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emovable Hard Drive Rack with
Auto Door And Cooling Fan

* Auto door on the outer frame
+ ABS material of outer frame. High efficiency

7 2GHzRF Field Strength Analyzer

« Frequency Range: 100KHz 1o
2.060MHz

+ Narrow Band FM (NFM), Wide
Band FM (WFM).AM and Single
Side Band (§5B) Moduiated Signals
May Be Measurad
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Specttll!fs Mini CCDs (B/W & Color)

any qty.

on't forget

VM1030A 30mmx30mmx26mm, Standard fens, 12V °39 . any qty.
VM1035A 42mmx42mmx25mm, Standard lens, 12V with back light
compensation '49.% any qty.

feature 349 9 any qty.
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0.1 LUX Rating (BIW), 1 LUX (color)

CCD Area Image Sensor for Long Camera Life
Back Light Compensation Circuit

Built-In Electronic Auto Iris Lens

VMCW-H1 1A 32mmx32mmx30mm, Color CCD with standard lens, pre-
wired cabting 12V DC Power *139.%/ ¢129.5 or more

VMCW-H12A 32mmx32mmx19mm, Color CCD with pinhole lens, pre-wired

J

/Bullet CCD CamerasB&W and Color,
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< 2Vl on the Wel

* CCD Area Image Sensor for Long Camera Life
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| * No Bloomm?, No Burning
* 0.1 Min Lux ilumination (B&W), 1 Lux Min Lux Iliumination (color)
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COLOR CCD Mini Board Cameras
* Low Power Consumption
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.
.
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Y
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VM3010-A 33mmx33mmx32mm, Standard lens *99. @ any qty.

newl®  DC to AC Power Inverters ! ™\
150 watt up to 3000 watt models !

150w modified sine wave: $29.95(G-12-015B) IHdUStI’y
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1000w modified sine wave: $179.00(G-12-100)
3000w moditied sine wave(phase corrected),
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wired cabling, 12V DC Power Input *59.%° / 49 %5 or more

VMPS-250A 25mmx25mmx15mm, B/W CCD with pinhole lens, pre-wired
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Great Equipment & Service
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wee Our Website for DETAILED Specs

Qur Most Sophisticated DMM  We Soid Over 700 Last Year!
with R$-232 interface & Software. 3-3/4 Digit. 4000 Count. Auto-Ranging
with Analog Bargraph « K Type Temperatuze Probe Included
+ True RMS Mode = Pulse Signal for Logic

* HMHy Frequency Counter & Audible fest

NOW
ONLY
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« Tune Mode with Alam. + Contmuity/Diode Test Reg. $169
Cloch. and Stop Watch ¢ Logic Test i " i

> Dual Display « Auto Power OFF/ "Keep ON™ Mode More

« 10 Locatson Mem « Fused 20A Input with Details on
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* Protective Holster
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O.E.M. manufacturer. See our
@site for detailed speciﬁcatior-\.s!/

Incredible Offers !
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3000 Series Digital RIO Bench Power Supply
¢ Low Cost Single Output ¢3 Amp

AS
LOWAS

—.
= 89

High stability digital read-out bench power supply
featuring constant voltage and current outputs.
Short-circuit protection and current limiting
protection is provided. Highly accurate LED
accuracy and stable line regulation make the 3000
series the perfect choice for lab and educational use.

Line Regulation: 2x10* +ima (J g { :ig f
Load Regulation: | x {0-4 +Smy
LED Accuracy: Voltage +1% +2 digits
Current +1.5% +2 digits = 5 !
Wave Line Noise: <limyrms
Dimensions: 291mm x 158mm x 136mm v
CSI1 5003: 0-50v/0-3 amp

CS13003: 0-30v/0-3amp

Digital RIO Bench PS, Digital R/O Bench PS,

Ix10-4 +Smv Load

1x10%+5mv Load
Regulation Regulation
$99.00 5/$89.00 $129.00 5/$119.00 /

CIRCUIT SPECIALISTS, INC. 220s. Country Club Dr., Mesa, AZ 85210 800-528-1417/480-464-2485/FAX: 480-464-5824
CIRCLE 233 ON FREE INFORMATION CARD
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{] EH93  Experimenters Handbook (1993) . . $5.00
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O HHI5F Hobbyists Handbook

Fall Edition (1995) . . .$5.00
O HH94S Hobbyists Handbook

Spring Edition (1994) . $5.00
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[0 HH33  Hobbyists Handbook (1993) . .$5.00
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TEST YOUR KNOWLEDGE

Can you match the following components with their proper description?

A. Transformer

B. Transistors

C. Resistor

D. Capacitor

1. This component is used as a blocking

device in DC circuits and as a coupling
device in AC circuits. This device stores
energy between two plates separated by
a substance known as dielectric. The non-
polarized types of these components are
made of polystyrene, polyester, and
ceramic. The polarized types are often
referred to as electrolytic.

2. These components are designed to

have low ohmic-resistance and a very
high reactance at radio frequencies.
They will pass DC, but will block high-fre-
quency AC if both AC and DC are pre-
sent in the same circuit. At low frequen-
cies, this device will react similar to @
series-resonant circuit, and at high fre-
qguencies it will react similar to a parallel-
resonant circuit.

3. This component consists of two coils

that have mutual inductance. One coil is
referred to as the primary winding, and
the other is referred to as the secondary
winding. This component is used in AC cir-
cuits in order to step-up/step-down volt-
age.

4.1his component is the equivalent of

two diodes placed back-to-back with a
common middle layer. It contains three
elements—base, collector, and emitter—
and is categorized as either a PNP or NPN.
Common uses for this component are as
an amplifier, a switch, or a detector in @
simple radio circuit.
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E. RF Choke

F. LED

5. this component is a two-element

semiconductor that releases energy in
the form of light when conduction occurs
in a specific direction. A ballast resistor is
used in conjunction with this device in
order to limit the voltage applied to it, as
well as limit the current flowing through it.

6. This component is designed to absorb

energy. which is dissipated in the form of
heat. Frequency does not affect this
component, so it is found in both AC and
DC circuits. A series of color bands is used
to label the component’s value and tol-
erance.

G423 1A 9D ¥4 eV

Now, let’s test your knowledge of schematic symbols. Match each symbol with

the correct component name.

1. Tunnel Diode

2. PNP Transistor

3. Varactor Diode

4. Crystal

?
w '
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The ARRL Handbook for
Radio Amateurs 2002

Edited by Dana George Reed,

KDICW

ARRL

225 Main St.

Newington, CT 06111-1494

888-277-5289

www.arrl.org

$34.95

Providing a wealth of technical

information, this handbook is a

classic in its field—a valuable,

highly respected resource for hams, engineers, and

technicians at all skill and knowledge levels. The
edition covers the latest in DSP and wire-

less technology and includes new projects,

such as a VHF receiver, a UPS, and a

modular RF voltmeter.

The Little Red Book
of Adobe LiveMoses

Newnes Guide To
Television & Video
Technology

by Engene Trundle
Newnes,
Butterworth-Heinemann
225 Wildwood Ave.
Woburn, MA 01801-2041
781-904-2500

Newnes guice to
Television

Vldec; gy
ol10 www.bb.com
TeChn $29.95

i Designed for electronic
servicing students and profes-
sional service engineers alike, this guide to tele-
visian and video technology offers fundamen-
tal information about Digital TV (satellite,
cable, and tetrestrial) and Digital Video. It

also includes a thorough foundation in

by Derek Pell

No Starch Press analog systems. No matter what area
$§5S DeHaro St.. Suite 259 of television you’re interested in or
.

The Beginner's
Handhook of Amateur
Radio, Fourth Edition

by Clay Laster
McGraw-Hill

Two Penn Plaza

New York, NY 10121-2298
800-2MCGRAW
www.books.megraw-hill.com
$34.95

A useful tool for anyone interested in
amateur radio, this handbook is a compre-
hensive guide to radio communications. It
offers a mini-course in -
electronics, a study guide
for FCC exams, recent
FCC safety rules and regu-
lations, short-wave opera-
tor’s procedures, and more.
The combination of theory
and practice provided,
complete with numerous
illustrations, makes the
material clear and easy to
understand.

ADOKE LIVEMOT

DEREX FELL

Amateur
Radio.......

San Francisco, CA 94107

THE LITTLE RER AQDE afF

CLAY LASTER,

even to simply gain a better under-
standing of your home-video
equipment, you may want to add
this to your technical library.

500-420-7240
www.nostarch.com
$19.95
If you are looking for a humor-
ous, original approach to learn-
ing flash animation, this book
may be for you. The sadrical
how-to guide pokes political fun
while providing legitimate tools
to navigate Adoke LiveMotion.
Not the ordinary rextbook style,
this manual uses innovative

methods to tap the reader’s cre-

| atvity and to introduce graph-

: ics design for the Web. Learn

| to create Javascript rollovers,
\ use Photoshop to enhance
Flash animations, build Pre-
loaders, and much more.

Phonons in Nanostructures
by Michael A. Stroscio
and Mitra Durta
Cambridge University Press
40 West 207 St.
New York, NY 10011-4211
212-924-3900
www.carbridge.org
$100
The authors present the theory of
phonon interactions in nanoscale struc-
tures and its application to modern nano-
structure-based devices, par-
ticularly modern electronic
and optoelectronic devices.
Appropriate for both gradu-
ate and undergraduate stu-
dents of physics and engi-
neering, the text emphasizes
models of confined phonons
and how they apply to semi-
conductor heterostructures.

Phonons in
Nanostruc_tures_
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The Extreme
Covert Catalog

by Lee Lapin
Inzelligence Here
404 N. Mt. Shasta Blvd., #134
Mz. Shasta, CA 96067
530-926-1316
www.intelligencebere.com
$49.95
Unofficially labeled the
source for the hottest
electronic surveillance

: i e . toys and equipment,

(oo ] vgnf"c‘irh ioc this catalog is chock-
full of cell-phone detec-
tors, automobile-track-
ing systems, miniature
video recorders, com-
puter interception gear,
and much more.
Organized by the
type of equip-
ment, the catalog includes
detailed descripdons, photos, and suppli-

er information.

THE

On The Air
With Ham Radio

by Steve Ford, WB8IMY
ARRL
225 Main St.
Newington, CT 06111-1494
860-594-0200
www.arrl.org
' $17.95
Haemo ] You’re invited to explore the
i world of amateur radio
through this concise
guide filled with practical
advice and technical
know-how. All the infor-
mation you need to get
started is right here. Find
out about satellite com-
munications, hooking
up hardware, shopping
for transducers and
antennae, and more.
You'll be able to set
up an amateur radio station, make air con-
tacts through your computer, exchange
pictures with other hams, and dis-
cover a host of other projects.

Poptronics, January 2002

Video
and Camcorde
Servicing and Technology

by Steven Beeching
Newnes, Butterworth-Heinemann
225 Wildwood Ave.
Woburn, MA 01801-2041
781-904-2500
WWW.newnespress.com
$59.95
The scope of this manual
includes practical, up-to-
date coverage of the entre
range of current home-video
equipment—analog and dig-
ital. It furnishes readers with
everything they need to
know about troubleshoot-
ing and repairing tradition-
al VCRs, video cameras
designed for home use
and editing systems, and
the latest DVD equip-
ment. The aim is to give the service engi-
neer and student alike the base of techno-
logical knowledge thats not usually
found in the servicing data from
the manufacturers.

Police
Gall, 2002 Edition

by Gene Hughes
Hollins Radio Data
PO. Box 35002
Los Angeles, CA 90035
www.policecall.com
$19.95 each plus S&H
Radio scanners hear news as it hap-
pens. Bearing in mind
that there are laws and
legal issues which this
book covers in detail, lis-
teners can hone in on
police-pursuit communi-
cations, follow aircraft
across the skies, or wit-
ness a rescue Situation.
With the included CD-
ROM, this frequency
guide serves as a ref-
erence and contains
codes, maps, and
many useful hints
for getng the most out of your scanner.
There are nine regional volumes.
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Pack Some Power

Designed for use on the
road or at home during
blackouts, the Jazz Portable
Power 250 ($119.95) uses
an inverter to produce
AC or DC power from a
battery source. Its two
AC outlets can supply
power to TVs, lamps, and
computers; and DC power
from the unit can jumpstart cars or boats. It
can be recharged through a car cigarette
lighter socket or a standard wall outlet. A
safety feature warns you if the cables
are connected incorrectly.

Xantrex Technology Inc., 8999
Nelson Way, Burnaby, BC, Canada
VSA 4B5; 604-422.8595; www.
xantrex.com.

CIRCLE 50 ON FREE
INFORMATION CARD

Web-
Browsing
Phone

The CDM-8100 is a |
slim, tri-mode phone
with built-in UP 4.1 Web

3-2-1 Blast

or e-mail: requests@berkshire-is.com

Quick Charge

Using patented Neotherm
technology, the Mach | Speed
Charger ($99.95) is said to
charge lithium-ion cam-
corder and digital-camera
batteries three times faster
than any other charger—30
minutes to fully charge a standard

battery. Because it also works with |2-

volt sources, you can charge batteries en
route to an event. A microprocessor dynam-
ically controls the charging process to de-

liver the maximum energy level and to
test and condition the battery without

overheating it, thus extending battery

Off!

The 3-2-1 home enter-
tainment system ($999)
provides realistic sur-
round sound from just two
speaker arrays. Bose Video-
stage 5 decoding and post-
processing circuitry gener-
ates and processes
five discrete chan-
nels for a full sur-
round effect from
Dolby Digital, DTS,
or even mono
sources, as sound
seems to come from where

life.

Lenmar Enterprises, Inc., 31328

Via Colinas #102, Westlake Village,
CA 91362; 818-879-2700; www.len

mar.com.
CIRCLE 52 ON FREE
INFORMATION CARD

Whole-House
Sound

The CT 610 multi-zone receiv-

er ($3498) features two AM/FM

tuners, six programmable IR inputs
and nine programmable IR outputs;
and it delivers 12- X 55-watts of

power. Whole-house A/V distribution

can be configured via B&K's propri-
etary Software Suite, making it easy to
manage all of the receiver’s basic para-
meters and functions.

B&K Components, Ltd,,
2100 Old Union Road,
Buffalo, NY 14227;
800-543-5252;
www.bkcomp.com.
CIRCLE 54 ON FREE
INFORMATION CARD

there are no speakers. The media center
includes a tuner, DVD player, amplification,
equalization, and three inputs for additional
sources. Basic setup requires only four
simple connections.
Bose Corp., The Mountain,
Framingham, MA 01701-9168; 800-
444-BOSE; www.bose.com.
CIRCLE 51 ON FREE
INFORMATION CARD

browser and advanced data/fax
capabilities. Weighing less than
four ounces, the phone operates
on the 800-MHz and 1900-
MHz frequencies. It features
two-way SMS, T9 pre-
dictive text messaging,
a one-way speaker-
phone, and 100 mem-
ory locations. Two
soft-touch navigation
keys provide easy
Internet access.
Audiovox Com-
munications Corp.,
555 Wireless Bivd,,
Hauppauge, NY |1788;
631-233-3300; www.
audiovox.com.
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GIZMO® -

Pet-Free
Zone

What do your pets do while
youre not home! If their
favorite pastime is shedding
on—or shredding up—your
favorite furniture, the Pet Peeve
($49.95) could help. The device
combines a vibration sensor with a
voice recorder. When your pet jumps on the
couch, the sensor triggers an ultrasonic tone (not
audible to humans) followed by a digital
recording of a command in your voice: “Off
the couch, Spot!”

The Sharper Image; PO. Box 7031,

San Francisco, CA 94120-9703; 800-
344-4444; www.sharperimage.com.

