that displays an area of
memory as a table of hexadecimal
bytes, complete with column headings.

The code for converting a number
into a string is straightforward and,
frankly, a bit dull, but some of the tech­
niques are worth studying, as you can
use them later in other applications. I'll
hit a couple of high points by dis­
cussing selected sections of the sprintv
function. Review the following listings
for details. I've added line numbers for
reference only; obviously, they are not
part of the C source file.

The code in Listing 9 pa rses the
format string, setting flags and var i­
ables to record formatting elements
such as justification, field width, radix,
and, for hexadecimal on ly, use of
uppercase or lowercase letters.

The code in lines 27 through 31
parses the width parameter, which
specifies the total number of characters
to assign to the converted string. The
code shown here assumes that the
resulting value will fit properly within an
eight-bit variable. If you want to add
safeguards to catch instances in which
the format string calls out an excessive­
ly large width field , feel free to edit the
code. The large switch statement start­
ing at line 37 processes the single-letter
radix declarator. Legal values appear in
the case statements, with a default of
'u,' signifying unsigned decimal.

Listing 10 shows how sprintv
builds up the smallest possible string
for the value passed to it. Th is str ing is
built up in reverse order (one's digit
first) and saved in a local buffer on the
stack. Note how this code automatical­
ly adjusts for radix and , if hexadecimal,
handles the case of the letters.

All that remains is to copy cha rac­
ters into the buffer whose address was
passed as an argument in the call to
sprintv. If necessary, sprintv first adds
any leading spaces or zeroes. Next, it
copies the string just built by the code
above, starting with the most-signifi-
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Putting the Spotlight on BASIC Stomp Projects, Hints, and Tips

Stamp Applications
Mo'MIDI

THEN

+5

10 kn

--

%010 11111
%11111111
%10100000

Figure I

10 Pin

sca n
last
changes

Of course, after the changes
have been evalu ated, we store the
current scan in the variable called
last so that it's updated for the next
time we call Get Keys.

Now that we can tell what key
(or keys ) has changed - if any ­
sending MIDI commands is as easy
as looping through the changes and
acting accordingly.

We can take advanta ge of this
behavior by comparing the last key
sc an with the current scan. Any
changes between them will appea r
as 1 in the ch an ges varia ble. Let's
say, for example, we start the pro­
gram then press the keys connected
to pins 7 and 5. The next time
through the Get_Keys su brou tine , we
would see these values after the line
that evaluates ch anges:

Play Notes :
IF changes THEN

FOR i dx = 7 'IO 0
IF (changes. LowBi t (idx) )

220 0

and = Not eQn - ($10 *
scan .LowBi t (idx) )

~___ L_ !J ! XOR
0 0 0
I 0 I
0 I I
I I 0

Stamps [Yahoo! Groups I list is dea l­
ing with multiple simul ta ne ous
inputs and their change of states .
Without fail, my good buddy Tracy
Allen comes to the rescue with great
information on finite state machines
(www.e mesys t e m s .co m/ BS 2fs m .
htm) and how to ta ke advantage of
this programm ing strategy with
BASIC Stamps.

We're go ing to put those tech­
niques to use he re and crea te a cus­
tom keyboard . For testing, we can
use pus h button s as in Figure 1 ­
use one circuit for ea ch key. In our
program, we'll keep thin gs simple by
us ing eight keys so that we can read
them all at once by grabbing the sta­
tus of InL (pins 0 through 7), which
our prog ram aliases as Keys.

Let's look at the scann ing sub­
routine , then discuss how it work s.

Get Keys :
scan = Keys
changes = scan A l ast
last = scan
RETURN

This is ac tua lly quite simple, but
what trips up many beg inning BASIC
Stamp programmers is the use of
the Exclusive OR op erato r (/') . The
rule for XOR is "If one bit OR the
other is set, but NOT bot h, the out­
put will be True ." Here's what it looks
like as a truth table:

Another way to remember the
behavior of XOR is th at if the bits a re
different, the ou tput will be True (1);
if they're the same, the output will be
False (0) .

A Custom Keyboard

When it comes right down
to it, I'm a simple, fun-lov­
ing, goofy guy. I like

movies, good coffee, pretty ladies
(who doesn 't? ), and fun BASIC
Stamp projects. I seem to get the
most enjoyment out of the simplest
of my projects. This month fits into
that category: easy projects with
simple hardware and code and I have
had more fun playing with them than
most projects I've created with
BASIC Stamps in the last eight
years.

Now, I know what you 're think­
ing: "Why use the Stamp to send
note-on and note-off commands
when I have a perfectly good key­
board sitting right in front of me?"
Well, you might want to do some­
thing more fun. Remember the on­
the-floor keyboard tha t Tom Hanks
a nd Robert Log ia played in the
mo vie Big? You could do th at. Or
create a neat, inte ractive sculpture
as a museum piece. Kids, especially,
like those kinds of th ings. And then,
th is 40-yea r-old kid likes them too!

Last month, we saw that it's
fairly easy to send MIDI
commands and playa stored
song. What we did was easy,
but not particularly interactive.
This time, we'll use the BASIC
Stamp as a sensor interface
and send note-on and note-off
commands based on the
sensors.
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Stamp

not e = MiddleC + (7 - idx)
SEROUT MidiOu t , MidiBaud, [cmd, note, velocity]

ENDIF

move left to right. The base note - Middle C - is assigned
to bit 7, so ou r eight-bit keyboard will play these notes:

NEXT
ENDIF
RETURN

C-C#-D-Eb-E-F-F#-G

The first thing we'll check for is changes. We just saw
that bits will only be set in changes if a key was pressed or
released between scans. If there have been no changes, all
bits will be zero and we can skip right past the rest of the
subroutine code.

But let's say a key was pressed or released. We'll use
a FOR·NEXT loop to scan the bits in changes to see what
happened . When we find a 1 bit in changes, the command
is calculated based on the corresponding bit value in scan.
We can do this mathematically with just one line of code.

cmd = NoteQn - ($10 * scan .LowBit (idx) )

The variable idx holds the bit (key position) we're eval­
uating. If the value of that bit in scan is zero , the key was
pressed and the line above evaluates as :

cmd = $90 - ($10 * 0) = $90

If the key had been released, we'd get:

cmd = $90 - ($10 * 1) = $80

The note value is also calculated. Our keyboard works
like a piano keyboard , with notes getting higher as we

If we wanted to eliminate the sharps and flats , we
could insert a LOOKUP table to assign the note value:

I1X>K\JP (idx - 7) , [60 , 62, 64, 65, 67, 69, 71 , 72 ], note

The reason we subtract seven from idx is to align the
table values with the keyboard; bit 7 corresponding to the
first note value in the table.

Finally, we can add some life to our keyboard by allow­
ing a volume (velocity) change for the notes we play. One
way of doing this is to read the position of a potentiometer
with an analog-to-digital converter. Figu re 2 shows a sim­
ple set-up with ADC0831 - a part we've used many times
in the past. Reading the position of the potentiometer is a
no-b rainer:

Get Velocity :
rZw A2Dcs
SHIFTIN A2Ddata , A2Dclock, MSBPost, [ve locity\9]
HIGH A2Dcs
ve loci ty = velocity / 2
RETURN

Since the ADC0831 returns a value of 0 to 255, we can
scale it to a legal MIDI value (0 to 127) by dividing by two.

Seetron Serial Leos RIGrunner

Interface a sharp LCD displ ay to your BASI C Stamp® or other
micro-cont roller project with ease. No-solder wiring harnesses
and easy mounting kits avai lable too. See www.seetron.com today.

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

87

standard. MB

$49.95

$59.95
$109.95
$139.95

RIGrunner 4005

RIGblaster Nomic
RIGblaster M8
RIGblaster Plus

3 Models:

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

Southwest Radio Products

RIGrunner 4012C $109 .95
includes pwr cable and 24 power poles

a division of Inkjet Southwest

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

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

More displays available.
including bright VFDs,
See www.seetron.com

$45
BPI·216N

$119
TAM -425L

Circle #29 on the Reader Service Card .