Mobile

Flat-Panel Speakers

Monsoon floor-standing speakers use
PFT Planar Focus Technology to
. provide high performance at
reasonable prices. Models FPF-
600 ($599/pair), FPF-
1000 ($999/pair), and
FPF-1600 ($1599/pair)
each use a hybrid
design to increase
dynamic range and are
said to provide excel-
lent spatial imaging,
clarity, and sound positioning.

Sonigistix Corp., 11782 Hammersmith

Way, Suite 201, Richmond, BC, Canada,

V7A 5E3; 604-271-2237; www.mon

soonaudio.com.

CIRCLE 55 ON FREE

Subwoofers

INFORMATION CARD The High Energy HED Series mobile

audio subwoofers are available in 8-, 10-, |2-,
and | 5-inch sizes and in single-voice coil (SVC)
or double-voice coil (DVC) designs, with prices
ranging from $89 to $149. .
Each sports a unique sur-
round with proprietary
V-Flex suspension, said
to mechanically resist
lateral “cone drift.”
The cone is attached
to a metal frame,
which allows greater

Video b e
Doorman e

The VES Video Entry System mgchanical power han-
($249.99) features infrared tech- dling (150 watts RMS or 200 watts RMS,

CIRCLE 57 ON FREE
INFORMATION CARD

Photo Printer

The P500 Digital Photo Printer

nology to give users a clear view depending on woofer size).
of their front-door area even in Cerwin-Vega, 555 East Easy St., Simi
near-total darkness. The system  Valley, CA 93065-1805; 805-584-9332;
consists of an intercom/doorbell www.cerwin-vega.com.
with an IR TV camera, and a tele- CIRCLE 56 ON FREE
phone-sty]e moni- INFORMATION CARD
toring station with | _
a four-inch black- | .
and-white video |
screen, handset,
and speakerphone
so you can see and
talk with visitors. A
continuous moni-
tor function lets
you maintain con-
stant video and audio surveillance.

VOS Systems Inc., 3000 Danielson St.,. Suite ], Poway,
CA 92164; 800-596-006 | ; www.vossystems.com.

CIRCLE 58 ON FREE INFORMATION CARD

($249) produces high-resolution,
pocket-sized Polaroid 500 prints
directly from the SmartMedia or
CompactFlash memory cards used in
digital cameras—without a computer.
The compact, handheld device combines
the quality of digital imaging with the
instant gratification of Polaroid snapshots. It
creates color instant photos in
20 seconds or less and is
powered by a unique battery
in the film pack.

Polaroid Corp., 784 Memorial
Drive, Cambridge, MA 12139;
781-386-2000; www.polaroiddigital.com.
CIRCLE 59 ON FREE INFORMATION CARD
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Concert in
a Pocket

The PocketConcert ($299)
is a portable digital audio play-
er that can store up to four
hours of MP3 or Windows Media
Audio (WMA) files or more than 20
hours of spoken-word audio in its 128
MB of StrataFlash memory. Its intuitive

Personal Digital
Data Bank

The Terapin mine ($599), a
handheld personal digital data
bank, lets you store, play, net-
work, and even access the
Internet, all at the touch
of a button. The “mine”
is like a portable hard

software suite makes it fast and easy to play COO' disk with 10-12 Gb
audio files downloaded from the Internet of internal mass
or created from CDs. It also includes PC d storage and tremen-
tools to convert and encode CDs from on dous interconnectivity

audio files. An optional accessory kit options. It has both host and

[ 4
($50) provides a carrying case, car CQ|CU|Ofl ﬂg master USB ports,a PC card slot, built-

adapter; and StereoDock for connec- The translucent, metallic silver TI-83 in 10-Mbps Ethernet connectivity,
tion to a home stereo. Plus Silver Edition calculator ($129.99) has COmMPposite-video-out for digital pho-
Intel Corp.; 503-696- more than nine times tOS: stereo-audio-out for MP3 and

8080; www.intel.com. the power and twice the Other formats, and Internet Plug-

speed of the popular TI- and-Play shared storage. It uses
83 Plus. It has room for Linux OS, which allows it to act as
L up to 94 software appli- ©ither a master or slave device to
. cations and comes bun- VYarious digital appliances.

'~ dled with nine: CellSheet ~ Teraoptix Inc.; 888-654-0645;
portable spreadsheet (may www.mineterapin.com.

| need to be downloaded),

. Organizer, Periodic Table,

* Probability Simulator, Study-

Dr|ven ' ' Cards electronic flash- ° °
to Lea rn cards, Catalog Help (mathematical functions), and L'ghfn'ng'

Start-Up Customization. The CBL/CBR application

Drive Across the Americas lets students examine real-life world data using
($59.99) is a driving and sightsee-  the Calculator-Based Laboratory or Calculator- Fo St L.aser
ing game that uses 3-D graphics Based Ranger tools and probes. With the Pr' nter
and digital sound to teach kids included TI-GRAPH LINK cable, teens can
aged 8 and up about history, geog-  connect the calculator with a PC to The ML-6060 ($399) cranks
raphy, and even driver safety. It  upgrade and add software and/or out 1200- X 1200-dpi-resolution
includes a plastic steer- transfer files and data to be printed ~ €Opy at |2 pages per minute.A special

ing-wheel  console or stored on a disk. toner-saver feature allows you to get up

with built-in game Texas Instruments, Inc.; to 40% more output from the cartridge
controls, PC con- 972-644-5580; by reducing the resolution during draft
nection cable, www.ti.com. prints.The printer has a 100-sheet flip-

down paper tray as well as a
550-sheet paper cassette that

and the soft-
ware, which in-

cludes many kid- # lets you load a full ream of
safe hot links paper. It features both parallel
for additional and USB interfaces.
exploration. Samsung Digital Infor-
Oregon Scientific; g mation Technology Division;
800-853-8883; www. 888-887-8536; www.samsung
oregonscientific.com. usa.com.
g

Gizmo is published by Gernsback Publications, Inc., 275-G Marcus Blivd, Hauppauge, NY |1788. Senior Writers: Christopher Scott and Teri
Scaduto. Copyright 2001 by Gernsback Publications, Inc. Gizmo is a registered trademark. Al rights reserved.
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A LOOK AT

TOMORROW’S TECHNOLOGY

Business Buz

BATTERY BOOSTER

Texas Instruments’ first chipset for capac-:

ity monitoring and safety protection in
Lithium-lon or Lithium-Polymer battery
packs provides a high-performance bat-
tery-management solution while minimiz-
ing component count, cost, and board
 space. The highly integrated chipset has
applications in notebook computers,
handheld terminals, and medical and test
equipment. The chipset, which consists of
the bg2081 Smart Battery System Gas
Gauge IC and the bq29311 Li-lon Protector
IC, can fit in less than one square inch of
PCB space and reduces the number of
required components by up to 40%.

SINGLE-MOLECULE COMPUTER

IBM researchers have created and
demonstrated the world’s first logic-per-
forming computer circuit within a single
molecule. The team made a “voltage
inverter"—one of the three basic logic cir-
cuits at the heart of all computers—from
a carbon nanotube, a tube-shaped mole-
cule of carbon atoms 100,000 times thin-
ner than a human hair. “Carbon nanotubes
are now the top candidate to replace sili-
con when current chip features just can't
be made any smaller,” said Dr. Phaedon
Avouris, lead scientist on the project.
“Such ‘beyond silicon’ nanotube electron-
ics may then lead to unimagined progress
in computing miniaturization and power.”

' HACKER LOCK-OUT

A team at HP Labs Bristol (UK) has made
Linux more secure. Their two-year research

project has resulted in a product that can !

detect, prevent, and contain break-ins to the
Linux operating system and applications.
Dubbed HP Secure 0S Software for Linux,
the product prevents unauthorized commu-
nications between programs, networks,
and files; locks a program if penetrated; and
detects hacks and attempted hacks. After
the team analyzed the potential threats to
users and looked at existing security plat-
forms, they developed an experimental
secure platform—called Trusted Linux—to
protect Internet gateway systems from
some of the most common attacks.

Sensitive information cannot be accessed !

or modified by a hacker, and an administra-
tor's error can’'t compromise the system.
No special training is required; and because

it delivers security at the OS level, all appli- |

cations are. protected.

Clever Gars, Resourceful Roads

ars in France are getting smarter.

Playing host to as many as 200
microprocessors that are connected to
multiple sensors, the cars boast
increased reliability for the drive-train,
steering, and braking systems. On-board
navigation, multimedia, and communi-
cations systems benefit as well. Many
new vehicles are also able to interact
with the intelligent road infrastructure
developed by the Application for
Motorway Information (AIDA) project.

Smart Cards

One example of the French automo-
bile’s cleverness is Renault’s Laguna 1%
keyless entry that uses a card-based sys-
tem developed in conjunction with
French auto-equipment manufacturer
Valéo. A personal card, credit-card size,
provides access to the car—without
being inserted. Carrying his card, the
driver touches the door handle, and the
doors open automatically. A sensor
embedded in the door handle initiates a
recognition procedure that culminates
in the door unlocking, the automatic
positioning of the mirrors and seat, and
even setting the sound system and cli-
mate-control to meet the driver’s prefer-
ences. When the card is inserted into the
dashboard-mounted card reader, the
system’s immobilizer and steering-col-
umn lock are deactivated; and a button is
used to start the engine. The card also
stores car-identification and mainte-
nance information.

Informed Navigation

Renault’s Laguna is also equipped
with the Odysline integrated GPS and
GSM systemn, providing access to ser-
vices for guidance, traffic information,
breakdown assistance, reservations, and
medical and emergency assistance.

GPS systems might provide the best
route; but the Carminat navigation,
available on the Renault Laguna 11, takes
it a step further. It now includes traffic
information transmitted by a network of

The multi-functional center console on the
Peugeot 607 includes a GSM telephone
system and a CD-ROM navigation system.

FM transmitters fitted with RDS-TMC
(Radio Data System-Traffic Message
Channel) coders. The driver receives
traffic warnings in real time. He is
informed of traffic jams, roadwork, or
accidents, and offered an alternative route.

Pressure Points

Other Renault vehicles benefit from a
system, developed with Michelin, that
monitors tire pressure. It can detect any
defect, from poor infladon to a slow leak.
Each wheel is fitted with a sensor in the
valve that measures the internal pressure of
the dre. The information is transmitted to
an on-board computer that uses an
advanced algorithm to distinguish between
a real fault with pressure and a variation
due to normal use or climatic changes.

Tail-Gate Terminator

Another innovation will be unveiled in
the Renault Vel Satis, scheduled for a
January 2002 launch. It is outfitted with
Adaptive Cruise Control, a system that



not only maintains the speed set by the
driver, but also changes the speed accord-
ing to traffic patterns. Radar built into the
front bumper detects the presence and
estimates the distance of moving vehicles
in the same lane. The driver chooses a safe
speed and distance, and the system auto-
matically adjusts the speed to keep a con-
stant space between vehicles.

Valéo is also currently develop:ng
Traffic Environment Sensing (TES)
radar. This driver-assistance device
detects obstacles and sounds a warning
in the event of changing lanes or a dan-
gerous bend. An Intelligent Cruise
Control function protects the driver
from being cut off by other vehicles, and
a “Stop and Go” system operates in
slow-moving city traffic.

Car Talk

In other developments in France,
PSA Peugeot Citroén and Vivendi have
formed a company called Egery to
develop automotive telematics services,
based on mobile telephony, Internet,
and GPS technologies. Voice recogni-
tion and voice synthesis will be crucial
elements in these new services.

Last year, Citroén marketed a special
ediion Xsara equipped with a built-in
PC that enabled the driver to receive
Short Messaging Service (SMS) mes-
sages directly, to search automatically
for previously selected radio stations,
and to access a directory or navigation
aids—all using voice control. The
Peugot 607 includes a GSM telephcne

On the AIDA screen, icons or short messages
display information about road hazards.

The tire-pressure monitoring system on a
Renault Laguna keeps track of slow leaks
or poor inflation.

system that allows the driver, with the
push of a button, to immediately contact
a call center. The center provides emer-
gency assistance and data on vehicle
maintenance or repair. The 607 also
boasts a built-CD-ROM navigation sys-
tem with an option for GPS integradon.

Multiplexing

Adding all these advanced functions
has forced manufacturers to re-examine
the electrical and electronic architecture
of vehicles. Multiplexing—using only one
wire rather than numerous ones to carry
coded information from several comput-
ers—improves reliability and allows
increased information exchange.

PSA Peugot recently developed a mul-
tiplexed steering-column head. Known as
Com2000, it provides a high level of func-
tional integration. The Com2000 directly
senses all steering wheel switching (lights,
wipers, buttons, etc.), and sends the infor-
mation electronically to the other systems
via the muldplexed network.

Information Highway

In addition to the smart car, informa-
tion is available from the very roadway
itself. France’s AIDA was a joint project,
of French motorway companies Co-
firoute and CSSIRoute, in connection
with Renault and PSA Peugot Citroén.
AIDA’s goal is to inform the driver in
real time of obstacles created by con-
struction, accidents, or inclement
weather. Similar to Easy Pass technolo-
gy, the system uses beacons above the
road at 6-mile intervals and vehicle
hyper-frequency tags linked to a termi-

" Research Notes

BAD VIBRATIONS

Researchers at the Center for Electro-
mechanics of The University of Texas at
Austin have designed an electrical sus-
pension system to replace conventional
spring/shock absorber systems. Tests
conducted at the U.S. Army’s Yuma
Proving Grcunds have demonstrated a
fivefold reduction of shock and vibration
to the passengers, double the off-road top

speed, and better handling in cornering—

all of which result in improved off-road
fuel economy. The electrical suspension
system uses a soft spring for a smooth
ride and an electromechanical system to
minimize pitch and roll. Key components
include an electric motor driving a rack
and pinion at each wheel, accelerometers,
and an acvanced control system.
Dynamic adjustment of the vehicle’s cen-
ter of gravity during turns reduces
rollover risk. Besides military applica-
tions, the technology could be used in
ambulances, SUVSs, and large trucks.

A BRIGHT IDEA

Organic fight-emitting diodes, or OLEDs,
emit their own light and can be incorpo-
rated into arrays on_very thin, fiexibie
materials—tut they are not very efficient.
A standard OLED consists of a iayer of
organic polymer that emits light when

excited by electrical current, sandwiched

between two conducting layers. When
voltage is applied to the conducting lay-
ers, a current runs through the polymer

layer; and it emits photons, creating a-

light. Researchers at Los Alamos National
Laboratory have applied an intermediate
chemical fayer a mere molecule thick that
helps shuttle electrical charges between a
conducting layer and the polymer layer to
achieve more efficient current flow.

WATER SNIFFER

A real-time gas- and water-quality monitor-
ing system developed by Sandia National
Laboratories consists of a miniature sensor
array in a waterproof housing. Unlike tradi-
tional metheds, which require samples
taken at the site to be sent to a lab for analy-
sis, the “Snitfer” remains on-site, sending
back to a data-collection station real-time
data on solvents present and their concen-
trations. An array of miniature Sensors,
called a chemiresistor, detects and mea-
sures volatile organic compounds in water
TeServoirs or gas-storage tanks.
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nal built into the dashboard. When the
car passes under the beacons, informa-
tion is transmitted to a central unit,
where it is processed and sent to the
cars. In the vehicle, it is displayed on a
screen with icons or short text messages.
Safety messages are received automat-
cally and immediately, while general
traffic and weather data is available upon
request.

In a way that’s invisible to the driver,
the vehicle sends back information, as
well. The system can determine traffic
flow by calculating the time it takes the
vehicle to pass between two successive
beacons, can detect when windshield
wipers have been switched on, or when
the brakes have been applied sharply.
The driver also has the ability to send
messages—for instance, to report an
accident or a hazard on the roadway.

From automobile architecture and
roadways that provide information to
smart-card entry and self-monitoring
vehicles, the era of cars that practically
drive themselves is on the way.

Biorhythm
Passwords

I n the old days, when telegraph opera-
tors sent messages by hand using
Morse code, an experienced operator
could tell who was sending by the “fist of
the operator.” Today, how a person types
his or her user name and password on a
computer keyboard is being used to
identfy the person for security purposes.

Now Net Nanny Software Inc., the
developer of the Net Nanny filtering
software, is commercializing a unique
technology originally developed by the
Stanford Research Institute to solve spi-
raling computer security problems. As
its name implies, BioPassword, is a bio-
metric identification technique. However,
unlike other biometric ID technologies
that are dependent on recognition and
comparison of unique human character-
istics such as fingerprints, hand geome-
try, faces, or the eye’s iris and retina,
BioPassword does not require any addi-
tional hardware.

It is all done with the BioPassword soft-
ware installed on a computer or worksta-
tion. This software is based on keystroke
dynamics—that is, the rhythm and speed

an individual uses when typing-in user
names and passwords to gain access to
computers, databases, secure sites, and so
forth. Like voiceprints and handwriting,
keystroke dynamics is a bebavioral biomet-
ric identification technique.

The Rhythm Method

The BioPassword log-on software is
installed via a CD-ROM. To enroll, new
users type in their user name and password
repeatedly from 10 to 20 times. This allows
BioPassword to “learn” the individual’s key-
board dynamics. Once enrolled, the user
types in a user name and password as usual.
The BioPassword software then compares
the typing rhythun with the stored biomet-
ric template. If a match is made, access is
granted.

Just how much security does it pro-
vide? Surprisingly, it is virtually impossi-
ble for someone to duplicate another
person’s keystroke dynamics. They are
unique. Of course, the person must have
the correct username and password in
the first place. BioPassword just adds
another level of security. Security can be
increased further by the choice of user
name and password. Net Nanny recom-
mends eight-character user names and
passwords. Testing shows that this
results in an error rate of less than two
percent.

Several security levels are available, so
registered users can tailor the system for

IOPASSWOR
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optimumn security desired. Too low a level
and every one is accepted; too high and
legitimate users are denied access. The
BioPassword software can be disabled tem-
porarily. For example, if 2 user has a tempo-
rary hand injury that affects his keystroke
dynamics, a system administrator could dis-
able the system so the user could still have
access. If the change is more permanent, a
new template is prepared.

The BioPassword software is currently
available only for users of Windows NT
and Windows 2000 in large workstation
environments. The license fee ranges from
about $4000 for 100 workstation to nearly
$70,000 for 4000 “seats.” However, like
most everything in the computer world,
availability should increase and cost should
decrease as usage becomes more wide-
spread. Future possible applications
include added security for on-line banking
and on-line credit-card transactions and
for a user-friendly method to protect the
intellectual property owned by record
labels, artists, composers, publishers, and
distributors.

Since it requires only software, key-
board dynamic biometric identification
could be incorporated in all types of key-
board devices, from cell phones to build-
ing-access systems

For further information, contact Net
Nanny Software; 15831 NE 8th St., Suite
200; Bellevue, WA 98008; 425-688-3008;
www.biopassword.com—by Bill Siura
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This diagram illustrates how BioPassword works. Based on keyboard dynamics, the soft-
ware recognizes registered users’ style of typing-in their passwords.



> Rising Broadband-Over-Airwaves

According to an Allied Business Intelligence {ABI) study, wireless broad-
band technologies will become increasingly popular over the next five
years. ABI predicts that wireless broadband subscribers, who accounted
for just 2% of the total broadband subscriber base in 2001, will constitute
15% in 2006. Total revenues from broadband subscribers are expected to
increase from $16.8 billion this y=ar to $59.4 billion in 2006, with wireless
technologies making a leap from 9% of total revenues in 2001 to 22% in
2006.

Because equipment and installation costs are so high (more than $3000
per subscriber), wireless broadband technologies have a hard time com-
peting with cable and DSL.

Several factors will facilitate wireless broadband’s rise in popularity.
First and foremost, wireless broadband offers higher quality connections.
The costs of deploying and maintaining the wireless infrastructure are
lower, and wireless connections are not hindered by distance limitations.
A large number of customers can be serviced by a single wireless node,
particularly with satellite broadband services. “To make an impact on the
market, wireless broadband providers must prove to consumers that their
services are not only equal to cable and DSL, but actually better in terms
of pricing, speed, reliability, and security,” said Mark M. Fox, author of the
ABI report, Broadband Delivery in the Local Loop: By Land and By Air. “The
potential is there, but first they have to catch up to the wireline technolo-
gies in terms of available infrastructure.” m

Water Safety

I n the wake of September 11, the con-
cept of public safety has taken on a new
significance. For almost two years now,
Sandia National Laboratories researcher
Jeffrey Danneels has been working with
the EPA and the American Water Works
Association Research Foundation
(AwwaRF) to develop a training program
that would teach water utlites to asszss
the vulnerabilities of their systems and to
institute measures to reduce the risks and
decrease the consequences of terrorist
attacks. The EPA is especially concerned
about the water distribution systems serv-
ing the 340 cities that have 100,000 or
more residents. Many of these systems are
more than 60 years old and were built
with little thought of security, and few are
configured alike.

“We started exploring the possibility
of working together to enhance the
security of America’s water infrastruc-
ture—supply, treatment, and distribu-
tion—well before the September 11
attacks on the World Trade Center and
the Pentagon,” says Danneels. “We are
putting a program in place that involves
on-site assessments of utilities and train-
ing sessions for utility personnel.”
Workshops for members of the AwwaRF
and the American Water Works
Association (AWWA) were scheduled to

begin in November 2001.

The program offers three steps for
assessing the vulnerability of a utility’s
water infrastructure—detect, delay, and
respond. The first step is to determine
how well the system detects a problem,
such as chemical contamination.
(Sandia’s “water sniffer,” described in
Research Notes, is one possible detection
device.) The second is to measure delay
capabilities to learn how well the system
can stop undesired events. How long is
water stored before being distributed?
Are barriers, such as fences and walls, in
place? Finally, response capabilities are
examined. How quickly are private secu-
rity forces and local, state, and federal
authorities able to respond, and in what
capacities? “It is important that utilities
be able to detect the problem and delay
it long enough for the response to arrive
and defeat it,” Danneels says.

Underlying the program is the need
to fully understand the site, including its
overall mission and operating proce-
dures. The cost of security depends on
the level of protection a facility wants
and can afford. Hiring a security guard
and installing some basic detectors
“won’t cost a lot,” according to
Danneels, “but to stop a fairly organized
group from committing a terrorist act
could be extremely expensive.” P

Pumped-Up Mileage

technology originally developed by

Ford Motor Company for use in
diesel engines has the potential to improve
fuel economy in gasoline engines by about
20 percent. Called DISI, for Direct
Injection Spark Ignition, it is being tested
in a 1.1-liter three-cylinder engine that can
achieve 70 HP. When used mainly in urban
driving, DISI achieves a 21 percent
improvement in fuel economy; while in
mixed urban and highway driving, the
improvement is expected to be 10 to 15
percent. Even greater savings might be
realized by combining DISI with other
new technologies that take advantage of its
low-RPM efficiency.

In a conventional fuel-injected
engine, all cylinders are supplied with a
mist-like mix of air and fuel ata constant
14.7:1 ratio. One or more injector noz-
zles spray tuel into the air stream being
fed to the intake valves. The spray is
mixed with air during the intake stroke
and flushed into the cylinder, where it is
ignited by the spark plug. The throttle
valve determines how much of the air-
fuel mixture enters each cylinder. The
mixture itself, however, cannot deviate
much from the 14.7:1 rato; mixtures
that are too lean won’t ignite.

DISI technology uses “stratified”
charging to overcome this limitaton. The
injection nozzle is located inside the com-
bustion chamber. When fuel is sprayed
toward the spark plug just before ignition,
the spark plug is surrounded by a small,
precisely shaped volume of ignitable air-
fuel mix. Only the area directly around
the plug, at the top of the cylinder, con-
tains the air-fuel mixture. The stratifica-
don of the charge allows the DISI engine
to burn mixtures with a much higher ratio
of air to fuel—up to 60:1. The cushion of
non-combustible gas around the combus-
tion chamber also requires less combus-
tion heat, improving the engine’s thermal
efficiency. The charge-stratification
process works best at low and medium
loads in the lower half of the engine speed
range, where traditional gasoline engines
are least efficient. The technology also
allows the compression ratio to be
increased from 10:1 to approximately
11.7:1 without the need for premium fuel,
because direct injection reduces engine

knock. o]
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REID GOLDSBOROUGH

Online EssenTials:
ConnecTing To The INTERNeT

et's say you're not yet online. You

want to be connected to the
Internet, but you don't want to mess
with a complicated computer. Maybe
your parents or grandparents fit this
description. What should you do?

This dilemma has spawned an
entire category of simple Internet
access devices calied Internet appli-
ances. Yet, these devices have failed
miserably in the marketplace. Exploring
the reasons for their failure will shed
light on the challenge of getting
“Grandma” online, and, if you're
Grandma, what your options are today.

Clearly, there’s a potential market
out there. The latest data from the mar-
ket research firm Dataquest shows
that 39 percent of U.S. households stilt
aren’t online. A whopping 85 percent of
U.S. senior citizens don’t yet have
Internet access, according to the Pew
Internet & American Life Project. Yet,
within the past year, three major man-
ufacturers of Internet appliances have
dropped out of the market: Sony,
3Com, and Netpliance.

A SOLE SURVIVOR

The sole surviving stand-alone
Internet appliance actively marketed to
consumers is Compag’s iPAQ Home
Internet Appliance. Designed for surf-
ing the Web, sending and receiving e-
mail, and engaging in instant messag-
ing, it's also easy to set up and use. My
74-year-old father and | tested the unit
in detail and, despite great potential, it
has problems of its own. =

Compaq sells two versions that are
both attractively priced. The smalier
and more portable IA-1 has a flat-
panel screen and retails for $399,

Easy 1o set up and use, the Compaq iPAQ Home
Internet Appliance puts you online directly—
without the help of a computer.

while the bulkier [A-2 has a conven-
tional computer monitor and retails for
$299. Prices at consumer electronics
stores, where they're typically sold, are
sometimes even less. Both units are
similar. They look and act like PCs; but
they lack a hard drive, which is appro-
priate since Internet appliances aren't
meant for storing letters, budgets, and
so on. Without a hard drive, there's no
waiting for the device to “boot up” when
you turn it on.

Let’s look at some of the problems.
The biggest drawback is that Compaq's
System is inextricably bundied with
MSN Companion, Microsoft's operat-
ing system for Internet appliances.
MSN Companion is tied closely to
MSN Internet Access, and like the
MSN /nternet Service Provider (ISP),
it's slow and buggy. Consumer Reports
recently ranked MSN last among eight
national ISPs for speed, interruptions,
and availability.

You don’t have to use MSN to con-
nect to the Internet with Compagq's
Home Internet Appliance. However, as
just one more example of Microsoft's

mailto: digitaldomain@gernsback.com

monopolistic mindset, there is a catch.
Because of Compag's licensing agree-
ment with Microsoft, if you use another
ISP, you still have to pay Microsoft
$9.95 per month in addition to the fee
you pay your new ISP. On the positive
side, if you stay with MSN, it's free for
your first six months of access. After
that, though, access will cost $21.95
per month.

Another problem was that some
reviewers found the screens too small
and the touch-pad finicky, but we had
no problems with either. More impor-
tant is that the device doesn’t support
a number of widely used Internet for-
mats from companies other than
Microsoft, such as Adobe Acrobat,
RealAudio, and QuickTime.

Browsing Internet forums revealed
that advanced users typically found it
too limiting, while beginners appreciat-
ed the ease of its use. This result leads
to the core of the Internet appliance
quandary for manufacturers.

TO MARKET, TO MARKET

They've failed, thus far, to market
these devices to their logical audience,
the “Net-laggards.” Now they’re mar-
keting them to the “Net-sophisticates,”
who want more than one Internet-
access device in their homes.
However, it seems that this audience
will not likely tolerate the devices’ tech-
nological limitations. Compagq officiaily
says it's committed to the Internet
appliance market, and it seems to rec-
ognize the way to improve the device.
“In the future we hope to provide
access not tied to Microsoft, says
Compaq spokesperson David Albritton.

However, the larger challenge
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remains—persuading Net-laggards that
paying for Net access is worthwhile.
“This audience will wait until thay
absolutely cannot do without,” says
Bryan Ma, an analyst from IDC, a mar-
ket research firm in Framingham, MA.

Does it make sense to buy the
Compaq Home Internet Appliance?
Despite the current limitations, mayte.
The price is right, and it's suitably sim-
ple if you're just getting started.

Another option is MSN-TV (former-
ly called Web-TV), a device that you
connect to your TV for Internet
access—ranging in price from $99 to
$199. It's from Microsoft, easy to use,
but even more limited. The older Web-
TV Classic is also available, even less
expensive, but even more restrictive
than Compaq and MSN-TV. If you can
swing it, it might make more sense to
spend $600 to $800 on a low-end FC
or Mac that’s easier to use than ever
and gives you freedom of choice.

ANOTHER INCENTIVE
TO LOG ON?

For some, the importance of being
connected to the Internet surpasses e-
mailing, shopping, and surfing. For
those who venture online to keep up
with current events, there is the more
serious, more significant, aspect of
staying in touch with the world.
However, to say that the Internet is the
best source for explosive, timely, news
stories is still somewhat arguable.

The question arises, during a disas-

ter, where is the first place you should
turn for information? You might think
the Internet would be ideal. After all, it
was set up by the military in the 60s to
ensure communications during a
nuclear war. Yet, as recent events have
shown, during a crisis, other media
sources might do a better job at deliv-
ering breaking news. Still, the Net is
uniquely suited for certain things.

THE SET VS.THE NET

The Net's biggest problem stems
from its very nature. To somewhat
oversimplify, unlike TV networks that
send one signal to millions of TV sets,
Web sites have to send millions of sig-
nals to millions of computer screens.
Web sites thus get overloaded if they
receive too many visitors. During the
hours immediately after the terrorist
attacks of the World Trade Center and
the Pentagon, the top news sites were
completely bogged down. The Net's
most popular news site, CNN.com,
received 162 million page views on the
day of the attacks, 12 times more than
normal. Millions of people in offices
throughout the country, without easy
access to TV or radio, tried to find out
what was happening through their
computers, often without success.
Some of the big news sites tried cop-
ing by slimming down the size of their
pages and adding servers, but this
helped only marginally.

Television surpassed the Internet at
providing second-by-second coverage

HOME AUTOMATION KIT
- Software Included
« Use Existing Wiring
« Simpile Inexpensive
1-800-928-5299 www.marrickltd.com

of the events. What’s more, while the
major Web news services had to scale
down their content to provide any ser-
vice at all, the television networks
beefed up their programming to satisfy
information-hungry viewers.

Once you go beyond breaking news
at big-name sites, what the Net is
exceptionally good at is providing
depth. “In the same way people turn to
newspapers instead of TV for more
depth, people turn to the Internet,”
says Steve Outing, an online publish-
ing consultant from Boulder, CO. On
the Web, for instance, you can conve-
niently read overseas news sources,
which provide a different, and some-
times eye-opening, perspective. If
you’re so inclined, you can view shock-
ingly graphic images that the networks
don’t carry. With the Internet, “you’re
not as dependent as you were once
were on hearing things that someone
else wanted to tell you,” says Ed
Trayes, a Temple University journalism
professor.