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

Scott Edwards Electronics, Inc.
1939 S. Frontag e Rd. #F, Sierra Vista, AZ 856 35
phone 520-459-4802 • ax520-459-0623
www .seetron.com ·sales@seetro n.com

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

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

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

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

• 2400/9600 baud seria l
• Font and 15 screens in EEPROM
• Easily draw poin ts, lin es, screens
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Get Note :
J7J..I A2Dcs
SHIFrIN A2D:Jata, A2Dclock , MSBPost, [note\9]
HIGH A2Dcs
note = note */ scale MIN ScaleMin
RETURN

The code should look familiar , we just used most of it
to read our volume pot . The difference now is that we're
us ing it to read ou r note. After reading the raw note value,
we want to scale it for the amb ient light and for our instru­
ment. Here's where th ings get a little tricky.

We're actua lly go ing to ca ll th is routine from our ini­
tialization section afte r setting the va lue of scale to $0100
- or 1.00 for use with the * / (star-slash) operator. What
we get, then, on this first read is the raw value of the ambi­
ent light. Let's go ahead and look at the initia lization sec­
tion.

control ou r no te. Replace the pot with the circuit shown in
Figure 3 for light control.

What we're go ing to do with this program is use the
light to control note value. While simple in concept, there
is a bit of trickiness here , because we don 't know how
much light is going to be falling on the photocell when we
start. What we need to do then, is scale the program on
start-up to the ambient light.

When the program starts , we' ll read the ambient light
with our A2D sub routine:

Setup :
HIGH A2Dcs
scale = $0100
GOSUB Get Note
scale = SealeMax * $0100 / note
GOSUB Get Note
last = note
velocity = 96

scale = 96 * 256 / 153 = 24576 / 153 = 160

Remember that we' re using integer math in the
BASIC Stamp, so we may ge t a s light rounding error. Also
keep in mind that the value of scale is be ing used with *[,
so it actually represe nts un its of 1/256. In ou r example,
the equivalent fractional value is 160 / 256 = 0.625.

With the scale value set, we read the sensor again
(which should give us the same raw value), but this time
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What I want to focus on is th is line:

scale = Sca l eMax * $0100 / note

Like many, I monitored the post-holiday sales and
found a MIDI keyboard at RadioShack for less than
$ 100 .00. It's not a full-sized keyboard, though, and the
highest note value it can play is 96 . That's the value that
ScaleMax is set to .

By shift ing the ScaleMax value into the upper byte of
scale, then dividing by the ambient light reading, we end
up with a [fractional] value in scale that sets the ambient
light level to the highest note on the keyboard. Let's step
through the process.

If the raw value of note is 153, we get:

+5

2
ADC0831

+5 +5

. +5

6

Figure 3

Figure 2

To ADC0831 C}---.

Easy. With eve ry­
thing in place,
SEROUT sends the
MIDI command to
ou r inst rumen t.

You may wonder
why we don 't just
use RCTIME to read
the potentiometer.
The reason is that
RCTIME is a time­
based function , and
can get quite long at
large pot values. By
using the ADC0831 ,
the time to read the

position of the pot is the same, regardless of its position.
This st rategy also lets us use other control [voltage]
sources for the velocity level.

The advantage of keeping everything modular is that
we can make sectional changes without upsetting the
overall program design. It keeps the main loop organized
and, with appropriate subroutine names, self-document­
ing of its behavior. Take a look :

Main :
CO

Music By Light

GOSUB Get Keys
GOSUB Get-Velocity
GOSUB Play Notes

LOOP -

END

Very clean, isn't it? Technically, the END command is
not needed in this program, but it's my programming
habit to put it in between the main program loop and sub­
routines section. That way, if I add an EXIT command to
th is loop , I won 't run into any unusual program behavior
by having the code crash into the first subroutine on a
loop exit.

We just saw how we could use the ADC083 1 to set
our volume by reading a pot. Let's create a new type of
instrument by letting the light falling on a CdS photocell

--+-- -
88



the scaling returns a note value of 95 - pretty close to our
scale maximum.

153 */ 160 a 153 * 0.625 = 95

I'm not worried about the scale value not reaching the
end of the keyboard because I actually want the keyboard
not to play when the ambient light is falling on it. Here's
the rest of our simple light-controlled MIDI instru ment pro­
gram:

Main :
GOSUB Get Note
note = (note */ NMix) + (last */ lMix)
IF (note = l ast ) THEN Main
IF (not e > HighNote) THEN Last_Off

New On:
SEROUT MidiOut, MidiBaud, [NoteOn, note, velocit y]
PAUSE 5

Last Off :
SERoUT MidiOut , MidiBaud, [NoteOff , last , 0]
las t = not e
GOTO Main
END

For a moment, let 's skip past the line that follows the
call to Get_Note and see how the rest of the program
works. The first thing we're go ing to do is look at the cur­
rent note and see if it's different from the last. If not , we'll
go back and look again , waiting until we get a note
change.

Once the note changes, we'll make sure it's in range.
If not, we'll silence the instrument by jumping to Last_Off
which will kill the last note we played. If the new note is in
range, we'll play it and then wait just a bit before silencing
the last one. This will mix the notes slightly an d make the
transition between them a little smoother (depending, of
course, on the voice we have selected on the MIDI instru­
ment).

Okay, let's go back and look at that line I sk ipped.

note = (note */ NMix) + (last */ lMix)

What this line does is apply a very simp le digital filter
to our input so that the note value doesn't jitter arou nd so
much - which can be incredibly annoying when this pro­
gram is actually connected to a MIDI keyboard . What it
does is slows the changes between notes.

In the constants defin ition of the program, you'll find
these lines:

between notes . If you'd like a faster transition, you can
increase the MixPercent constant value.

This is a fun program to play with, but you really need
to be ca reful with voice selection on your MIDI keyboard.
Some voices sound great; some are just horrible. You can,
of course , expand on the program by adding a second
ADC083 1 for volume control as with our keyboard pro­
gram. Or, you could use a couple of sonar or IR-range find­
ers as control inputs . The possibilities are wide open.

Before I leave this program, I'll answer the question
that a few of you are asking yourselves: Why did I use PBA­
SIC 2.0 programming style when all the cool new features
of PBASIC 2.5 are available to me? Because the 2.0 syn­
tax made the program easier to read and was a direct
reflection of my program flow-chart (yes, I still do that ­
and you should too). Don't believe me? Well, here's what
that program looks like using PBASIC 2.5 syntax:

Main :
00

00
GOSUB Get Note

note = (note */ NMix) + (l a s t */ lMix)
lCDP UNTIL (note <> last)
I F (note <= HighNote) THEN

SEROUT MidiOut , MidiBaud, NoteOn, note, velocit y]
PAUSE 5

ENDIF
SEROUT MidiOut, MidiBaud, [Not eOf f , last, 0]

last = note
lCDP
END

This works exactly like the code presented above but,
in my op inion , is not nearly as easy to follow. My point is
th is: Just because we can do something, it doesn't mean
that we s hou ld . A good programmer will always write
clea r, concise code, and the clearest code is not necessar­
ily the fanciest.

Conditional Compilation,

One of the neat new features of the new BASIC Stamp
compiler is called "conditional compilation." What this
allows us to do is to selectively compile portions of the pro­
gram based on internal or user-created symbols.

Before we get to the details, let me show you some­
thing that's at the top of this month's MIDI programs:

#SELECT $STAMP
#CASE BS2, BS2e, BS2pe

MidiBaud CON $8000 + 12

MixPercent
NMix
lMix

CON
CON
CON

35
$100 * MixPercent / 100
$100 - NMix

#CASE BS2sx , BS2p
MidiBaud CON

#ENDSELECT
$8000 + 60

This should look somewhat familiar, since we just dis­
cussed a technique for finding the appropriate value for
scale when using the */ operator. What this code does is
sets the value of NMix (new mix) to 35% and LMix (last
mix) to 65 % (100% - 35%). Our program, then, reads a
new note, then mixes 35 % of the new value with 65% of the
last note value. This slows and smoothes the tran sition
MARCH 2003

As you know, $STAMP is an internal symbol that tells
the compiler what version BASIC Stamp we intend to com­
pile for. The conditional #SELECT·#CASE structure lets
us analyze that symbol and set the MidiBaud constant
according ly. This is really convenient for programs that
you may be sharing with others and you're not sure which
BASIC Stamp they'll be using.
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Error

MARCH 2003

READ eeAddr, char
IF (char = 0) THEN EXIT
DEBUG char
eeAddr = eeAddr + 1

IroP
RETURN

Space Saving

There's another new feature in PBASIC 2.5 that we
can use to save EEPROM space. As you might know by
now, long program lines that have comma-delimited lists
can be split across multiple lines at the comma breaks.
For example, this code:

Msgl DATA "The BASIC StaIrp is an amazing microcontroller . " , CR,
"I can 't imagine my life without it! " , a

Msg2 DATA "My other car is a BASIC Starrp . ", a

Can be changed to:

DEBUG "The BASIC Staup is an amazing microcontroller . " , CR,
"I can 't imagine my life without it !"

And we end up reducing the size of our compiled pro­
gram by a few bytes because there is only one call to
DEBUG. This works for SEROUT too because, in fact ,
DEBUG is SEROUT with the compiler setting the pin to
16 and the baud rate to 9600. Over the course of a pro­
gram - especially with a lot of serial output - we can
save enough space with this technique to make a differ­
ence.

If you have lots of long strings in your program,
another space-saving strategy is to store them in DATA
statements and call them when needed. I prefer to use
zero-terminated strings so I can embed carriage returns in
them. Like this:

DEBUG "The BASIC Staup is an amazing microcontroller . " , CR
DEBUG "I can 't imagine my life without it !"

Print String :
00-

Then we can send the string to any serial output with
a simple subroutine. All we have to do is point to the
string by setting the value of eeAddr before calling this
code:

Storing strings in DATA statements makes them eas­
ier to find when making changes or translations too.

Okay, that's enough for this month. Happy Saint
Patty's Day for those of you who share my Irish blood [on
my mother's side) - and also to those of you who simply
enjoy another reason to have a celebration. Slainte (to
your health!) and Happy Stamping! NV

Ir........6i( ·..·...11
............................ ,

You need a Stamp with SPR flo' fur this program.

Figure 4

As you might expect, there is also an #IF·#THEN.
#ELSE structure , as well. Let's look at another quick
example:

# DEFINE Symbol { = value}

If the optional value is not supplied, the compiler
assigns the value of -1 (65535) which evaluates as True
in expressions. If, during the evaluation of an expression,
the compiler finds an undefined symbol, it will treat that
symbol as defined with a value of zero (False).

Here's how we might use this new tool. Often, as
we're developing a program, we'll insert DEBUG state­
ments to tra ck the progress of program variables. When
everything is working, we can take them out since they
just consume EEPROM space and slow the pro gram a bit.
The problem is when we make a substantial update to the
program, we en d up putting those DEBUG statements
back in. There's anothe r way. Let's start by defining a cus­
tom symbol:

#DEFINE DebugMode = 1

Then, at an appropriate place in our program, we can
create this block:

We can turn the DEBUG statements on and off by
changing the defined value of DebugMode (1 for on, 0 for
off). Another approach for removing a symbol is to com­
ment-out the #DEFI NE line. And don't forget that #IF­
#THEN includes an #ELSE block for additional flexibility.

This should be pretty easy to understand: If the
selected [or connected] BASIC Stamp is a BS2 and,
therefore, doesn't have scratch pad RAM, the program
won't run (like internal errors, user-defined errors halt the
compiler and are flagged) . The #ERROR directive works
like DEBUG, but creates a standard Windows error dialog
as sh own in Figure 4. Pretty cool , huh?

It's important to understand that the co m piler sc ans
your program for cond itional structures prior to the ac tu­
al compilation process, so variables and program con­
stants cannot be used in the conditional compilation
expressions. For flexibility, the editor allows us to create
custom symbols. The syntax is:

#IF ($STAMP = BS2) #THEN
#ERROR "You need a Staup with SPRAM for this program. "

#ENDIF

#IF DebugMode #THEN
, put DEBUG statements here

#ENDIF
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The Business of Electronics Through Practical Design and Lessons Learned

In The Trenches
Design for Production

Producing a product in quantity
and for profit is very different
from putting something togeth­

er for your own use. There are many
factors that have to be addressed at
the design level to make your product
easy and cost-effective to manufac­
ture. And, if you fail to do so , at the
least you'll lose profit margin, at the
worst you'll lose money. Testing , quali­
ty control, and assembly costs will be
examined. You'll find that common
sense and attention to detail are
extremely useful.

SMT vs, Through-hole
Arguably, the most important fac­

tor is the PCB (Printed Circuit Board)
layout. (This assumes that the PCB is
the major component in the product.)
The first thing to consider is through­
hole or SMT (Surface Mount
Technology). Through-hole is the
more common procedure for hobbyist
assembly. This uses leaded compo­
nents and is easy for manual assem­
bly. SMT uses leadless components
(chip resistors, etc.) which can be
extremely small and sometimes
impossible to assembly manually.

Typically, SMT PCBs are assem­
bled with automated pick-and-place
machines and are soldered as a whole
PCB in another machine. Generally,
SMT is the preferred approach for pro­
duction because it is usually more
cost-effective than through-hole.

However, choosing between
through-hole and SMT is not always a
simple task. SMT requires a significant
amount of production set-up time .
Naturally, this costs money.
Additionally, the SMT machines are
expensive. So, a substantial up-front
investment is required. On the other
hand, SMT production can be extreme­
ly fast and extremely consistent.
Through-hole assembly is slow and
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prone to human error. But, a soldering
iron is cheap. And, there is no set-up
time , so you can make 10 or 20 PCBs
reasonably.

Note: It is possible and sometimes
practical to use "large" SMT parts and
hand solder them. A skilled assembler
can solder ICs with 0.050" lead pitch
(SOIC types) and discrete parts down
to 0805 size using a standard needle­
point soldering iron without too much
problem. However, re-work is difficult
and slow. Getting smaller than this cre­
ates many problems. Special soldering
irons ($500.00) are available for fine­
pitch ICs (0.035" to 0.013" and getting
even smaller). These are made for PCB
re-work rather than assembly.

While such an approach may be
feasible for a couple of prototypes, it's
not practical for production. (The fairly
new "Ball-Grid-Array" IC form factor is
impossible to solder by hand because
the solder balls are on the bottom of
the IC and are simply not accessible
with any manual tool.)

By the way, the thickness of a
business card is about 0.013". Do you
really think you can solder two leads
this close together without shorting
them? And, then repeat that for the
other 98 leads on the 1DO-pin IC?

There are a few basic ideas to con­
sider before you choose between SMT
and through-hole designs. First: do not
mix SMT and through-hole . Your
design should be either all one or the
other. A half-and-half mix is the worst
possible choice. This requires BOTH
machine and hand operations. It's the
most expensive approach.

Sometimes, on a SMT PCB there
simply are no SMT parts available
(power resistors, displays, special con­
nectors, etc .). If it's just a few parts, it's
probably okay to go SMT. Do not put a
few SMT parts on a through-hole PCB.
Especially do not put a fine-pitch or
ball-grid SMT IC on a through-hole

board. Remember, a machine is used
for SMT assembly. So, putting one or
100 SMT parts on a PCB means little
to a machine. If you absolutely have to
put a few SMT parts on a through-hole
PCB, consider putting the SMT pa rts
on the other side of the PCB. In this
way, the machine can assemble and
solder these parts as a separate opera­
tion. This is discussed in a little mo re
detail below.

The second thing to consider is
volume. Is your product going to be
produced in lOs or 100s or 1,000s or
10,000s? The larger the volume, the
greater the need to use SMT. If produc­
tion is in the 100s, SMT should be the
clear first choice. The more complex
the design , the greater the need to go
to SMT. A PCB with 250 parts should
use SMT at a much lower volume than
a PCB with 25 parts.

Another consideration is
size/weight. SMT is generally smaller
and lighter than through-hole designs.
SMT can save substantial costs simply
by reducing PCB size (remember you
pay for PCBs by the square inch).
Reliability is better with SMT. If your
product needs to be repaired in the
field, then through-hole may be better.

PCB Layout
How you layout and route the

PCB can have a significant impact on
production cost and reliability. Use as
large traces and spaces as possible.
This makes PCB fabrication easier and
less expensive. It also increases relia­
bility by reducing shorted and open
traces. (Generally, I try to use 0.020"
traces and 0.015" spaces.)
Additionally, wider traces yield lower
impedance which improves high-speed
performance and usually reduces EMI
(Electro-Magnetic Interference).