POINT AND CLICK

CNN.com
www.cnn.com

Compaq
www.compag.com

MSN.com
www.msn.com

Urban Legends Reference Page
www.snopes.com

UP CLOSE
AND PERSONAL
The Internet's most distinctive
advantage is its personal nature. On
September 11th, personal Web sites,
sometimes called Web logs, sprung up
with eyewitnesses providing unfiltered,
first-hand accounts of the tragedy from
their own perspectives. Likewise,
Internet discussion groups disseminat-
ed personalized news. “The Internet
(Continued on page 62)
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Dateline: January 1942 {60 years ago}

For the “Radio Month In Review,” this issue of
Radio-Craft mentions the Armys use of walkie-
talkies for constant two-way communication, the
use of television in national defense, and the appa-
ratus used for Electro-shock therapy. Readers are

A PEEK INTO THE GERNSBACK ARCHIVES
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shown how to build a "Wien Bridge” Audid ™"

Oscillator and how to refinish radio cabinets for a
sleek, complete look.
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Dateline: January 1992 (10 years ago)

Air pollution was as much a concern in the early
90s as it is today. Popular Electronics features
building a negative-ion generator and asks the
readers and builders to decide whether this high-
voltage operation really improves ones health by
sterilizing airborne bacteria. This issue also reviews
new products such as a heartrate monitor, a wire-
less video transmitter, and an 8mm camcorder,
along with new ideas for an old pastime—HAM
radios.
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Dateline: January 1972 (30 years ago)
Just as Dorothys perception and view changed
when she stepped into the land of Oz, so do those
of Radio-Electronics’ readers as color TV steps
into the public domain. This issue deals almost
entirely with color TV, fronf automatic tint controls
for tone reguilation to a color convergence genera-
tor. Television accessories and enhancements are on
the rise and in demand, as are solutions to simple
problems such as how to eliminate hum bars.
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Plug a Friend into

Poptronics

and Save $44.89%

This holiday season you can give an electrifying gift ... plug a
friend into Poptronics® and brighten the whole new year! Whether
electronics is your friend’s livelihood or hobby, your gift will
illuminate the whole spectrum of electronics throughout the
coming year and provide a monthly reminder of your friendship.

Poptronics® Magazine will keep your friend in-
formed and up-to-date with new ideas and innova-
tions in all areas of electronics technology ... comput-
ers, video, radio, stereo, solid-state devices, satellite
TV, medical electronics, cormunications, robotics,
and much, much more.

Poptronics® combines the best attributes of
Electronics Now and Populcr Electronics. 1t is the
magazine for the hands-on electronics activist. We
will be presenting articles on just about everything
electronic—from satellite TV equipment to DVDs,
gadgets and gizmos to energize your life, audio ampli-
fiers, professional service features, PC-related proj-
ects, and much, much more.

PLUS: A selection of computzr-oriented columns that
explore the digital realm from: the inner workings of a
PC to the latest the Web has to offer. On the electron-
ics side, there is something for everyone—from the
beginner (Basic Circuitry ard Q&A) to the expert.
ether your interest is fixing equipment (Service
linic), tinkering with robots (Robotics Workshop),

or adventuring to the farthest reaches of electronics
and science (Amazing Science)—Poptronics® takes
you there.

SAVE $44.89* ... OR EVEN $89.78* ... For each gift
of Poptronics® you give this boliday season, you save
a full $44.89* off the newsstand price. And as a gift
donor, you’re entitled to start or extend your own sub-
scription at the same Special Holiday Gift Rate—you
save an additional $44.89*!

No need to send money ... if you prefer, we’ll hold the
bill till January, 2002. But you must rush the attached
Gift Certificate to us to allow time to process your
order and send a handsome gift announcement card,
signed with your name, in time for the holidays.

Sc do it now ... take just a moment to fill in the names
of a friend or two and mail the Gift Certificate to us in
its attached, postage-paid rep.y envelope. That’s all it
takes to plug your friends into a whole year of excit;
inz projects and new ideas in Poptronics®!

V <

*Nawsstand price—8 issues @ $4.99 each
4 issues @ $5.99 cach
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KCD ROM based resources
for learning and
designing

mia

1Y

The intemationally renowned series of CD ROMs from
Matrix Multimedia has been designed to both improve
your circuit design skilis and to also provide you with sets
of tools to actually help you design the circuits
themselves.

Electronic Circuits and Components provides an
introduction to the principles and application of the most m t

common lypes of electronic components and how they a rIX
are used to form complete ciscuits. Sections on the disc [T Itlmedla
include: fundamental electronic theory, active

components, passive components, analogue circuts and digital circuits.

The Parts Gallery has been designed to overcome the problem of component and
symboi recognition. The CD will help students to fecognize common electronic
components and their comesponding symbols in circuit diagrams. Quizzes areincluded.

Digital Electronics details the principles and practice of digital electronics, including
logic gates, combinational and sequential fogic circuits, clocks, counters, shift registers,
and displays. The CD ROM also provides an introduction to microprocessor based
systems.

Analog Electronics is a complete leaming resource for this most difficuft subject. The
CD ROM includes the usual wealth of virtual laboratories as wefl as an electronic circuit
simulator with over 50 pre-designed analog circuits which gives you the ultimate learning
tool. The CD provides comprehensive coverage of analog fundamentals, transistor circuit
design, op-amps, fiters, oscillators, and other analog systems.

Electronic Projects is just that: a series of ten projects for students to build with all
support information. The CD is designed to provide a set of projects which wil
complement students' work on the other 3 CDs in the Electronics Education Series. Each
project on the CD is supplied with schematic diagrams. circuit and PCB layout files,

Electronic Projocts
by Max Horsey

FILTERS

component lists and comprehensive circuit explanations.

PiCtutor and C for PICmicro microcontrollers both contain complete sets of tutoriais
for programming the PICmicro senies of microcontrollers in assembly language and C
respectively. Both CD ROMs contain programs that allow you to convert your code into

hex and then downiload it (via printer port) into a PIC16F84. The accompanying
development board provides an unrivaled platform for leaming about PIC
microcontrollers and for further development work.

Analog Fliters

Digital Works is a highly interactive scalable digital logic simulator designed to allow
by Steve Winder

electronics and computer science students to build complex digital logic circuits
incorporating circuit macros, 4000 and 74 series logic.

CADPACK includes software for schematic capture, circuit simulation, and PCB design
and is capable of producing industrial quality schematics and circuit board fayouts.
CADPACK includes unique circuit design and animation/simulation that will help your
students undesstand the basic operation of many circuits.

Digital Lagic Simulation
by Dave Barkor

Analog Filters is a complete course in filter design and synthesis and contains expert
systems lo assistin designing active and passive filters,

Shareware/demo CD ROM with more than 20
programs $4.99 refundable with any purchase.

Phone your order to us on:

Order Form:

Please circle the products you would like to buy on Name: o
the table below, calculate the total cost, fill in the Address:
rest of the order form and send it to us. NY residents or send your order to:
add sales tax. Please allow 6 weeks for delivery.
Student  institution Zp: . Phone: S— . f c';gGoGlngscé
X
Electronic Ccts, & Comps.  $50 $99 3
Digitail Electronics  $50 $99 Card Type: v sp—— " o e — HaquauQe' NY 11788
Analog Electronics  $50 $99 il el Expire date;
Eiectronic Projects  $75 $159 ™ T—- ! T -[ —}
R T 2 0 00D (00 010 (0
C for PICmicros  $179 $350 Car b - i
Digital Works ~ $50 $99
CADPACK  $75 $159 t have enclosed my check for §: ____ Signature:
Analog Filters  $75 $159
Postage - USA  §5 $5 . )
Posm:’_gCanada $5 $5 Please charge my creditcardfors: — A

Order online NOW from: www.poptronics.com
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GPS-Your Ticker 10 Ride

Today, when consumers are buying
gadgets formerly reserved for NASA
engineers and MIT research scientists,
you never have to worry about fincing
your way again. The GPS (Global
Positioning System) is available and
affordable, and it's making the average
road trip simple to navigate and a hack
of a lot more interesting.

According to the www.GPS
Store.com Web site, the Gilobal
Positioning System, “...is a constella-
tion of satellites that orbit the earth
twice a day, transmitting precise time
and position (latitude, longitude and
altitude).” With a GPS receiver, it is
possible to determine your location
anywhere on the Earth.

By the start of the new millennium,
this $10 billion satellite-based naviga-
tional system became generally avail-
able, with new-model vehicles touting
their dashboard-installed GPS as the
wave of the future. Around the same
time, hand-held versions that were
simple to operate were also being
offered by companies like Garmin.

So who has a need for such a high-
tech piece of equipment when one can
just as easily stop at a convenience
store and ask for directions or—hold
on to your hat, now—actually fook at a
map? The answer is, just about every-
one. “Anyone who needs to know the
precise time or the exact location of
people or objects will benefit from
GPS."—GPSStore.com

A GPS can be beneficial in a myri-
ad of settings. Hunters will find that
with the easy tracking, route setting
and waypoint (points of interest, like a
breadcrumb in a forest) creating, it is
virtually impossible to get lost in the
wilderness. For marine use, where a
fixed reference point is not always vis-
ible, the GPS provides invaluable nav-

The Street Pilot Ill is one example of a GPS—
this is a turn-by-turn voice-navigation system
from Garmin.

igational aid in boating and sailing.
“Surveyors, natural resource man-
agers, wildiife managers, geologists,
geographers, mappers, forestry man-
agers, and mineral explorers are just
some of the people taking advantage
of the GPS."—GPSStore.com.

Imagine getting through an entire
road trip with no wrong turns. Now, you
can chart your route beforehand,
record waypoints, and see when, to
the second, you will arrive at your des-
tination. The GPS will also tell you
things like highway exit information,
time of sunset, speed, current location,
and the nearest cities. With a GPS,
you can drive on a deserted highway
and plan when you're going to stop at
that fast food restaurant that may be
fifty miles down the road. The GPS will
even tell you where the restaurant is
once you take the exit!

So why hasn’'t the GPS caught on
with more consumers? I've talked to a
number of technically savvy people
about the merits of owning one; and,
while most of them understand the
reasoning behind the high-tech instru-
ment, they usually respond with a vari-
ation of the following statement: “I
don't want to take the time to learn
how to operate it—it looks too difficult.”

Au contraire. While a GPS receiver
is truly a marvel of technology, it does
not take a rocket scientist to learn how
to operate one. Like most video games
or computer software programs, a
GPS s user friendly and easy to operate.

THE 24-STEP CONNECTION

The complete Global Positioning
System consists of twenty-four satel-
lites that are in geosynchronous orbit
approximately 12,000 miles above the
Earth. Five ground stations manage
these satellites, monitoring them twen-
ty-four hours a day. These satellites
provide continuous coverage for two-
and three-dimensional positioning
anywhere on the Earth.

The first thing that happens when
you power up your GPS is a connec-
tion with these satellites. (Don't worry,
this happens automatically. All you
have to do is sit back and watch.) The
GPS must receive signals from at least
three of the satellites in order to track
the location of the user. By measuring
the interval of time between the trans-
mission and the reception of the satel-
lite signal, the GPS is then able to cal-
culate the location of the user and
each satellite. Information from three
satellites is required for two-dimen-
sional positioning (latitude and longi-
tude), and four satellites are required
for three-dimensional positioning (lati-
tude, longitude, and altitude).

This process takes less than a
minute—just enough time for you to start
your car and pull out of the driveway.

THE DISPLAY

What may at first seem like a com-
plicated remote control is actually a
simple display panel with a few but-
tons. With one click you can change
the view on the screen, alter fields, set
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routes, create waypoints, and check
the distance from your chosen destina-
tion. You can even see your top driving
speeds, the time of sunrise and sun-
set, the time in different zones, and
detailed street maps across the globe.

SETTING THE ROUTE
AND WAYPOINTS

This is where the fun begins. Each
GPS has enough memory for many
routes, so don't be shy about tracking
every trip you take. Going out of town
takes on a new color as you discover
the best possible place for your way-
points, record the cleanest restrooms
and quickest routes, and track your
favorite restaurants along the way. As
you drive, simply press the waypoint
button at a point you'd like to retum to on
your route. Next, name the waypoint
and save. That's it—simple and quick.

This is also where the investment on
your GPS becomes worth the expense.
How many times have you taken a road
trip and had to stop the car, take out
your atias, find the right. page, look up
your exit or street number, etc. Finally,
after several minutes of precious driving
time has been spent locating your par-
ticular map, you now have to figure out
where you are and plot a course. It's
worse when you are in a new city and
have forgotten your map. You have an
appointment and are driving aimlessly—
unsure of your destination and direction.
With a GPS, you will never get lost; and
you need never look at a paper map
again. It's all there, instantaneously, at
your fingertips.

Plotting a waypoint is as effortless
as itis fun. As you are driving, walking,
hiking, canoeing, flying, etc., you may
reach a place that you want to remem-
ber. You press the waypoint button,
name it and save it, and one more
piece of your route is recorded.

Be frivolous and, above all, have
fun, because your basic GPS can han-
die upwards of 500 of these little
breadcrumbs. Go ahead, mark that
gas station and record your trip to the
dentist. Hey, if your favorite fast food
restaurant happens to be Arby's,
shouldn’t you know the exact location
of every one from here to Fresno?
Sure—your GPS can take it, S0 plot on.

GPS TECHNOLOGY

There are a few basic steps to
understanding the technology behind
your GPS. These include triangulating,

measuring distance, timing, and the
satellite’s position. The following sec-
tion is an overview of these terms,
coined and explained in full at
www.trimble.com, a GPS informational
site.

Triangulating—Satellites are used
as a reference point for locations on
Earth. In order to track a location, we
would need to accurately measure our
distance from a minimum of three
satellites. So how do we do this?

“Suppose we measure our distance
from a satellite and find it to be 11,000
miles. Knowing that we’re 11,000 miles
from a particular satellite narrows
down all the possible locations we
could be in the whole universe to the
surface of a sphere that is centered on
this satellite and has a radius of 11,000
miles"—www.trimble.com. If the sec-
ond satellite is 12,000 miles away, we
now know that we're somewhere on
the circle where these two spheres
intersect. When we make a final mea-
surement and find that we're 13,000
miles away from the third satellite, that
narrows our position down to only two
possible points in space. We could
then get a fourth measurement, but
usually that is not necessary. One of
the two possible points usually winds,
up being unrealistically far from Earth
or moving at an impossible speed.

Measuring Distance—How do
you measure something that is out in
space? In order to calculate the dis-
tance to a satellite, you need to mea-
sure how long it takes a radio signal to
reach your location from the satellite.
This can be accomplished by using a
formula that is taught in most high
school math classes.

Velocity X Time = Distance

Measuring travel time is the trickiest
part of the equation. Each satellite has
its own Pseudo-Random Code, a com-
plicated digital code (sequence of “on”
and “off”) that it sends out. The com-
plexity of this code ensures that the
receiver doesn’t accidentally join with
another signal. It also drastically
reduces the probability of another sig-
nal with the same exact shape. Since
each satellite has its own unique sig-
nal, they can all use the same fre-
quency. These crucial pseudo-random
codes enable the GPS to function
without a large satellite dish.

Timing—For. the GPS, timing is

crucial and must be exact. “If measur-
ing the travel time of a radio signal is
the key to GPS, then our stop watches
had better be darn good, because if
their timing is off by just a thousandth
of a second, at the speed of light, that
translates into almost 200 miles of
error.”"—Trimble.com.

According to Trimble, extra mea-
surement cures the timing offset. If the
receiver’'s clocks were perfect, all the
satellite ranges would intersect at a
single point. However, with imperfect
clocks, a fourth measurement taken
will intersect at a different point.