Manually laying out the PCB takes
time . But, if done properly, this can
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have a great impact on cost and relia­
bility. Good PCB layout is sometimes
more of an art than a science. First,
the proper general placement of parts
can be critical. The idea here is to
keep all traces as short as possible. A
good schematic diagram can go a
long way in showing the proper parts
relationship.

Note: It is best if the design engi­
neer lays out the PCB. This way he
can make simple design changes to
ease the layout. For example, using
different op-amps in a quad op-amp
package may make layout easier. Or
changing address/data lines to mem­
ory ICs. (It often doesn't matter if D1
of the RAM IC goes to D1 of the CPU
as long as these lines are not used by
a different part.) There are lots of
these "tricks ." Too many to be noted
here. Just look at the circuit and the
layout and determine what must be
fixed and what can be changed. Then
lay out the board with these aspects in
mind. Sometimes - especially with
embedded systems - simple software
changes can simplify the layout,
as well.

Orient common polarity-sensitive
components (diodes, ICs, etc.) in the
same direction. This means that all
diodes have the "+" side in the same
direction and all ICs have pin 1 in the
same direction . (It doesn't mean that
all diodes and ICs have the "+" side
and pin 1 in the same direction.) This
helps to prevent mistakes in assem­
bly, tes ting, and re-work. You can ori­
ent components at right angles, too.
But, again make sure common polari­
ty-sensitive components are all orient­
ed in the same direction.

When using discr ete SMT parts
(resistors, capacitors, etc .), try to
select parts large en ough for a trace to
pass between the pads. This is impor­
tant because it makes layout much
easier and uses many fewer vias.
(Fewer vias means slightly lower cost
and increased reliability.) It should be
noted that any discrete analog design
that uses a through-hole approach
can be accomplished with a single
layer PCB. Virtually any analog design
(using SMT op-amps) where a trace is
allowed between the pads of discrete
SMT parts can also be accomplished
on a single layer PCB.

This gives you a choice. The first
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that you can use a cheaper single­
sided PCB which doesn't require plat­
ed through-holes. This is probably
only a significant advantage in large
quantities.

The other option is to use the sec­
ond side as a ground plane. This can
significantly improve performance
(reduce noise and EMI and allow
increased speed). Note: Auto-routers
generally fail miserably with single­
sided designs. Additionally, they can­
not tell the difference between high­
current lines and sensitive input lines.
This can lead to strange and difficult­
to-find problems.

I've never found a reasonably­
priced auto-router that worked well.
Even the high-priced routers have
problems. Note: This is not to say that
PCB routers are bad. They can be use­
ful. It's just that using this software
removes your experience and knowl­
edge from your design. Instead, you
place your trust in a programmer you
don't know and who may not know
much about the practical aspects of
PCB design.

PCB Layers
Unless you have a very complex

digital design or noise-sensitive ana­
log design, or are required to use very
dense , high-pin-count ICs, you should
be able to use an ordinary two-layer
board (double-sided) . In fact - in the­
ory - any board can be routed using
two layers. Going to four layers gener­
ally doubles the cost because a four­
layer board is essentially two doub le­
sided boards glued together. More lay­
ers are proportionally highe r in cost.

Ifyou need to put a few SMT pa rts
on a through-hole board, it is often
better to use the second side for these
parts. This is because the wave-solder
technique is usually used for through­
hole parts and infrared (IR) reflow is
used for SMT parts. Through-hole
parts may not be rated for IR reflow
heat. By placing the SMT parts on the
other side, the through-hole parts are
on the bottom during IR reflow. In this
way, the PCB's shadow helps to pro­
tect the through-hole components
from heat. Check with your assem­
bler. They can give you specific guide­
lines for your specific situation.
Putting a few through-hole parts on an

SMT board is typical. This generally
requires hand assembly and soldering
of these parts. Obviously, the more
parts, the greater the cost for this .

One layer that is often forgotten
about is the silk screen. This layer can
be extremely helpful for assembly,
test, and repair. Don't be afraid to put
notes on the silk screen. It doesn't
cost any more. Label connectors with
the function , as well as the reference
designator (e.g., "Jl Serial Port"). I try
to label the parts twice; once to be
covered by the part during assembly,
the second time for identification after
assembly.

Labor Costs
Very often newcomers fail to

understand that the most significant
expense is usually labor. You can
expect to pay $25.00 to $35 .00 per
hour for labor. This is the "loaded
labor" cost which includes: salary,
benefits, rent, heat, facilities , and
everything else needed to support
that person's job.

This means that soldering single
wire can easily cost $2.50. Here's how.
The wire must be retrieved from stock.
It must be measured to size and cut.
The ends must be stripped and tinned.
Then the wire must be held in place
while soldered twice (once for each
end). Then, excess wire must be
trimmed from the bottom of the PCB.
Finally, the two joints must be inspect­
ed for a good connection. This can be
expected to take at least five minutes.
At $30.00/hour each minute costs
$0.50. So, a five-minute manual oper­
ation costs $2.50. And, if heat-shrink
tubing is needed (for example, on a
connector) , you can double this cost.

Obviously , this means that labor
must be minimized . Use PCB-mounted
switches and connectors. For manual
through-hole designs, use a single
more expensive part for multiple less­
expensive parts. You must streamline
assembly. Your initial design
approach must target labor reduction
as a major design goal. Take a look at
common appliances and electronic
products and see how labor is mini­
mized. Overseas labor (including
Mexico , et al) is much less than
American labor. This is why many
manufacturers assemble their prod-
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Conclusion
Design for Production is a concept

that tailors the development of a prod­
uct so that production costs are
reduced as much as practical. This pro­
vides the greatest profit margin. And,
for any product, the larger the profit
margin , the greater the chance for
financial success.

The approach is really quite sim­
ple. At every stage in the design cycle ,
keep in mind that someone is going to
make and repair the product. With that
in mind, Design for Production
becomes simple common sense. A lit­
tle extra time and effort during the
design phase can result in significant
time and money saved on each and
every unit that is produced. Doesn't it
make sense to spend $5 ,000.00 worth
of time once, in order to save $5.00
each on 10,000 units per year, every
yea r? NV

Everybody should be involved
from the start of the design cycle. In
this way, the production manager can
identify potential problems before pro­
duction starts. Hardware and softwa re
trade-offs can be decided much more
easily. Testing and quality control
become goals that everyone can see
and understa nd.

Your DYM shows the same shorted reading all
along the pcb trace. LeakSeeker 82B has the
resolution to find the defective component.
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect 's pad. Now
you can locate a shorted part only a quarter of
an inch away from a good part. Short can be
from 0 to 150 ohms

Locate shorted or leaky
components or conditions
to the exact spot in-circuit
Still cutting up the pcb, ......."'!'"'!'..

and unsoldering every
part trying to guess at
where the short is?

$179

Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
l YC, NASA and thousands
of independent service
technicians.

Communication and
Teamwork

We can see that the concept of
Design for Production is something
that must be considered at every stage
in the product's development. This
means - ideally - the same person
should pe rform every function
involved. But, it's not usually practical
to have one person design the hard­
ware, so ftware , layout the PCB, test ,
and prod uce a product. Instead, there
is a specialist for each area.

Unfortunately, these specialists
often tend not to talk to each other.
This means that the hardware is devel­
oped without regard for software, soft­
ware is developed without regard to
testing , and so forth. This creates prob­
lems . Obviously, design for production
suffe rs. But, additionally, the whole
product suffers. Instead of an integrat­
ed whole, the product is made up of
pieces forced to work with each other.
This takes additional development time
and can result in an inferior product. It
is clea r that teamwork is essential.

that uses obscure commands in pecu­
liar ways to perform a simple opera­
tion. I'm sure that you have your own
sto ry, too . Don't make your product
one of these failures.

Inexpensive enough to pay for itself in jus t
one day's repairs. At $179, it' s affordable.

And with a 60 day trial period, satisfaction
guaranteed or money-bac k 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.

The Standard for checking
Capacitors in-circuit

CapAnalyzer88A LeakSeeker82B
Available at yo ur distrib utor, or ca l/561 -487-6103

Electronic Design Specialists www.eds-inc.com

Testing and Quality
Control

ucts overseas. However, there are some
problems with this. Generall y, the lead
times are long (months) and the quan­
tities must be large . Then there is the
added cost and delay of shipping (usu­
ally by sh ip!). There are always the
problems of communication, docu­
mentation, customs, quality control,
and testing. However, once these prob­
lems are worked out , great cost sav ings
can be realized. (Just don 't expect this
approach to be painless.)

Producti on includes more than just
assembling parts. Those parts must
work properly. And, if they don 't, it
must be easy to fix. This is ca lled
"Design for Testing" and "Design for
Quality." We won't get too specific
here . There'll be other columns for
these topics. In fact, books have been
written on these concepts.
Nevertheless , in the initial design
stages, the ideas of production, tes ting,
and repair should be examined.

If you are using an embedded
processor, be sure to add special test­
ing routines. Leave enough roo m
between parts to connect test probes.
Use the silk screen to label test points
and even the voltage that should be
there. The list can go on
and on . The best approach
is to think of yourself with
an untested unit. What
would you want to test it?
What would make your job
easier? If you think about
this from the start, you can
design a product tha t can
be easily tested and
repaired. Note that these
statements apply to soft­
ware, as well as hardware.

I have witnessed prod­
ucts that are virtually
im possible to repa ir. For
example, a product that
requires complete disas­
sembly to change a fuse .
Or, through-hole ICs mount­
ed over SMT parts so that
access to the SMT pa rts
requ ires the desoldering
and removal of the through­
hole part. Or, software with­
out any notes or comments
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Tech Forum

QUESTIONS

I have a "Media Vision" CD player
(Model: Memph is) with a nice set of
detachable Bose spea kers . However,
the player is missing. I would like to
connect the speakers to another audio
source/computer, and I need the
pinout of the DIN connector attached
to the speaker cable. I believe Media
Vision is out of bus iness.
# 303 I Andy Kochek

Thousand Oaks, CA

I've always enjoyed singing my
own lyrics to popular songs
(parodies) . Karaoke's fine for th is, as
well as us ing the "difference channel"
of the origina l recording. It wou ld be
a great kick, however, if I could hear
the or iginal artist sing my lyrics.

This is a READER-TO-READER Column.
All questio ns AND answers will be
provided by Nuts & Volts readers and are
intended to promote the exchange of
ideas and provide assistance for solving
prob lems of a techni cal 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
implementat ion of any answer printed in
th is column may require varying degrees
of technical experience and should only
be attempted by qualified individuals.
Always use commo n 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@nutsvotts.com

ANSWER INFO
o Include the que stion number that
appears direct ly below the question you
are respondingto.
o Payment of $25.00 will be sent if your
answer is printed. Be sure to include your
mailing addre ss if responding by email or
we can not send payment.
o Your name ,city, and state, will be printed
in the magazine, unless you notify us
otherwise. If you want your email address
printed also, indicate to that effect.
o The question number and a short
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Impractica l as th is may seem, in this
computer age, though, I th ink it is
possible .

My thoughts a re a long the lines
of a DAW (Digit al Audio Work­
station ) such as "Pro Tools" or
"Digital Performer." Is there software
available tha t can do this? A scenario
might be , playing severa l of the
artist's tunes into the computer's
memory so it could "lea rn " th e
a rtist 's vocal cha racteristics ; th en
play the song you wish to parody ­
the lyrics come up on the sc reen, and
you edit them to yours . The playback
would now be the original tune, and
the a rtist sing ing the new lyrics.
Another way ma y be to sing the new
lyrics yourself, and digitally have your
recorded vocal characteristics alte red
to become similar to the a rtists . I

summary of the original question will be
printed above the answer.
o Unanswered questions from a past
issue may still be responded to.
o Comments regarding answers printed
in th is column may be printed in the
Reader Feedback section if space allows.

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

Information/Restrictio ns
o No questions will be accepted t hat
offer equ ipment for sale or equ ipment
wanted to buy.
o Selected questions will be printed one
time on a space avai lable basis.
o Questions may be subject to editing.

Helpful Hints
o 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).
o Write legibly (or type). Ifwe can't read
it,we'll th row it away.
o Include your Name, Address, Phone
Numbe r. and Email. On ly your name, city,
and state will be published with the
question, but we may need to contact
you.

think you get the general idea of what
I'd like to accomplish. I'm unfamili ar
with audio and musical software, as
well as the capabilites of DAWs in
general. If th e readers can enlighten
me, I'd be grateful.
#3 032 jo hn Agugliaro, CET

jAGUGL4546@aol.com

I'm looking for a very simple
oscillator circuit that would operate
off of three volts that could be va ried
in freq uency by a variable resistor
from 20-300Hz. It will power a small
transformer to invert the voltage to
50 volts at very low mAo
#3033 jam es Dinsdale

Almago rdo, NM

Is there an y reader who has
worked with A-to-D boards from
Intelligent Instrumentation (was
owned by Burr-Brown ) who knows
anything about a program that they
used to se ll called Visual Des igner? I
have an "evaluation copy" of this
program which I have working with
my A-to-D board, but they don 't sell
or support this program anymore
and the "Help" file just doesn't get
into enough detail with the problems
I'm having trying to get the data the
way that I want it.
#3034 Dale Blackwell

Brazil , IN

I have several Ademco Vista
model burglar alarms made in the
1980s that send signals to central
stations us ing a digita l signal similar
to a modem. I would like to use a
computer and modem to receive this
signal, but don 't have any idea how
to develop handshake signals. It is
my understanding these are only
1200 or 2400 ba ud. Has anyone
decoded the so ftware?
#3 035 Albert Balch

Seattle,WA

I have a remote control for TV,
VCR, and other equipment made by
Turtle Beach (a computer accessory
company) that has the capability of
also control ling XlO products. The
setting for XlO is software controlled
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and I need instructions on how to set
the house code on the remote.
#3036 Alber t Balch

Seattle ,WA

I recently acquired a Mars-Tech
hand sc anner (model Mars 105). The
end connector is a small eight-pin,
DIN-type connector (about the size of
a PS/2 end connector on a mouse). It
has been said the end connector on
the scanner might be Apple or Mac.

Does anyone know anything
about the scanner? Is there anyway to
convert or adapt the hand scanner to
be used with a Dell table top running
Windows? Can it be done without
major surgery?
#3037 Veri Wooters

Centralia, IL

ANSWERS
[11021 - NOV. 2002]

I need a circuit diagram of an
LCD dispLay eLectronic compass
that when going north wouLd
dispLay an N on the screen, south a
S, northwest as NW, southwest as
SW Or companies that suppLy kits.

# I Check out Digi-Key's catalog
online at www.digikey.com . They
sell magnetic sensors. Manufacturer's
links may turn up data sheets with
sample circ uits. You can also try
using Google to search for electronic
circuit and kits sites.

G. E. Brown
via Int e r net

#1 A "dead-reckoning" sub-system
(one tha t retains its sense of direction)
suitable for incorporation on robots is
sold (and can be mail ordered) from
JAMECO Electronics (in Belmont,
CA). The preassembled un it is
available for a very reasonable price.

Thomas Ng
San Jose, CA

[ I 1022 - NOV. 2002]
I have a Raytheon RL9 Radar

for a small boat made by JRC. The
power suppLy board H-
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[12024 - DEC. 2002]
I have an IBM Thinkpad modeL

500 (2603) without a floppy drive. It
uses an externaL fLoppy drive part
#590 79 18 with a cabLe #590 7925. I
have a drive #4 1H7445 with
attached cabLe. I think the drive
wouLd work if I couLd re-w ire the
cabLe and put another connector on
it. Can anyone teLL me if I can do this
and how? Or am I stuck with using
it without the fLoppy?

#1 I have an IBM Thinkpad 760,
which uses internal plug-in floppy /
CD/ extra battery depending on which
you wish. I have seen so me of the
other series that us e the sa me floppy
drive internally. I a m not familiar with
the 500 series, so I do not know if they
have this fea ture or not.