The computer on the receiver sees
this and realizes that it is out of sync with
the universal time. It then looks for a sin-
gle correction factor that it will subtract
from all its measurements. This will get
the four satellite ranges to intersect at a
single point. The correction brings the
receiver’s clock back into universal
sync, and atomic accuracy is achieved.
Once it has that correction, it applies it to
all the measurements, coming up with
precise positioning.

Satellite Location—These twenty-
four satellites are thousands of miles
away, so how can we determine where
they are, exactly? Each GPS satellite
runs on a precise orbit, and since they
are above the earth’s atmosphere, the
orbits are very predictable. With simple
mathematics, we can determine their
position.

The Department of Defense (DoD)
constantly monitors these basic orbits
with precise radar that checks each
satellite’s exact altitude, position, and
speed. The agency checks for errors
caused by gravitational pulls from the
moon and sun and by. pressure of
solar radiation called “ephemeris
grrors,” which affect the satellite’s
orbit. Once the DoD measures the
satellite’s exact position, it relays this
information to that satellite, which then
corrects its position.

The Global Positioning System is
fun, simple to use, and well worth the
expense. So next time you embark on
a family vacation, why not take one
along? When little Joey asks, “How
much longer, Dad?” you'li be able to
tell him—to the second. p]
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Another Chance for

As hard as Intel has been pushing,
sales of Pentium 4-based PCs
have been slow to take off. Even with
Intel having announced that it intended
to phase out Pentium Ili desktop CPU
production by the end of 2001, con-
sumers have been slow to embrace
the newer processor.

Part of the reason for this is that
the Pentium 4, for all of the hype, sim-
ply hasn’t yet provided any spectacu-
lar increase in performance over its
main competitor, AMD’s Athion
Thunderbird CPU. The Pentium 4
processor does have some new tech-
nology in its design, which will give it
the edge on heavy graphics applica-
tions. However, these additional
instructions and capabilities need to
be taken advantage of in the applica-
tion software, and vendors have been
slow to release application upgrades
that make use of the new functions
that the Pentium 4 provides.

This is history repeating itself. The
same thing happened when Intel
released its first Pentium containing
the now standard MMX extensions. It
took a while for software vendors to
recompile their applications so the
software would use the new MMX
instructions. Since the upcoming ver-
sions of AMD’s Athlon XP will imple-
ment the newest SSE2 instruction set,
perhaps vendors will finally get on the
boat with this and provide applications
that run faster on the new processors.

Another reason for the slow accep-
tance of the Pentium 4 has been price.
When initially introduced, the CFUs
were considerably more expensive
than the previous Pentium 1l proces-
sors, which are at the end of their pro-
duction life. Interim price reductions
have dropped the per-unit price con-
siderably. At the time this is being writ-

TED NEEDLEMAN

Here are the two PCs that were used to perform
the benchmark tests. One unit contains an Intel
motherboard, while the other unit contains a
Soyo motherboard.

ten, it is possible to buy a 1.7-GHz P4
using the new .13-micron fabrication
for about $220. That price is for a retail
box, which includes a fan, heat sink,
and three-year warranty. If you can live
with a “white box” version (no fan, heat
sink, and with a 15- to 30-day warran-
ty), the price drops to below $200.
One factor that's really contributed
to high Pentium 4 system prices, how-
ever, is the need for RAMBUS, or RD
RAM. Intel adopted this new type of
memory when it first designed the P4,
and reference motherboard design
built around the i850 core logic chipset.
RDRAM is very high performance
and offers a greater memory band-
width. It is, however, produced by only
a few memory module suppliers and
costs more, for an equivalent amount
of memory, than SDRAM or DDRRAM.
To help push the Pentium 4 into the
mainstream, two new core logic
chipsets have been introduced. The
P4X266 from Via Technologies lets the
Pentium 4 run with DDR RAM, which is
faster than SDRAM, but slower than
RD RAM. This core logic set also sup-
ports SDRAM, but most motherboard

mailto: peakcomputing@gernsback.com

The P4

vendors are using it with DDR RAM.
That's because Intel has also thrown
its hat into the ring with the release of
a second Pentium 4-oriented core
logic set, the i845, or Brookdale,
chipset. The 845 lets motherboard
designers use standard, very afford-
able, PC133 SDRAM with the Pentium
4. it's somewhat slower than a mother-
board using 800-MHz RDRAM, but
also hundreds of dollars less expensive.

‘CAUSE THEY’RE COUSINS,
IDENTICAL COUSINS,
IN EVERY WAY

How well do these Brookdale-
based PCs perform? To test them, we
built a pair of identical PCs, one with
intel’'s D845WN motherboard, the
other with an SY-P4ISR motherboard
from Soyo. Both motherboards are
very similar in basic features, since
they are both based around the Intel
i845 core logic chipset. Both offer six
PCI slots, embedded audio, and can
accommodate up to 3GB of SDRAM
using 1-GB DIMMs in each of the three
available memory sockets.

The Intel motherboard is available
as a retail product, selling for about
$145, though its major market is to PC
manufacturers who incorporate the
board into their own systems. The
Soyo P4ISR sells for about $10 more
than the Intel, depending on where you
buy it. It does, however, offer several
additional features that make it very
attractive if you are building your own
PC or upgrading an older system.
These include a built-in 10/100BaseT
Ethernet adapter and a Promise
Technology RAID controller. This RAID
controller is in addition to the standard
ATA/100 IDE controlier, and it lets you
add two additional ATA/100 hard disk
drives using either RAID 0 or RAID 1
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TABLE 1

Benchmark Used 1850-based P4 | Intel i845 Mobo | Soyo i845 [ Soyo 1-GHz P3

| with RD RAM | with SDRAM Mobo with | System

. : SDRAM
Pedormance Test 3.3 1836 208.9 2108 131.9 i
Passmarks :
Parformance Test 3.3 4175 4446 4538 AT
MFLOPS :
SANDRA CPU Test 3159 a4 3083 2632

| Dhiystona MIFS . s
SANDRA CRPUTEST 1003 apz g2 1335
Whetatone FPU
MFLOPS
SAMDRA CPU TEST 2081 2083 2077 NIA
Whatsone S5E2 &
MFLOPS
e, Hardware CPU 1615 1723 1746 1053 4
TEST Hardstones 3
Dr. Hardwara CPU Tast | 512 510 506 522
Softatones

mode. These two modes accomplish
different things. Striping puts sequen-
tial disk cylinders on alternating drives.
This lets one drive start performing a
“disk seek” while a data transfer is tak-
ing place on the other drive. This
essentially almost doubles the data-
transfer rate offered by a single drive.
In this mode, the operating system
sees the two attached drives as one
large fast hard disk. The alternate
RAID mode is called mirroring, and it
writes everything identically on both
drives. If the primary drive suffers a
read or write error, the RAID controller
automatically switches to the sec-
ondary, or mirrored, drive.

Both the Intel and Soyo mother-
boards use a new version of the Intel
Pentium 4 CPU. This new version uses
.13-micron fabrication technology,
which makes the die size and CPU
itself a bit smaller. That change also
requires a new socket on the mother-
board, called a Socket 478. For our
test, we used two 1.7-GHz P4s so we
could benchmark our test systems
against the 1.7-GHz P4 we construct-
ed with an i850 motherboard and
RDRAM for the “Build A Personal
Pentium 4 System” article in this issue.
That PC had only 256MB of RD RAM,
however, compared to the 1.5GB of
SDRAM we used in the i845-based
systems.

in all other respects, the two PCs
we built were pretty much the same.
Antec supplied us with two of its terrif-
ic $X1040 server cases—one in beige
and the other in black. These both
have the special power supply
required by a Pentium 4 (or AMD
Athlon Thunderbird) motherboard. You
could save a few bucks using a less

expensive case, but your PC won't
look as nice as ours did. With bays for
the drives that slide out for ease of
installation and rolled edges that don't
cut your hands to ribbons when you're
working, Antec cases have become
our favorite. They are widely available
in a variety of styles and price ranges.

Because the real advantage of
using an i845-based motherboard is
SDRAM compatibility, we loaded up
our test system with three 512MB
DIMMs. We used Kingston ValueRAM
in one PC and Crucial Technology
RAM in the other, switching the DIMMs
to make sure that the different vendors’
offerings had no effect on the bench-
mark results (it didn't) We've been
using ValueRAM for years and have
always loved it. Crucial Technologies is
a division of Micron Electronics, one of
the major producers of RAM in the
world.

Finally, we installed identical
Western Digital 40GB ATA/100 hard-
disk drives in each of the test platforms
and used Windows 2000 Professional
as the operating system on all three
systems.

AND THE WINNER 1S?

| ran three sets of tests on the three
P4 systems, as well as on a 1-GHz
Pentium il system. This last system
was included to provide a base point of
reference. As expected, all three
Pentium 4 PCs outperformed the 1-
GHz Pentium lli system by a substan-
tial margin.

Most of the benchmark tests con-
tained in the three applications |
used, Passmark’s Performance Test,
Dr. Hardware, and SANDRA, are pri-
marily CPU tests. Since the CPUs

used in all three test PCs are 1.7-
GHz Pentium 4s (though the two in
the i845-based systems are slightly
newer), there’s not much variation
between the RDRAM system (the
i850 motherboard), and those PCs

using SDRAM.
The most telling of the benchmarks
is the PassMark scores from

Performance Test 3.3. This is a totally
synthetic benchmark, but does fold in
memory, video, and even disk tests to
come up with a “PassMark” score. If
you are interested, sign on the ven-
dor's Web site (www.passmark.com) to
see a more thorough explanation of
how the PassMark score is derived or
to download a copy of the software for
your own use.

On this particular test, the i845-
based motherboard systems actually
turned in a higher benchmark score
than the i850-based system. This is
largely due to the increased amount of
RAM in the i845-based systems—
almost eight times as much as that
installed in the i850-based PC.

'SOURCE INFORMATION

DR. HARDWARE
waww drhardware.de

“SANDRA
weww Jbsoffware. com

PASSMARK
gmp&ssmark.mm

{PENTIUM 4
www intel comypentivmd
E

iz < o,

This pretty much supports the
contention that in many applications,
the newer i845-based motherboards
will offer performance that's pretty
equal to the RDRAM-based PCs.
That's simply because while the
memory subsystem operates at a
slightly lower speed and bandwidth,
SDRAM is still substantially less
expensive. You can afford to really
load your P4 system up with it, while
you might not have the budget to add
anywhere near as much RDRAM.

So if you've been wondering
whether the new “Brookdale” chipset-
based P4s offer a good reason to
make the jump, for many users, the
answer will be a resounding YES.




Build A Personal
Pentium 4 System

TED NEEDLEMAN

ith PC prices sometimes dipping below the
WSSOO mark, assembling your own PC is some-
thing that seems to have fallen out of vogue.

That's unfortunate for those of us old enough to
remember that Popular Electronics published the first
popular Build-lf-Yourself micro-
computer project, the Altair
8080. That construction arti-
cle was instrumental in launch-
ing the microcomputer revo-
lution, with thousands of
Altair 8080 kits sold, as well as
thousands more microcom-
puters that were based on
the Altair 8080°s S-100 bus. In
fact, Microsoft’s first product
was a BASIC language inter-
preter for the Altair machine.
(Originally. Micro-soft was
located in New Mexico, right
next to the Altair factory.)

These days. it's just plain
easier to walk info a store
and walk out with a system
you can just unpack. In a lot
of cases, it's also just as eco-
nomical to buy your PC
dlready assembled. With a top-of-the-line PC, howev-
er, you can save several hundred doliars by putting the
system together yourself. To prove this, we put togeth-
er a top-of-the-line PC based on Intel’s Pentium 4 CPU.
The Pentium 4 is the next gereration in Intel’s con-
sumer and business processor line and is optimized for
exceptional graphic performance. As with previous
iterations of the Pentium,
especially the Pentium
MMX, it will take a bit of
time before software
vendors completely incor-
porate the new capabil-
ities that the Pentium 4
offers. (See the sidebar: "Taking tt A Nofch Higher.”)

Qur Build-it-Yourself P4 Project was assembled from
premium components—in many cases, the identical
ones used by premium PC vendors, including Compag
and Dell. The Intel D850GB motherboard is, af the time

Fasten your seat belt—it’s time to assemble a
build-it-yourself powerful P4 system. Then
boot it up and get veady to blast off.

of writing. the only OEM model available for the
Pentium 4. So just about any Pentium 4 system current-
ly being sold uses this identical motherboard, regard-
less of the vendor label on the case.
The same is true with other important components
of the system. The hard disk.
CD-RW drive, and video
card are all top-of-the-line,
the best the vendors have to
offer. So is the RDRAM we
installed—it’'s the same ven-
dor that sells RAM fo every
major PC vendor.

Our system wasn’t inex-
pensive to build, coming in
at a bit under $2200 at the
time this was written. At the
same time, comparable sys-
tems from the major PC ven-
dors were running about
$500 more (both priced with-
out a monitor or speakers).

Considering that our sys-
tem took a little less than two
hours to put together once
we collected all the parts, it

works out to about $250 per
hour for your labor! The down side is that the system
you assemble is not under warranty by a single source,
If something goes wrong with i, you'll have to frou-
bleshoot it yourself. Be sure to save all of the receipits!

Great to the Core. The center of any PC is its mother-
board. This contains the core logic chipset that directs
data throughout the
computer, a socket for
the CPU, a front-side
bus that connects the
CPU to the RAM. and
PCl and AGP buses
that provide a way fo
connect peripherals. :

There are probably a dozen major vendors of moth-
erboards, with some of the better-known ones being
ASUS, Abit, Soyo, Gigabyte, MicroStar, and FIC. We're
sure that we're leaving some other vendors out. One
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through holes.

major vendor of motherboards is Intel. Intel mother-
boards are among the most widely used, especially in
products from premium PC vendors. That's the one we
used for this project.

Intel’s D850GB has a lot going for it. In addition to
being specially configured to help support the humon-
gous heat sink that the P4 requires (more on this later),
it has embedded audio and Ethernet adapters. You
can use the BIOS to disable the built-in audio if you'd
rather add a premium card such as the Creative Labs
SoundBlaster Live! or Hercules Game Theater XP.
However, we found the sound quality of the built-in

Photo 2. Make your markings as shown here, before screwing in the metal
stand-offs.

audio more than satisfactory, especially with a set of
good quality speakers.

We also appreciated the built-in 10/100BaseT
Ethernet. We have 100BaseT Ethernet running through-
out the house to take advantage of our StarBand
satellite high-speed Internet access. We added a US
Robotics Internet Call modem so that we could also
use. our AOL account. StarBand does allow us to
access our AOL mail, but does not yet support any of
AOL's other features.

The D850GB has four RIMM sockets, which require

RDRAM modules. As with the older EDO RAM, you
need to install RIMMs in pairs. If you're installing RIMMs
in only two of the four sockets, use a special termina-
tor in the opposite socket. That's because the P4
motherboard uses a dual bus for the memory, and
you’ll need to have half of the total memory on each
side of the memory bus. It also means that you need

B 2

Photo 3. Here the motherboard is mounted to the stand-offs.

to balance the memory, using identical RIMMs. You
can have two 128-MB and two 64-MB RIMMs, or two
256-MB RIMMs installed. You can’t have a single 128-
MB RIMM and three 64-MB: RIMMs.

We installed two 128-MB RIMM modules and two ter-
minator strips into the four RIMM sockets. The vendor
we used was Kingston, who has a competitively priced
ValueRAM line. These RIMMSs were PC800 rated, which
lets the P4’s front-side bus operate at its full rated 400-
MHz speed.

Photo 4. Insert a screw through the clips into the stand-offs.