I recently needed a replacement
for the IBM and searched eBay, and
found a suita ble replacement. Mine
had a mother board failure, but buying
another 760 allowed me to swa p the
hard drive in my recently departed,
and retrieve all the data , and continue
with only a small hiccup in op eration.
I paid something like $1 50.00 for the
complete computer. You might search
for the specific drive nee ded. There

7PCRD1331B CBD·1245 - has two
pairs of power FETs for the
oscillator which tested bad. The
FETs are 2SK1112 and 2SJ239. The
diagram of the power suppLy calls
for a 2SK1306, but there is a
2SK1112 on the board. I need to
find suitabLe repLacements and a
source for these two pairs of FETs.

Digi-Key (www.d ig ikey. com) is
a supplier with links to manu­
facturer's sites. International
Rectifier's cross reference lists their
IRL530N as a close replacement for
the 2SK 1306. Spe cs are: TO-220, n­
chan, 100V, 17A, 0.10 ohm, fast
switching, and logic level gate. The
2SK 1112 cross reference is to a
surface mounted part. Spec sh eets
available at the site .

G. E. Brown, via Internet

were some computer floppy drives
aftermarket a few yea rs ago that
plugged into the pa rallel por t of the
co mp ute r, and as long as you have the
drivers, you could use them as if they
were or igina l equipment. I had a
couple 5.25s several years ago, and
they worked well. They would work on
any computer as long as it had a
pa rallel port, and the y did not requi re a
brand specific interface.

Ed Pruitt
Keller,TX

#2 The older IBM FRU #59G79 18
floppy drive used in the IBM Thinkpad
is a TEAC brand and has a Dell label
and has been replaced by the IBM FRU
# 1OH4056 external drive. TEAC also
makes these for IBM, HP, etc. Different
Thinkpads require diffe rent IBM
cables, but usually if you 're using this
as an external drive or as a spare, you
won't need a new cable. The best
source for info rmation on these
external drives and cables , pricing and
availability is at www.facstaff .b
ucknell. ed u/find e is/f1opinfo.html.
IBM's toll free parts number is 80 0­
388-7080.

Art hur Hazbo un
Harbo r City, CA

[2033 - FEB. 2003]
A PC moth erboard comes with

IrDA connection pins on it. I am
Looking for a generaL, cheap, and
simpLe Ir DA adaptor circuit
(schematic) which I can connect to
the PC mo therboard connectors to
receive remote controL sig naLs and
aLso to communicate betwe en the
IrDA devices.

The information for th e
motherboard IrDA port ca n be found
at www. irda.org. In particular, look at
www.irda.org/standards/pu b s /
IrDA_Dongle_Vlp2.pdf. The dongle
includes electronics to convert the
IrDA modulation sch eme to th e
motherboard signal levels. The spec
describes the sign als on the
motherboa rd con necto r, the external
connecto r, and lists several possi ble
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[2037 - FEB. 2003]
Has anyone interfaced a PIC

with a standard ISA Ethern et
netw ork interface card so th at no
PC is involved? I had an idea that I
cou ld p lug them in to little rov ing
gadgets. The whole th ing would
look someth ing like an octopus (the
body would hold the hub) on
rollerskates.

# I Yes, the PIC has been interfa ced
to ISA network ca rds by several
people. One of the best descriptions
I have seen was the article in the Oct.
2000 issue (# 123 ) of Circu it Cellar
magazine, pg . 12 , by Edward Cheung.
It inte rfaces a PIC 16F877 to an
NE2000 compatible ca rd. The article
a lso cites several resources that will
be help ful in such a project.

Be warned, connecting anything
to Ethernet is not a quic k or simple
project. All the protocols required are
rather complicated, especially when
trying to shoehorn them into a small
microcontroller. Pioneers such as Mr.
Cheung have blazed the trail making
it a little easier, but don 't expect an
easy project. Ci rcu it Cellar has
published many articles in th e last
severa l years on connecting
microcontrollers to Ethernet and the
Internet and I recom mend you check
their web site
(www.circui tce llar.com) and there
is a lot of relevant information on the
web , just do a search for something

chips. (The IRDA co nnector on myoid
motherboard is different - it only has
five pins: VCC, GND, TX, RX, and nc.

Most motherboards probably do
not support FIR (fast data ) rates. The
10-pin IrDA connector allows
autom atic configuration.

More information can be found in
the IrDA Design Guide at www.in tel­
u-press.com/usb_dbe/ Chapter09I
IR/IRDAdg.pdf. It provides informa­
tion about hooking an HP HSDL-100 1
to a motherboard (AKA SuperIO ) IrDA
port. See also the list at www. lntel-u­
press.com/usb_dbe/Chapter09.

The simplest thing to do is just
buy an IrDA dongle and use standard
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like "Ethernet mic rocontroller" and
you 'll probably be overwhelmed.

W illiam R. Cooke
Cla rk sville TN

# 2 There are several web pages
that describe how to interface PIC
microprocessors to PC ethernet
ca rds . My favorite is Simon Floe ry's
"picnic" project which uses a 16F877
and standard NIC ca rd to implement
an embedded web server. Visit http:
Il mem ber s.voI. atl ho me. f'loery/
electronlx/plcnlc/.

While surplus NIC cards are easy
to come by, I would recom mend that
you consider a design that interfaces
the PIC ch ip directly to an ethernet
controller Ie. Fred Ead y describes his
"Pa cket Whacker" inter face boa rd
which uses a Rea ltek 's popular
RTL80 19AS at www.ch ipcent e r.
com/ circuitcellar/ octoberO1/ c100
lfe5.htm. Microchip sells what they
call the PICDEM.NET demonstration
board complete with TCPl IP stack
and web server firmware. Even if you
don 't wish to spend the $200.00 for
the demo board, you can learn alot
about what it takes to support TCP/ IP
in a PIC controller at the PICDEM.
NET web page. Visit www.microch ip
.c om]down load/ tools/ p lcmlc ro /
demo/pdemnet/51240a.pdf.

john Mon talbano
Middletown, Nj

jr m o nt I@att.net

OS drivers . The operation system
drivers sho uld handle the packet
formatting, checksu ms, and
interr upts. The dongle spec also
des cribes interfacing a Consumer-IR
transceiver, but I do not know how
those devices are accessed from the
oper ating system. Consumer-IR
probabl y does not allow the reception
of arbitrary remote-control codes.

Gerald Roylance
Mountain View, CA

[2035 - FEB. 2003 ]
I'm interested in producing

power from a wind-driven
generator. Sho uld I use a large 32-

volt DC Baldor motor that I
salvaged from a golf cart? This
motor is a shunt-type DC with an
extra set of brushes (four brushes).
The extra set must be for reverse?

I have spun the motor w ith a
belt and another motor, but i t
doesn 't produce electricity. I have
disassembled the motor and it's
possible to isolate the field from the
armature. Is there a circuit to excite
the field and turn this motor into a
brute-force, blade-driven gene rator?

A DC motor that has its field
winding connected to the same power
rails as the armature, called "shunt
wound," can indeed be used as a
generato r, yet it has some rath er
awkwa rd characteristics. Speaking
from recent expe rience, the outp ut
voltage is very sensitive to armature
speed, an d its sta rt-up characteristic is
dependent on the so-called "residual
magnetism" of the iron in the pole
shoes.

If it ha ppens that residual
magnetism is no nexistent , then
spinn ing the a rma ture will not
produce any output current at all. A
sh unt-wound ge nera tor pulls itse lf up
by its own bootstraps and so unless
there is enough residua l magnetism to
create a magnetic field across the
armature, even while the armature is
not sp inning , the n it has no boo t
st raps to grab hold of. For
experimental purposes, you would be
bette r off with separate excitation of
the field winding, and that would also
enable you to develop methods for
contro lling the generato r output by
controlling the cur rent through the
field with perhaps a transistor-based
regu lator circuit.

Once the field winding is isolated
from the armature , you can excite the
field with a battery in series with a
rheostat. Check field continuity so
that you know it will pass a current.
Then monitor the voltage across the
field while adju sting the rheostat.

With the armature sp inning, the
rheostat sho uld give manual control of
the generator output.

jack De nn on ,W arrenton, OR
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Removab le Hard Drive Rack
ALUMINUM FRAME &
J COOLING FANS I
AUT O·CLO SE FRONT DO OR!
OUR NEW " BEST CHOICE" Hard Drive
Rack features alum inum fro me & ca rr ie r
for rugged performance & heat d isippatio n.
Also. J inte rn al cooli ng fans prov ide even I~itlll.~~
m o re help with hea t d issipation . Includ es
key lock, LED activity Iight,Auto-e je« han dle desig n &
gro und wire . Availablefo r IDE ULTRA DMA 66/10 0/ 133 & as much!
.1", ultra wide SCSI ve..lonAMR_3F (IDE Ultra DMA)••......•.....$17.95

AMRlUWSCSI (ultra wide SCSI)•.$22.95

:~=..:=-==-=-==

24-960 Hour Time
LapseVCRis
12VDC version and
120VAC version

only $319.00!