Making the Case. When putting together a Pentium lli
or Athlon system, it doesn’t really matter what kind of
case and power supply you use—as long as the power
supply is hefty enough to handle whatever you decide
to load on the system.

(Continued on page 39)



A High-Tech
MP3 Player

PAUL STOFFREGEN

erhaps you've wanted a CD changer with
enough capacity for your entire CD collection

for your car or home, or you've looked at

portable MP3 players,
but haven’'t been
impressed with their
limited memory. Maybe
you've thought about
doing a specialized
project, but it required
complex customized
playback from large
collections of audio
samples.

This high-capacity
High-Tech MP3 Player
project, which plays
MP3 files from a stan-
dard hard drive, may
be the answer. Its
maximum capacity of
137 gigabytes allows 91 days of music to be stored!
Even an older mode! hard drive provides plenty of stor-
age space. For example, a 1-gigabyfe drive stores
over 16 hours of music.

Not only is the completed project much smaller
than a stack of hundreds of
CDs, but those original and
expensive discs can stay
safely stored at home when
you take the player with
you or install it in a car or
other location.

Unlike any commercial
off-the-shelf devices, this project is an open-source
design that you can customize to your own special
requirements. The firmware source code is provided as
a free download. The flash upgradable design allows

Store up to 91 days of music. This
build-it-yourself MPP3 player bas
bumongous 137-GB capacity.
See for yourself.

you to download new code using a standard PC seri-
al port, so no special EPROM programmer or other
equipment is needed to reprogram the code. The C
compiler and the
other software need-
ed to compile the
project’s firmware are
also available as free
downloads, making
this a truly customiz-
able and flexible de-
sign. (How and where to
access these free down-
loads is discussed in
the “Open Source
Code” sidebar.)

Theory Of Operation.
Before getting into the
circuit details, let’s
take a quick ook at
the magjor sections of this MP3 player and how they
work together. In the center is the DMA (Direct
Memory Access) engine, which transfers data from the
IDE hard drive to a large DRAM buffer. The DRAM
buffer is implemented with a standard 72-pin SIMM,
which may be 4, 8, 16, or 32
megabytes. Since many
minutes of MP3 data can
be held in the buffer, the
hard drive can be placed
in its full sleep mode to
avoid draining batteries.
This mode also minimizes
the time that the drive’s media is spinning, greatly
increasing resistance to mechanical shock. The DMA
engine also automatically fransfers MP3 data from the
DRAM buffer to the MP3 decoder, as it is needed.
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Fig. 1. The schematic above is for the project’s main circuit board. An 87C52 chip perforins the role

of the microcontroller for the MP3 plaver.

The two DMA data transfers may
be in progress at the same time;
during these transfers, the micro-
confroller has full access to the
DRAM. This flexible DMA-based
approach provides very fast and
efficient data transfers with minimal
burden to the microcontroller.

The firmware executed by the
microcontrolier controls every aspect

of the MP3 player. When the player
is turned on, the firmware scans the
hard drive. The firmware recognizes
the FAT32 file system, which is the
standard format used by Microsoft
Windows. All that is needed is fo
copy files onto a drive using
Windows Explorer or any other stan-
dard file-management software.
The root directory and all subdirec-

tories, up to five levels deep, are
scanned; and the firmware builds a
list of all MP3 files on the drive and
the directories in which they were
found.

Once all the files are located,
the player enters normal playback
mode. The player begins reading
the first file into the DRAM buffer
and begins playing it also. Since



the data is read from the drive
much more rapidly than the MP3
decoder plays it, the drive spins
down and enters a low-power
sleep mode after several seconds.
The firmware continues to direct
the DMA engine to play the
remainder of the file. When the end
of the file is reached, this process is
repeated.

The firmware handles a variety of
other tasks as it manages normal
playback. It continuously scans the
six pushbuttons and also accepts
commands via the serial port.
Messages are sent to the LCD dis-
play that cause it to show the file-
name, elapsed time, bit-rate, and
other playback information. The
MP3 ID3-tag information (specify-
ing the song title, artist, and album)
is extracted from the MP3 file and
sent to the display.

Various playback modes are
available, including sequential and
random shuffle—both for the whole
drive or for just the files in a single
directory. A button on the board
toggles random mode on and off.
Buttons on the display change the
mode and navigate between dif-
ferent directories, as well as
between files within a particular
directory. The display is constantly
updated to reflect the current
playback mode and the directory
that’s being played

The firmware also implements a
cursor-based navigation system on
the display and multiple screens 1o
access different settings and fea-
tures. Four buttons in a diamond
pattern on the display, together
with buttons for incrementing and
decrementing and entering para-
meters, adjust a variety of special
settings.

Because the firmware is so
important and defines the overall
character of the MP3 player, the
board design uses an easily
upgradable flash-ROM chip to
store it. The microcontroller is pro-
grammed with a monitor program
that allows the firmware to be
downloaded to the fiash ROM. The
monitor program cannot be
changed or erased by download-
ing, which makes it safe to experi-
ment with changes to the
firmware. It is always possible to
interrupt the boot process with a
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Fig. 2. This is the schematic for the pushbutton interface that is constructed separately. The
74HC165 Parallel-Input/Serial-Output Shift Register is the main interface between the pushbuttons

and the microcontroller.

command via the serial port and
then to erase the flash chip and
downioad a new firmware image.
We’'ll cover how to modify the
firmware in the section on “Testing
and Troubleshooting.” First, we’ll
take a more detailed look at the
hardware.

Circuit Details. The microcontroller
system that controls every aspect
of the MP3 player is made up of an
87C52 processor (IC1); the 39Lv010
flash ROM 1hat holds the firmware
(IC2); and an octal D-latch (IC3).
This latch is needed to interface
the 87C52's multiplexed bus to the
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Fig. 3. The audio section schematic is centered around the STAOI3 MP3-decoder chip. This chip’s
oulput is sent to the CS4334 Digital-to-Analog Converter.

non-multiplexed bus of the flash
ROM (see Fig. 1). A MAX810 reset-
generator chip (IC10) ensures that
the processor will not begin running
until the power-supply voltage Is
stable. The NaND gates (IC5) cause
the flash ROM to enter a low-power
mode while it is not being
accessed by the firmware. A
7.3728-MHz crystal (Y1) supplies the
clock for the microcontroller. A 34-
pin header in the center of the
board (J10) provides all the impor-
tant microcontroller signals to allow
expansion cards to be developed
in the future.

The DMA engine is implemented
in the Xilinx XCS10XL Field Program-
mable Gate Array, or FPGA (IC4).
This FPGA chip is programmed by
the firmware as one of its first steps
as it boots. The programming data
is a small 12-Kb file embedded
within the firmware code stored in
the flash ROM. When programmed,

the FPGA implements a DRAM-
memory interface, the IDE infer-
face, and the DMA controller with
two concurrent channels. A bus
arbifrator is implemented to se-
quence access to the DRAM
between the microcontroller, the
two DMA channels, and the re-
quired DRAM refresh.

The memory controller inside the
FPGA divides the 32-MB DRAM
SIMM into 8192 4-Kb blocks. A small
page-lookup table allows the
87C52 to select any 15 of these 4-
Kb blocks to fill 60 Kb of its 64 Kb of
address space. The memory con-
troller constantly monitors the
87C52's bus as it fetches code from
the flash ROM. When an opcode is
observed that will access the
DRAM, the bus arbitrator finishes
any in-progress operation to the
DRAM and reserves the DRAM bus
exclusively for the microcontroller.
When the 87C52 sends signals to

access the memory, the DRAM
controller performs the requested
operation and returns the data to
the microcontrolier for a read or
stores data for a write. When the
87C52 is fetching code from the
flash ROM or not making any
access to its bus, the bus arbitrator
inside the FPGA allows the DMA
channels and DRAM refresh to
have complete access to the
DRAM.

The FPGA also implements an IDE
interface and an interface to its
own internal configuration regis-
ters. The DRAM memory, IDE inter-
face. and configuration registers
are each mapped to particular
regions of the 87C52's address
space. That way the appropriate
actions can be taken to access
each of these, depending on
which address the 87C52 contacts.

A pair of registers controls each
of the DMA channels. The 87C52



D1

1N4007 J2
»i = ool
Lol | A |
R20 ¢
1K @
f" as
‘| TIP102 $ R21
> 3300
c25 D2
ApF 1N4737A
- J14
= = D3 D7 <
1N4007 1N5817
Bl Ll
Lal L |
Vee i BATTERY
co6 L 4 NiCA/NiMH Cells
o AuF
. C33 l c27 R22 o e
10uF AWk 0.02Q
T D3
= = VP5-0053 1N5819 ~ s5v
1 1 L
S Cca6
D7 2200pF
-|- 12 2 1N5817 b
& =
C40 9
T ooooF 5 14| 13 3 ) 3.3V
10 gL |
10 c37
220pF
$ A2 - 1IC11 I
$ 54 LM78540 5 =
o 1 P
lo HD- 8 ]
o[ 12] 3 6 > cas
-— Cc23 c28 L" 220uF
10pF AuF C39 IC12¢c o4
I 680pF 51 oS NDP6060L -
o = = 74aC14 A7
IC12a IC12b i - R23 -|-+ C24
1 2 3 4| 69.8K I AWF
AR A C30
R27 R25 ApF
1K 15.4K
—h—
v R24
cc . 69.8K
Dg AAA
I 1N5819 c29 WA
IDE_DISABLE b AWF "
Q6 31
2N3906 — ApF
D10 r
1N5819
PLAY o- ¢
SHUTDOWN o—

Fig. 4. The hoard contains a simple power supply t
Jrom either a 10- to 15-volt or 4.5- 10 6-volt input.

first configures the page-lookup
table to map the desired section of
the DRAM memory. It then writes
the starting address and number of
bytes to transfer into configuration
registers; finally, it writes to a register
to instruct the FPGA to begin auto-
matically transferring the data. The
FPGA sends an interrupt signal to
the 87C52's into pin to alert the

hat can create the required 5- and 3.3-volts of power
An LM78540 chip handles power regulation.

firmware that the requested trans-
fer has been completed. DMA
transfers from the IDE interface are
executed as rapidly as possible.
DMA transfers to the MP3 decoder
are performed only when the MP3
decoder requests data. The firm-
ware does not need to monitor if
the MP3 decoder is requesting
data, as it can simply instruct the

DMA controller to transfer a large
block and receive an interrupt
when it has finished. The automatic
data transfer using these two DMA
channels relieves the 87C52 micro-
controller of all substantial data-
movement tasks and allows it to go
about computing FAT32 sector
addresses and servicing the user
interface, while the DMA engine
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Fig. 5. The LCD display board interfaces with the MP3 player using serial communication. The ser-
ial-data inverting-function is handled by a MAX232 interface-chip. !

moves the data very efficiently.
The actual IDE interface on the
circuit board has two connectors—
a 40-pin 0.1-inch header (J8) for
connecting a standard 3.5-inch
hard drive and a 44-pin 2-mm
header (J9) for connecting a 2.5-
inch laptop hard drive. An NPN
transistor (Q1) and resistor RS con-
vert the active-high IDE interrupt
signal to the active-low signal
needed by the microcontroller’s
INT1 input. The DRAM interface is
designed to use a standard 72-pin
memory SIMM, installed in the SIMM
connector (J11). Because there are
only a limited number of pins on
the FPGA chip, the 32-bit DRAM
data is connected to the same 16-

bit bus as the IDE interface. In addi-

tion, the DRAM control lines oper-
ate so that only half of the SIMM’s
32 bits are used at any one time.
This approach aliows the use of an
84-pin FPGA chip and its through-
hole socket, rather than the 144-pin
FPGA version, which is suppliedin a
fine-pitch surface-mount package!

A 74HC165 parallel-input serial-
output shift-register chip (C6) is

used to connect the six pushbut-
tons to pins on the 87C52 micro-
controller (see Fig. 2). As the
firmware runs, it scans these push-
buttons by puising the PB_LOAD
signal and then extracting each
signal on PB_DATA by applying
clock pulses to PB_CLK. The firm-
ware executes this scan every 20
ms, taking a sequence of steps to
perform the user’'s request when it
detects that the user has pressed a
button.

The firmware communicates to
both the display board and its seri-
al port using the TX and RX signals.
When the firmware transmits dataq,
it is sent to both locations. The dis-
play listens for specific character
sequences to start and stop the dis-
play of incoming characters and to
perform various functions such as
scrolling. cursor positioning. screen
clear, etc. This design allows addi-
tional messages to be sent to the
PC that will be ignored by the dis-
play, which is particularly heipful
when testing new code in the
firmware. The NanD gates (IC5)
invert the signal as required by RS-

232, and resistors R6 and R7 provide
some protection against poorly
connected cables. The output
level is a O- to 3-volt signal, which
does not fully conform to the RS-
232 spec (-3 to 3 volts). Yet, virtually
all RS$-232 receivers can properly
receive this O- to 3-volt signal.

Commands from both the PC
and display are merged together
and presented to the microcon-
trolier. If both ports send a com-
mand at the same moment, the
result is garbled data. However, in
practice, one does not usually
press the buttons on the display
while communicating with the MP3
player via a PC. Transistors Q2 and
Q3 invert the signals and merge
them together. Diodes D4 and D5
protect the fransistors from nega-
tive voltages., and the resistors in a
resistor network (R2) limit the input
current and establish a zero input
when no signal is connected.

A dedicated STAO13 MP3-decoder
chip (IC7) performs the actual MP3
decoding (see Fig. 3). The STAO13
accepts input data with just two
wires, a clock (SCKR) and data
(SDI). It automatically identifies the
MP3 sample rate, bitrate, and other
parameters and provides a data-
request signal to indicate when it
requires more data. The DMA con-
troller inside the FPGA (IC4) re-
ceives the data-request signal and
automatically sends more data
when requested. It also suspends
transmission when the STAO13 can-
not accept more input. The STA013
can be controlled using two wires
and the [2C protocol. These wires
connect to the microcontroller. The
microcontroller initializes the STA013
using these pins. While the STAO13 is
running, it queries parameters and
controls settings, including the out-
put attenuation (volume). The
actual MP3 data is never sent from
the microcontroller: the DMA engine
always transfers it.

The STAO013 contains a phase-
locked-loop (PLL) circuit, which
creates clock signals correspond-
ing to the sample rate selected by
the MP3 data it is decoding.
Components R18, R19, C20, and
C21 comprise a filtered power
source for the PLL and R17, C5,
and C6 provide required filtering
for the PLL's feedback loop. A
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Fig. 6. Here is the component-side foil pattern. High- resolunon irmages can be downloaded at
www.pjrc.com/tech/mp3/pcb_layout_reva.html.

14.7456-MHz  crystal (Y2) supplies FPGA (IC4) and ultimately pro- The STAOI3, which offers decod-
the master clock for the STA013. This  duces dll the timing for the DRAM  ed digital output in 25 format, is
clock is also connected to the and IDE interfaces. directly connected to IC8—a 24-bit
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Fig. 7. Here is the solder-side foil pattern for the main board. A high-resolution image can be down-
loaded at www.pjrc.com/tech/mp3/pcb_layout_reva.htmi.
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Fig. 8. This is the parts placement diagram for the main board. Be careful to observe polarity where
necessary and protect against ESD when handling any sensitive semiconductors.

Digital-to-Analog Converter (DAC).
Resistors R8 and R9 and capacitors
C21 and C22 provide DC-level
shifting from the DAC's internal DC
bias to ground. Resistors R10 and
R11 and capacitors C7 and C8
form a simple filter to remove
aliased images of the DAC’s sam-
ple frequency. The CS4334 DAC
includes 4X interpolation and an
internal fitter, which allows this sim-
ple R-C filter to be used rather than
a complex op-amp-based circuit
that might add noise to the system.

The amplified headphone out-
put used here is a TDA2822 dual
amplifier (IC9). Capacitors Cl16-
C19 provide the AC coupling
required by the amplifier. and resis-
tors R33 and R34 and capacitors
C41 and C42 aftenuate RF pickup
that could otherwise couple into
the amplifier. An inductor (L1) and
a group of capacitors permit filter-

ing of the 5-volt power supply to
create a low-noise power source
for the analog circuitry. The exact
vaiue of inductor L1 is not critical,
and different inductors may be
substituted with little or no impact
on the analog outputs.

Power Supply. The board contains
a simple power supply (see Fig. 4)
that can create the required 5-
and 3.3-volts of power from either a
10- to 15-volt or a 4.5- to 6-volt
input. Transistor Q5 together with a
Zener diode (D2) and resistor R20
forms a 6-volt pre-regulator. The
pre-regulator provides protection
against large voltages spikes—
common in 12-volt automotive sys-
tems—and also protects the main
portion of the power supply, which
cannot safely run above 7 volts.
The power supply is a flyback-
switching topology, with an LM78540

Fig. 9. Here is the component-side foil pattern for the pushbutton board. A high-resolution image
can be downloaded at www.pjrc.com/tech/mp3/pcb_layout_reva.html.

PWM control chip (IC11). A power
MOSFET (Q4) is driven by the invert-
ers, IC12, which drives the primary
of the transformer, T1. The outputs
are rectified by diodes D7 and D8;
and the resistors R23-R25 together
with the output-turns ratio define
the output voltages at 5 and 3.3
volts,

A pair of inverters (IC12) and a
resistor (R27) form a simple 1-bit
memory, which is used to imple-
ment a firmware-controlled shut-
down. When pin 4 is high, the PWM
chip is turned off; and the remain-
der of the power supply shuts
down. The firmware can initiate
shutdown by pulling low on the
base of transistor Q6 via capacitor
C29. Power is turned on by pulling
low on pin 1, by either D9 or D10.

The flyback-switching power sup-
ply provides both of its outputs via
rectifier diodes D7 and D8.
Because these diodes will prevent
externally applied power from
flowing back into the transformer, it
is possible to run the board using an
external regulated power supply
that offers both +5 and +3.3 volts.



Fig. 10. Here is the solder-side foil pattern for the pushbutton board. A high-resolution image can
be downloaded at www.pjrc.com/tech/mp3/pcb_layout_reva.html.

Display-Circuit Details. The LCD
display board interfaces with the
MP3 player using serial communi-
cation (see Fig. 5). The display cir-
cuit board contains its own micro-
controller system, and its EPROM is
programmed with LCD.HEX. A
small adapter board provides the
interface circuitry and 12 pushcut-
tons. A MAX232 RS-232 interfcce
IC (IC101) inverts the serial data
signals and also features a charge-
pump power-supply using four
capacitors (C101-C104). Negative
10 volts is produced at pin 6, which
is fed to the display board to gro-
duce the negative bias voltage
that it requires. Resistor R101 cnd
capacitor C105 create a simple
power-on reset for the display
board. Twelve pushbuttons (PBO-
PB11) are connected in a 3- X 4-
matrix to the seven /O lines from
the display. The LCD.HEX firmware
regularly scans these lines and
sends messages to the MP3 player
when the buttons are pressed.

Main Board Construction. PC board
construction should be used to
build this MP3 player. Though the
digital circuit is not highly sensitive
to the layout, there are numerous
connections between the parts.
The opportunity for a wiring error
and the difficulty of locating an
efror among so many connections
makes PC-board construction with
the foil patterns essential. The
power supply is sensitive to compo-
nent layout and trace impedance;
if breadboard assembly is attempt-
ed, an external regulated power
supply should be substituted.

The PC board should be fabri-
cated with plated-through holes.
The PLCC sockets and SIMM socket
require connections to the top of
the board, and these sockets
cover up the top side pads when
they are installed. A bare board
with plated-through holes may be
ordered from the source listed in
the Parts List. If you decide to fabri-
cate your own circuit board, you
may use the foil patterns printed in
Figs. 6 and 7 or download high-res-
olution copies of these foil patterns
at www.pjrc.com/fech/mp3/pcb_lay
out_reva.html.

As always, it is advisable to solder
the low-profile components first
and work up toward the taller parts
to ease the assembly process.
Follow the parts placement dia-
gram in Fig. 8. Double-check the
diode and electrolytic capacitor
polarities. When soldering the PLCC
sockets and SIMM socket, be very
careful to align them correctly. It
can be very difficult fo desolder a
component with so many pins.

Before applying power, double-
check resistors R23, R24, and RS,
and their connections to IC11.
These parts set the power-supply
voltage. If there is an eror that
holds pin 6 of IC11 near ground, the
power supply can produce a rela-
fively high output voltage and
damage all of the other chips, so a
few moments double-checking
these few critical parts is time well
spent.

Display Construction. The display
pushbutton board may be built
using a PC board. See the foil pat-

terns in Figs. 9 and 10. Breadboard
construction may also be used. If a
socket is used for IC101, its height
relative to the pushbuttons should
be considered prior to soldering.
Follow the parts placement dia-
gram in Fig. 11. The polarity of J102,
the ribbon cable, and its connec-
tion to the display itself should be
carefully checked. Pin 17 conducts
a -10-volt supply—one that could
damage the display if connected
to any other pin.

The display board uses its own
firmware, stored in an EPROM chip.
This EPROM must be programmed
with LCD.HEX. If an EPROM pro-
grammer is not available. a pre-
programmed EPROM or a display
with the programmed EPROM may
be purchased from PJRC. A proper
PLCC extraction tool must be used,
as the socket on the display board
is easily damaged when excessive
prying force is applied. Once the
correct firmware is installed, the
only assembly step remaining is
connecting the ribbon cable. If
stranded conductors are used in
the cable, they should be twisted
and tinned fo assure a good con-
nection. The display board’s 17-pin
connector has a latch that lifts
slightly to release the pressure on its
contacts. Carefully insert the 17
tinned leads, while paying careful
attention to pin 17 (-10 volis). Press
the latch firmly downward to
secure the wires, and your display
will be ready for use.

Testing and Troubleshooting. The
first test should be to verify that the
power supply is producing the cor-
rect +5- and +3.3-volt power for the
rest of the board. This test can be
performed before the otherICs are
installed if a 100-ohm resistor is
added from the +5-volt power-ine
to ground. When power is first
applied, there can be a large in-

PB4
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Fig. 11. This parts placement diagram for the push-button board will be helpful during the con-

struction process.
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PARTS LIST FOR THE MP3 PLAYER

SEMICONDUCTORS

IC1—87C52-SBAA, microcontroller
with internal EPROM
(programmed with
PM2_MP3.HEX), Philips

1C2—SST39LVO010. Flash ROM. 128Kb
X 8, SST

IC3—74HC373, octal D-Latch

IC4—XCS10XL-PC84, Field
Programmable Gate Array, Xilinx

1C5—74HC00, Quad NAND gate

IC6—T74HCI165, parallel in-serial
out-shift register

IC7—STAO013, MP3 decoder, ST
Microelectronics

1C8—CS4334-KS, 24-bit stereo Digital-
to-Analog Converter, Cirrus Logic

IC9—TDA?2822-M, dual-power
amplifier, ST Microelectronics

IC10—MAXGRI10., reset generator,
Microchip (or equivalent), Maxix

IC11—LM78S40, PWM regulator,
National Semiconductor

IC12—74AC 4, Hex-inverting Schmitt
trigger (see text)

QI1-Q3—2N3904, NPN transistor

Q4—NDP6060L, N-channel power
MOSFET, Fairchild Semiconductor

Q5—TIP102, NPN Darlington power
transistor

Q6-—-2N3906, PNP transistor

D1. D3-D5—IN4007, general-purpose
rectifier diode

D2—IN4737A, 7.5-volt Zener diode

D6, D7—IN5817. Schottkey diode

D8-D10—IN5819, Schottkey diode

RESISTORS

(All resistors are Y%-watt, 5% carbon-film
units, unless otherwise noted.)

R 1—22,000-ohm, resistor network,
8-lead, bussed (7 resistors)

R2—4700-0hm, resistor network, 8-lead,
isolated (4 resistors)

R3, R17, R20, R27, R28—10000-ohm

R4, R8, R9—274,000-ohm, 1%,
metal-film

RS. R12, R13—8250-0hm, 1%,
metal-film

R6, R7. R21—330-ohm

R10, R11-—560-ohm, 1%, metal-film

R14, R15—162-0hm, 1%, metal-film

R16—1,000,000-0ohm

R18, R19, R30, R33. R34—4.7-ohm

R22—0.02-ohm

R23, R24—69,800-ohm, 1%, metal-film

R25, R26—15,400-ohm, 1%, metal-film

rush current as the switcher charges
the capacitors and stabilizes its
feedback loop. This in-rush can trip.

R29—:196-ohm, 1%, metal-film

CAPACITORS

C1-C4—22-pF

CS, C39, C40—680-pF

C6-C8, C34—0.0033-pF

C9-C11, C20. C24-C32, C41-C52—
0.1-uF

C12-C19—100-pF. 6.3-volt

C21, C22—3.3-pF, 16-volt

C23, C33—10-uF, 16-volt

C35, C36—2200-uF, 10-volt, low-ESR

C37, C38—220-yF. 10-volt, low-ESR

CONNECTORS

J1, J2—Header, 2-pin, 0.1-inch

J3—Power jack

J4—Header, 3-pin with locking ramp,
Molex 22-23-2031

J5—RCA Audio, PCB-mount, white
(left)

J6—RCA Audio, PCB-mount, red (right)

J7—Stereo headphone jack, %-inch,
PCB-mount

J8—Header, 40-pin, dual-row. 0.1-inch

J9—Header, 44-pin, dual-row, 2-mm

J10—Header, 34-pin, dual-row. 0.1-inch

J11—SIMM Socket, left polarized, Amp
822030-3

J12—D-subminiature, 9-pin socket.
PCB-mount

J13—Header, 4-pin with locking ramp,
Molex 22-23-2041

J14—Header, 2-pin with locking ramp.
Molex 22-23-2021

ADDITIONAL PARTS
AND MATERIALS
Y i—Crystal, 7.3728-MHz, parallel-type
Y2—Crystal, 14.7456-MHz, parallel-type
S1-S6—Switch, momentary, PCB-
mount, 6-mm
L 1—Inductor, 470-uH (see text)
T1—Transformer, VP5-0053, Coiltronics
44-pin PLCC socket, through-hole
(for IC1)
32-pin PLCC socket, through-hole
(for IC2)
84-pin PLCC socket, through-hole
(for 1IC4)
Heatsinks, 4-40 %-inch screws, 4-40 nuts
72-pin SIMM Memory Module, 4-, 8-,
16-, or 32-MB
Hard disk drive, 3.5- or 2.5-inch
Disk-drive cable
Standoffs or other mounting hardware, as
desired

the current limiting in some lab
bench supplies, so a 12-volt, 1-amp
unregulated  “wall wart” style

PARTS LIST FOR
THE MP3 DISPLAY

1C101—MAX232, RS-232 interface

R101—1,000,000-ohm

C101-C107—0.1-uF

S101-S112—Switch, momentary,
PCB-mount, 6-mm

J101—Header, 4-pin with locking ramp.
right angle. Molex 22-05-3041

J102—Header, 20-pin, dual-row,
0.1-inch

PBO-PB I |—Soft-contact pushbuttons,
SPST

Display, JW-002, Earth Computer Tech;
EPROM for JW-002, programmed
with LCD.HEX; ribbon cable with
20-pin socket connector; display data
cable: terminal housings (Molex 22-
01-3047), crimp pins (Molex 08-50-
0114). 24-AWG wire

A complete kit of all parts including a
bare PC board may be ordered from
PIRC for $140 at www.pjrc.com/
store/mp3 _pch_kit.hunl. A fully
assembled and tested board is also
available for $150 at www.pjre.cony/
store/mp3_pch_assem.hunl. A bare
PC board, with plated-through holes.
is available for $25 at wiwvw.pjrc.conv/
store/mp3_pcb_bare.html. The LCD
display and pushbutton adaptor board
is available for $42 at www.pjrc.com/
store/mp3_display_beta.html. Many
of the semiconductors and other com-
ponents, including the transformer,
may be ordered from PJRC. Visit
www.pjre.com/store/ for details.

power supply is preferred.

Once it's verified that the power
supply produces the correct volt-
age, it is safe to install all the chips.
Apply power and check the output
of the MAX810 chip (pin 10 on the
87C52 microcontroller). The MAX810
output should be high very briefly
when power is applied and then
go low to dllow the processor to
start running. If you have an oscillo-
scope, you could also check that
the 7.3728-MHz crystal is oscillating,
though this is rarely a problem.

If your 87C52 chip is blank, you
must program it with the PM2_
MP3.HEX file (built with the firm-
ware). If you do not have an
EPROM programmer capable of
writing this chip, you can order an
87C52, pre-programmed with PM2_
MP3.HEX, from the supplier listed in



The firmware for this project is
open source. You may download
the source code for free at
www.pjrc.com/tech/mpJ3/firmware
.html. To compile the source ccde,
you will need the SDCC C compiiler,
the AS31 assembler. and a few
other utility programs. Fortunaiely,
all of this required software is also
available for free download, and it
is also open source. SDCC and AS31
may be downloaded at www.pjrc.
com/tech/8051/index.htmi#as3]_a
ssembler. These programs will run on
either Microsoft Windows or Linux
systems. If you have a Linux-based
system, then you probably have all
the other tools already installed or
available as part of the distribution.

if you use Microsoft Windows, a
few more steps are needed 1o set
up a working environment to suc-
cessfully compile the firmware.
There are two basic approaches.
The first is to use CYGWIN, which
provides a comprehensive Unix
emulation layer and Unix environ-
ment running on top of Windows.
Complete step-by-step instructions,
specific to this project. may be
found at this Web page: www.
pjrc.com/tech/mp3/cygwin_setup.
html. CYGWIN is a large download,
and most of its functionality is not
needed for this project.

The second Windows build ap-
proach is to set up 100% native pro-
grams. Fortunately, the AS31 and
SDCC download is already native,
and their package includes GNU
Make. so the only major missing piece
is the Perf scripting language. For-
tunately. ActiveState provides a
native win32 Perl package, available
as a free download from their Web
site, www.activestate.com. Some
minor editing may be needed in the
project “Makefile” for a native win32
environment. Also, the win32 GUI-
based CVS client program can be
downloaded at www.wincvs.org.

Regardless of which system you
use to build the firmware, you sim-
ple type "make” from your com-
mand shell (or MSDOS prompt, as
the case may be). The GNU Make
program will run and execute the
commands in the “Makefile.” If
some program is missing or improp-
erly installed (or you've edited the
code and made an error), the
process will stop with some typs of
error message of some sort. If every-
thing goes well, you should end up
with MP3PLAYER.HEX, the down-

OPEN SOURCE CODE

loadable firmware image. You
should also get MAIN.HEX and DEV-
MAIN.HEX, which are partial firm-
ware images files that correspond
to the partial flash erasure ("X” and
"Y” commands at the monitor).
These partial images allow faster
download, while hacking on the
code and trying changes over and
over. The Makefile will also build
LCD.HEX and PM2_MP3.HEX, which
are the firmware images for the dis-
play board and the 87C52 chip
(C).

The MP3 player firmware is divid-
ed into two portions: the applica-
tion-level code. which is written pri-
marily in C, and the driver-level
code., which is wriften entirely in
assembly language. There are many
files in the source code, but it is
probably best to start by looking at
main.c. which has the main pro-
gram loop and other very impor-
tant application-level code. At the
beginning of the main function,
there are many steps taken to set
up the player. Ultimately, the code
reaches a giant infinite loop, which
runs all of the player’s functions.