Details @ web site under
miniature camera section

High Tech Video system w Audio
Includes TWO BIW Camera s w sound & I.R . (night vision) ONE 5.5; 81W
.\rlonilllr wilh Built- In adju stable S witchingtfrom 1 to 20 .'fif!cimd.\) & two 60
It.pre-wired cables. Evet'ythi ,,/J.}'ou need to set up a high tech "ideo
monitoring system at home. office-restaurant warehouse or use it as a baby

monitor. Easily hooks int o VCR/or Videa
• Recordlng alsa item # Dual View

Fantastic Price! FREE U PS

$119,00 ea ~:I~~~~G!
($lO~,OO e~, gty 4) l'5:ml View

view extensive detaJls@ web site

Super Economy DMM
1999 counts LCD Display, 1 10 50+

I~~";,~~:~~t~ $9.99 $7.99 $6.99
AudibleCcnnnulrv "DC Volts:200mJ2VI20V/200V/600V
Rubber Boot • - AC Volts:200/600
Included -DCCurrent: 200u/2mJ20mAlIOA

Includes : R.esistance: 200/2K120Kl200Kl2~1

test leads SIZe: 138 x 69 x3 lmm

newt~ Bench Digital Multimeter
'Digital & AnalogDisplay. 3999 counts &
42 segment bar graph. W RS232C
•Autorange & Manualrange
'DATA HOLD. MinIMax Relative Measurement
'StorageData DISPLAY/RECALL
' True RMS f ACvoltage& current Ite m#
' Back Light
' ADPMeasurement 4OOmV+I-3% CSI9803R
' Continuity& Diode test S d '1:-@~-lIiI!"'b'
' PowerSoun:e:ACorDC ce etal s w e s It e

Digital Read Out 3Amp Bench Power Supplies

Available in 0-30 volt & 0-50 volt versions

CS130 03 :0-30v/0-3ampl -4 / $89.00 5 +/ $85.00

CSI5003 :0-50v/0-3amps 1-4 / $99 .00 5+/ $95.

Bookmark our WEB Site!Many morePower

Supplies are Available. Look Under Test Equipment

Protek 40, 60 & 100 MHzOsciUoscopes
AMAZING Brand New SCO PE DEALS

2 Channel Not Refurbished!
Dual Trace VALUES! includes 2 S' ~C:OD~e~D:r!:O:b:e~s'!!'ll••:-_ - igh stability digital read-out bench power supplies
6i Internal Grid 4 0MHz o n ly $319,00 t featuring constant voltage and current outputs. Short-
ALTMAG 60M Hz I $399 00 circuit protection and current limiting protection is
ALTTRIG on y , provided. Highly accurate LED accuracy and stable line
TV Svnc 100MHz only $749,00 _... _.. to regulation make the 3000 series the perfect choice f

• (Limired Time Offer) - ! ...;,. _!'- lab and educational use. N '
See a ll Details @ web-tronics.com unner Test Equipment Line Regulation: 2xI0" +Ima ew , ,

LED Accuracy: Voltage ±I%+2 digits Lower Prices
Current ±1.5%+2 digits

Wave Line Noise: ,,1mvrms
Dimensions: 291mmx 158mm x 136mm

CCD B&W Board Cameras
• ASIC CCO Area Image Sensor
• Extremely Low Power Consumption
• 0.5 Lux Min Illumination
• Built-In Electronic Auto Iris for Auto

Light Compensation

VM1030PA-B 30mmx30mmx25mm, Pinhole lens, 12V 39.00 any qty.
VM1030A 30mmx30mmx26mm, Standard lens, 12V$39.00 any qty.
VM1035A 42mmx42mmx25mm, Standard fens, 12V with back light compensation '49.00 any qty.

VM1036A 32mmx32mmx25mm, Standard lens 12V, reve rse mirror image feature $49.00 any qty.

VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEOs, 12V$49.00 any qty.

B&W, Color & Powerful Night Vision
Model ~-----
, Smart Rugged Metal Housing etal/ed Specs on
• Extrememly Low Power Consumption the Web
, 12 Volt
• CCD Area Image Sensor for Long Camera Life
• Built-In Electronic Auto Iris for Auto Light Compensation
• No Blooming, No Burning
• 0.1 Min Lux Illumination (B & WJ, 1 LUK Min LUK Illumination (color)

VMBLT1020 B&W,21 mm(D)x55mm(L) $49.00 any qty.
VMBLT1 020W B&WWeatherproof, 21mm(O)x58.5mm(L) $69.00 any qty.

VMBLTJC19BW COLOR!Weatherproof , 17mm(D)x88mm(L) $109.ooany qty.

WDB-S007S Powerful night vision camera(56 lR LEDS) $159.00 ($139.00/ 5+)

Hand-Held 3.0GHz U n iver sa l C o u n ter
: 1 ~ digit LCD Display . with Field Strength
High sp.eed 300l\lHz direct counter wO.IHz Measurement
resolution $129 00

-50 ohm input for full range 1MHz to 3.0GHZ In cludes: '
coverage "extendable/retractuble whip antenna

- Ultra sensitivesynchronous detector 16 segment - l ntern al 4AA Nlcad ban pa ck
bargraph display of RF signal strength (600nrAH)
- 4 selectable gate speeds - 9VDC 500nrA wall pl ug-in cJrarger
- hold switch locks display ,
- low power consumption (6 hr nicadoperation)

Extensive Details www.web-t ron ics.co m

.....Protek's Best DMM WeSoidOverBOOLastYearl
with RS-232 Interlace & Software. 3-31-4 Digit, 4000 Count,Auto-Ranging with Analog
Bargraph ..:,

• True RMS Mod e • Pulse Signal for Logic & Audible Test
• IOMHz Frequency Counter • Cont inuity/Diod eTest
• Time Mode withAla rm ,C1ock.and Sto pWatch · LogicTest
• Dual Display • Auto Power O FFf'Keep ON" Mode
• 10 Location Memo ry • Fused 20A Input with Waming Beepe
• Min, Max.Avg and Relative Mode • Backlight
• DecibelMeasurement • DataHold/Run Mode
• Cap and Ind. Measurement • Safety Design UL1244 & VDE.Q.411
• Temperature Mode (CIF) • Protective Holster
• KTypeTem perature Pro be Included • SiliconTest Lead s

Item # PROTEK 506

r



~ SoftTube Heatshrink

2:t shrink ratio @ L
Sold in 4 ft lengths
Sold Bulkon Spool
Extremelv Low Prices
Many diameters LOW
Many colors PRICESl

PLEASE VISIT OURWEBSITE
FOR SELECTION & PRICES
www.WEB-TRONICS.com

I n n o v a t iv e 5 in 1 DMM
IntegratedSOUN
LIGHT/H UMIDI
SENSORS

DCVIACV IRES/
CAPIFREQ.ffEMP
RHILIGHT/SOUN vl
CONTIDIODE

CSI 820\49.00

More Information (ij)
www.wi!li-tromcs.com

Visit our web site & view
our extensive offe ring ofnew
FLUKE T EST EQU IPMENT.
Just go to our hom e page &
selectTE ST EQUIPMENT.
Weive got great dea ls .

New !
FLUK E C O LO R SCOPES - - "-

GREAT 1/4Watt Carbon FilmResistor Deal!
1-199 200 1000

$.07 $.01 $.003
as low as

$3.00
pertliousand

5% tolerance/bulk packed
All Standard V a lues based on order ing in multiples
f rom 1 ohm to lO meg ohm of 200 or 1000 of eac h val ue)

BAG ofLED is DEAL 100 LEDis for $1.50 !!
II No rma l brightn ess led is now avai lab le

in RED or GRE EN in 3mm or 5mm size .
Your ch oice. Each bag of 100 costs $ 1.50 !
(th at is 1.5 cents ea .!) Each bag co nta ins
100 of the same led .

BAG-RED 5mm $1.50 BAG-GREEl\' 5mm..$1.50
BAG-RED 3mm SI.50 BAG-GREEN 3mm..$1.50

- - -- "2 AMP O-iiiVBeneh
Power Supply
LC D Display
input voltage: IIOVAC
output: 0-1 8VDC
Current : 0-2A
Source Effcct:<0.02%+1mV
Load Effect:<O.OI %+5mV
Ripple & Noise: <lmVrrns

1 5+ ~
$59.95 $52.95~
item # CSI 1802D

EXTENSIVE DETAILS @
www.WEB-TRONICS.com

$169.00 item#SCOPE8IM

"..

OPTAscope
Digital Real 'Time Oscillos ~

An affordable USB digital
oscilloscope for students & hobbyists
*I M s/s M ax Sam ple Rate
*8 Bit Ver t ica l Resolution
*2 C ha nne l
*Ext Trig

Intelligent Auto-Ranging DMM RF Field Strength Analyzer
Our Most SophisticatedDMM Ever! The3201 is a high quality hand-held RF

___ ... L 4 D' b klit 8000 t Field Strength Analyzerwith wide band
, arge . Ig ac I coun rece tion rangmg from 100kHz to

dual display & Analog Bargraph. 2066MHz.The 3201isa compact &
RS232 I.R. Interface/software/cablelightwe ight portable analyzer & IS a must
4 displa y modes True RMS forRFTec hnici ans, Ideal fortestmg.

• ' . install ine & maintenance of Mobile
value & Freq. of MI?/Max Telephone Commsystems. Cellular

Ct "~ -' e, l values rTemperatureln F/C ; Phones .Cordless phones. paging systems.
relative quantity & er ror % of cab le &SatelliteTVaswell asantenna

relative value at the same time... installat ions .May also be used to locate
hidden cameras usmuRf' trans missio ns

MORE DATA @ WEB SITE Extensive Tech Details & a Special OfTer
CSI8203........$189.00 AtOur WebSite (www.web-tronlcs.com)

SALE! Circuit S~cialists now carries
$129.00 FLUKE FLUKE TEST EQUIPMENT

1

NEW!!
only
$199.00

luminous
inll;!nsity @..
l OrnA

Intelligent DMM withPC Interface
*Auto-Ranging
*Dual Display
*Conforms to IECI OIO
*3999 counts & 3Ssegment

bar graph display
*DC voltage(autoranging)
*AC voltage (auto ranging)
*Temperature measurement
*Resistance (auto ranging)
*capacitance

' *diode testing
•*transister check
*audible continuity

PC .b<o.Nd IU¢~.1 sco..-v­
OIrc:illo..... . 2OaIIIII.
5G3/. ~J:... .....1J.n1l'
lin 1I1t • .d'ao.

item# C SI345
Ships with Rubb e
Boot, RS-232 cabl e,
Softwa re $44 50
& Test Leads & •
K-probe

LEDis/Megabright Blue, White, GREAT PRICESl

PROGRAMMABLE DC POWER SUPPLY

10+ 100+

Megabright Blue 5mm (L7113PBC/G) 1400 $1.95 S1.50 $1.25
Megabright Blue3mm (L7104PBCIG) 600 S1.95 S1.50 S1.25
l\lega bright Whi te 5mm (L7114PWCIG) 600 S2.15 S1.59 SI.35

more technical detai ls @ our web site under SEM ICO ND UCTORS

FLASHI NG red 3mm (L36 BHD) as low as $.28 ea!

Detail s & Software Download @our web site
Intelligent Multi-function Digital Counter

An intelligent multi-function
counter controlledby an S-bit
micro-controller with
eight-digit high bright LED
display. Four measuring

_ functions (frequency.period,
t.;....:..;~--. """- total mode & self-check).
item# C I 6100 Also.a IOMHz OSC.OUT.

Frequency Measurements: $149 00 "
CH A, Rang e 10 to 100Mhz •• •
CHB, Range 1001\Ihz to 1.3GH z
DETAILS AT OUR NEW
WEB SITE und er TEST EQUIPME NT

rage Oscilloscope Module
Convert any PC with USB
interface to a high performing
Digital Storage Oscilloscope.
This is a sophisticated PC
based scope adaptor providing
performance compatible to
midlhigh level stand alone
products costing much more!Ships
with two probes.
Complete details & softwar e
download @ our web site und er

i t e m # 200DSO$ 8 6 9 . 0 0 test equipment.

*Stores up to 10 settings for fast & accurate recall
*Backlit LCD display manual pdfavailable @
*High Resolution ( I mV) web-tronics.com
*PC compatible (with optional RS-232 adaptor module)
*Easy programming w numeric keypad or fast rotary code switch
*Power shut down memorv function
S PECI F ICAT I O S @ web-tronics.com (under test equipment)

Visit our website for a complet e listin g of ou r offers. We ha ve over 8,000 electronic items on line @ www.we b-rronlcs. cum, PC
based data acquisition, indust ri al computers, loads of test eq uip m en t, optics, I.Cis, transistors, diodes, re sistors, potentiometers,
motion co nt ro l p roduct s, ca paci tors,mi nia tu re observation cameras. panel meters, chemicals for electronics, do it you r self printed
ci rc uit su p p lies for PCb fa brica tio n, ed ucationa l D.l.Y.kits, cooling fans , heat sh r in k, cable ties & other wire handleing items, hand
tools for elect ronics, breadboards, trainers, programmers & much much more! Som e Deal s you wonit believe!



Apply Yourself!
Looking fo r an all-in-one solution/ or yourlatest BASIC S tamp p roject? Look no further than Parallax A pp lication
"'odules. These modules are design ed to plug easi(r into an)"ofour programming boards with a BA SIC S tamp and contain
a 2.1: 10header (Board ofEducation, S uper Carrier Board, !JS2p40 Demo Board and BASI C Stamp Activit)"Board) . Th e
Appil/ods are easy to imp lement andyo u will save valuable eng ineering time adva ncingya urprojects.

z
n

S ta mp Modc m (Icfl); 291 16;
$ 99. 00 Th e Stamp Aiodcm provides
an easy modem interface at 2400
baud to the BASiC S tamp by using
[o ur control lines to comp lete a multi­
tude oftasks.

Place )'O lll' order online at wwwpurallax.com or call our sales
department toll-free at 888 -512·1024 (M· F, 7 a.m .. 5 p.m. , PST).

Sound ~Iodule (above cen ter); 29111 ; $89.00
Th e Soundill odule is a recording andp layback studio

which can record up to 60 seconds as I-S messages. The sound, output may be
played through the speaker or sent to the line-out jack.

IJ"L..,'/C·Stamp find the Pam lla.r logoare re,p:,w>red trademarks cfParalktr. Lnc

LED Display Terminal ("igh t);
29112 ; $89.00 This 4-digit
alp hanumeric display module offers
jOurpushbuttons, a 4-digit i ,ED
disp lay; and a real-time clock. lVith
the properprogramming, yo u can
dr:splay messages, ke.r ill/ormation
or the time and temperature. A
usefu! compact disp laj: solution for
anyproiect.

-Audio Amplifier (helow); 29143;
$ 29. 00 TheA udio A mp lifier is the
e icstway to add sound outp ut to
yn ur robot or custom project. Uses
the DTJlfFOUT and FREQOUT
commands to Olllp ut sounds quickly

Prototype Board (below); 29 110;
$ 25 .00 The Proto Board is a
canvasfor building dedicated
circuits that require extra sp ace.
BASiC S tamp ilO pins,p ower; and
ground are ported to a header on
the through-hole area. Soldering I:S

required.

Com pass A pplica tion ~ Iodu le

(ahove); 291 13; $79.00
Do .you wan t to give yourproject
direction without purchasing a CPS
unit ?Eight directions are depicted
with 4 L1-1Js and a simp le serial
interface with the BA SiC Stamp
provides directionalfi~edback. The
Compass App"'od is a natu ralfor
rollillg and walking robots.

Circle # IS4 on th e Re ade r Servic e Card .

Breadhoard (no l pictured );
2~)11 4 ; $24.00 Foradditional
breadboa rd space, try the Bread­
boardApp lication il/odule. Perftct
for temp orary project applications.