The player’s user interface oper-
ates using an event queue. When
various things occur, such as a
pushbutton press, events are ad-
ded to this queue. The first thing the
main program does is fetch the
next pending event (if any) and
perform the action needed for that
particular event. Much of the dis-
play updating is done here in
response to events added by the
timer-device driver.

Following the event processing is
a software-state machine, which
causes the player to perform the
next required action, whatever that
may be. Initially this is locating a file
to play. Later, it is loading data from
the file into the SIMM, and., shortly
after, also delivering blocks of data
to the STAO13 decoder chip (if it is
ready). and so on. The process of
servicing a pending event (if any)
followed by doing another step in
the main state machine is repeated
indefinitely.

There is much more code than
can be described here, even
priefly. Most of the application
code is divided into distinct mod-
ules called from this main function,
so it is fairly easy to locate portions
of the application that are responsi-
ble for particular behavior of the
player. Since it's an open-source

project, a number of people from
around the world have contributed
to the firmware source code in one
way or another. To facilitate this
happening, the source code is
maintained using a program called
CVS, which stands for Concurrent
Version System. CVSis software that
allows many programmers to work
together to develop code. Like ali
the other programs, it is free soft-
ware. CVS has many advanced
features. but most peopie use only
three of them: Checkout, Update,
and Commit. All of these communi-
cate via the Internet to the server,
which maintains a master copy of
the code. "Checkout” downloads
a fresh copy of the code. “Update”
merges any changes on the server
into your local copy, without dis-
carding any changes you may
have written. "Commit” causes
changes you have made to the
code to be merged into the master
copy on the server, Commit requires
a password, but Checkout and
Update can be done by anybody
using anonymous access.

To use CVS for the first time, you
would type the command “cvs -d
‘pserver;anonymous@pjrc.com:/usr
/local/cvs login® and simply press
eNTER when prompted for a pass-
word. Then, to make an initial
checkout of the code, you would
use the command “cvs -z&6 -d
‘pserver.anonymous@pjrc.com:/usr
/local/cvs checkout mp3.” After
these two lengthy commands, you
can always get the latest changes
with cvs update.

At the time of this writing, people
from several countries have con-
tributed to the development of this
project, using CVS. A developer
forum is available here: htip://
groups.yahoo.com/group/pjr-
cmp3dev. If you are interested in
contributing to the project or just
geftting a few hints about how the
code works, this is an excellent forum
to join. Generally, a CVS commit
password is assigned to anybody
who is interested in the project and
manages to demonstrate that they
can make some reasonable edits to
the code. Haphazard as this process
seems, it leads to an environment
where almost anyone is welcome to
share their improvements with every-
one else who built a player. and a
constant stream of new features
and improvements are added to
the project.
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the Parts List. PM2_MP3.HEX is the
monitor program that will boot the
board and provide you with the
capability to download the
frmware to the flash ROM

At this point, you should connect
the board to your PC computer ser-
ial port and run a standard termi-
nal-emulation program. Hyperter-
minalis a popular choice, because
it is included with Microsoft Windows.
If you use Linux, minicom is a termi-
nalemulator program installed with
most Linux distributions. Nearly any
terminal emulator will work., The
baud rate must be set to 19200
baud, and the format to 8 bits, no
parity, 1 stop bit. You should disable
flow-control, if possible.

Hyperterminal may not work if flow
control is set to the default “hard-
ware” setting. When you tumn on the
board, a start-up message should
appear. If the flash ROM is empty,
you will get a prompt from the moni-
tor. If there is firmware loaded in the
flash ROM, it will run shortly after the
start-up message appears, unless you
press the s key to abort running the
firmware automatically.

A bit of caution should be
observed the first time you connect
the board to your PC’s serial port.
The computer’s ground will be con-
nected to the ground from the
power source for the board. Nearly
all PCs connect their ground to the
earth ground from their power
cord. If your power source has a
ground that is floating or connect-
ed to earth ground (the two com-
mon cases), there is no problem. If
your power source is at a different
ground, the board and possibly
your computer could be damaged
by the large current flow between
the two grounds. This is an issue
when connecting any two devices
together joins their grounds.

Once you get the monitor
prompt displayed, you are ready to
download the firmware. The latest
firmware (and many other earlier
firmware revisions) may be obtained,
including source code, at www.
pjrc.com/tech/mp3/firmware.htmi.
You must fransmit the file MP3PLAY-
ER.HEX to the board, using a plain
ASCII transfer. In Hyperterminal, this
appears as “Send Text File...” in the
“Transfer” menu. Do not use a file
transfer protocol (xmodem, zmo-

dem, kermit, etc.). As the firmware
downloads, you should see dots
appearing on the screen, When it is
completed, you should see a sum-
mary indicating the number of lines
and bytes transferred and whether
any errors occurred.

If an error occurs in the down-
load, try erasing the flash chip
(press z and confirm) and try down-
loading again. If errors remain,
there is quite likely a faulty connec-
tion in one of the many wires
between IC1, IC2, IC3, IC4, and
J10. Often visual inspection is the
best way to cafch solder bridges
and cold or missing solder joints.

If the problem isn’t visible, you
can attempt to use the memory
editor and other monitor features
that show a view of the memory
that the 87C52 can “see.” If the
flash chip is poorly connected, it
will not respond to any write
attempts, so you should remove it.
With no flash chip, each memory
location should read the same as
the LSB of the current address
(because the lines are floating, but
were pre-charged with the LSB ear-
lier in the 87C582's time multiplexed
bus access). If you see some loca-
tions that do not follow this pattern,
how they differ can provide clues
as to which wires may be discon-
nected. Finally, it is possible to con-
nect a 1-Kb resistor pullup and/or
pulldown resistor to each of the
data lines (pins 36 to 43) on the
87C52 and to verify that each one
is not shorted high or low or to
another nearby signal. The same 1-
Kb resistor trick can be used to
attach each of the 16 address pins
to one of the data pins and. make
sure it appears correctly in the
memory views. Hopefully, this tedious
testing won’t be necessary, but if
the flash won't write you can use
this approach with the monitor
memory dumps to verify almost
every signal unfil you are finally
able to download firmware into the
flash ROM,

Many of the firmware revisions
contain a simple memory tester
that will write several byte patterns
to various locations within the SIMM
and attempt to read them back.
Usually this is installed as a monitor
command, so you can press the 1
key to run the test. This test will veri-
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fy most of the connections
between IC4 and J11. If there is a
bad connection between the
FPGA and SIMM, checking which
addresses failed and which data
bits were incorrect will oftentimes
help pinpoint which line is bad.
There is also a utility included in
most firmware revisions that can
test the IDE interface. Great care
should be observed while running
this utility, as pressing w will write
directly to a sector on the disk
drive, without any regard to the file
system, directories, and files on the
drive. Usually this utility is installed as
a normal program, so press R at the
monitor prompt, and then select
the IDE test utility from the list. It wil
attempt to read the drive’s model
number, serial number and cylin-
ders, and heads and sector infor-
mation from the drive. These should
match either the information print-
ed on the drive or the message
that a PC BIOS prints as it detects
the drive in a PC. If they differ,
checking which bit positions are
different from the correct values
can sometimes lead you to which
pin may be connected incorrectly.
Fortunately, this is rarely a problem
when the SIMM memory test has
passed, because most of the sig-
nals are shared between the SIMM
and IDE interface.
Once you've successfully down-
loaded the firmware, you may run
(Continued on page 44)




PENTIUM 4
(continued from page 26)
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Photo 5. Use the syringe to squeeze thermal paste onto the CPU, as shown here.

That's simply not true with the D850GB motherboard.
This motherboard requires a power supply that’s com-
patible with the ATX12V Power Supply Design Guide
V1.1 specification. These power supplies have two
more motherboard connections in addition to the
standard motherboard connector. There’'s a new 4-
pin, +12-volt power connector to enable the delivery
of more 12-volt power to the motherboard. There’s
also a 6-pin auxiliary power connector that delivers
extra current to meet the heavier +3.3-volt and +5-volt
needs.

Photo 6. Mount the two RDRAMM RIMMS and their terminators in posi-
tion. You can see the CPU heat sink in the background.

Intel’s specifications for the D850GB motherboard
require a power supply rating of at least 250 watts and
suggest a 300-watt supply. To be on the safe side, we
selected an SX840 case from Antec, Inc. This beauty of
a case is a full-size tower, with three external 5.25-inch
and two external 3.5-inch drive bays, a pull-out cage
for mounting up fo three hard drives, and almost
enough interior space to park an SUV. As delivered.

which is in the power supply). so there’s plenty of air
movement. We also mounted a third fan on the front
panel and a fourth to the cage with our hard-disk
drive. The heavy steel case keeps the noise level
down, while there’s lots of air movement to keep our
heavily loaded P4 system nice and cool.

Best of ali. the SX840 comes with a P4-compatible
power supply, rated at an impressive 400 watts, If you
want to save a few bucks and don’t plan on quite as

Photo 7. A pair of pliers is used 1o remove knockouts where the two opti-
cal drives will go, as shown here.

hefty a system as we built, Antec also offers an identi-
cal case (SX830), with a 300-watt power supply. for
about $50 less. We used this SX830 model to house the
1-GHz Pentium Ill we built for running RAM tests for a
“Peak Computing * column in an earlier issue.

Making Your Mark. Once you've gotten all of the com-
ponents that you'll need for putting your system
together, the first thing to do is mark the Antec case 1o
show where the motherboard supports should be
mounted. The case itself has numerous holes and can
support pretty much any type of motherboard form
factor, including the ATX-style D850GB. We took the
motherboard, carefully placed it in the case., and
used a marking pen to put arrows where the holes on
the motherboard lay.

Antec provides three fans on the rear panel (one Of  Photo 8. The Antec case provides a slide-out cage for mounting the drives.
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Photo 9. The case has a stick-on mounting to store the unneeded third set
of rails.

Note: It's a good idea to use a wrist-grounding strap
whenever you handle the motherboard or any other
electronic component that’s delivered in a conduc-
tive bag, including the CPU and RAM. You can pur-
chase one of these straps for about a dollar in many
electronicCs stores or make one yourself from a piece of
copper wire, wound around your wrist, and attached
on the other end to a ground. This drains off any static
charge before it can damage a sensitive piece of
electronics.

In mounting the D850GB motherboard, the one
place you need to be extra careful is around the CPU
socket. The Pentium 4 CPU itself is just a bit larger that
the Pentium Ill. What's considerably larger, however, is
the heat sink included with our “boxed” CPU. It weighs

Photo 10. Slide the drives into the case, as shown here.

close to a pound, and if not correctly mounted, it can
pull the CPU right out of the motherboard socket when
you turn the case vertical!

If you look at the CPU socket in Photo 1, you'll notice
that the socket is surrounded by four plated-through
holes. You need to mark the area under these holes on
the case for mounting stand-offs. These stand-offs
allow you to fasten the heat sink directly into the case,
making sure that no excessive force is applied to the

processor socket. The heat sink also thermally con-
ducts a bit of the heat produced down the screws into
the stand-offs and into the case.

Once you’'ve made your marks (Photo 2), tightly
screw in the metal stand-offs supplied with the Antec
case using a pair of pliers. Make sure there’s a stand-
off placed wherever the motherboard has a hole for
mounting. The more stand-offs you use, the more rigid-
ly the motherboard will be held.

Photo 11. Push out the appropriate plastic plate on the case’s front panel.

Next, mount the motherboard to the stand-offs,
using the screws provided with the Antec case (Photo
3). Do NOT mount the four screws around the CPU
socket yet!

As mentioned previously, the heat sink for the P4
CPU needs some special mounting to distribute its
weight. The boxed 1.7-GHz P4 we used was supplied
with the heat sink, a fan, and a special set of mount-
ing clips. A screw goes through these clips into the
stand-offs that surround the CPU socket (Photo 4).
Once these clips are secured, there's also an extra
plastic clip that attaches to the video card AGP slof,
providing an extra measure of security. Just slide it on
and push info place.

Photo 12. Run the cable from the drives to the sockets on the motherboard,
as shown here.
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Photo 13. Seen here is the way io attach the cables from the case’s power
switch, LEDs, and speaker 10 the motherboard.

Getting Down To Business. The next task is to install the
Pentium 4 CPU’s heat sink and fan. The CPU socket on
the motherboard is a ZIF (zero-insertion force) model.
There's a locking lever that must be liffed up before
the CPU will fit. Carefully align the CPU—it only fits one
way—and let it drop down info the socket. Lightly
press it with your finger to make sure it's fully seated,
and then close the lever. The CPU comes with a
syringe of gray goop. This is thermal paste, which helps
transfer heat from the CPU into the large heat sink. Use
the syringe o squeeze a good dollop of this goop onto
the CPU (Photo 5). Then fit the heat sink onto the CPU
socket, pressing it until it clicks info place in the clips
that you've previously mounted. The fan included with
the heat sink simply snaps in place and gets plugged
into a small set of pins on the motherboard labeled
CPU Fan.

Next, mount the two RDRAM RIMMs and their termi-
nators (Photo 6). You can see the CPU heat sink in the
background of this photo.

With the motherboard mounted and CPU and
memory in place, much of the rest is simple assembly
work. The case has knockouts where we’ll have to

Photo 14. Pictured above, the main and other power connectors are
plugged in to the system.

mount the two optical drives, so a pair of pliers is used
to remove them (Photo 7).

Mounting The Drives. After you've prepared the case,
you have to mount the drives. We really loaded up our
system here. The Antec case has room for two 3.5-inch
drives, so we added an internal 250-MB lomega Zip
drive as a supplement to a standard 3.5-inch floppy
disk drive. We've found the 250-MB Zip disks to be an
effective way to send files to some of our clients who
have standardized on the lcmega drives. The Antec
case provides a slide-out cage for mounting these 3.5-
inch drives (Photo 8).

The two optical drives are mounted on raits, supplied
with the case. (The case also has a stick-on mounting
to store the unneeded third set of rails for future use, so
they won't get misplaced.) (See Photo 9.) We decided
to use both a DVD drive and a separate CD-RW drive.
The DVD was a 16X model from I/OMagic, which pro-

Photo 15. The last assembly step is to plug the Hercules 3D Prophet Ultra
video card into the AGP socker and secure the mounting screw.

vides excellent performance, but is value priced. The
CD-RW drive, one of TEAC's latest models, is also a
super performer—with 16X on CD-Rs and 10X on CD-
RWSs, a fast 40X audio rip rate, and Version 5 of Roxio’s
Easy CD Creator and Direct CD.

As you finish mounting the drives, make sure that the
drive jumpers on each drive are set correctly. Since
the DVD and CD-RW drives will be on the same cable,
set the CD-RW as the master drive and DVD as the
slave. This setup will insure that you get the fastest burn
speeds the CD-RW drive car: render. Once you've set
these jumpers, slide the drives into the case (Photo 10)
and push out the appropriate plastic plate on the
case’s front panel (Photo 11).

Finally, the Western Digital 40-MB ATA/100 hard-disk
drive was mounted in the drive cage. This drive slides
out of the Antec case with a simple lever movement,
which also makes it easy to mount a fan at the case-
side of the cage to improve airflow over the drive. The
fan isn’t absolutely necessary, but since the drive spins
at a fast 7200 RPM, we figured it wouldn’t hurt to keep
it as cool as possible.
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Introduced last year, the Pentium 4
is actually the sixth generation of Intel
processor. It is based on 0.18 micron
manufacturing technology, which
allows 42 million transistors to be used
on the CPU die. At the time this is
being written, clock speeds on the
Pentium 4 range from 1.3 GHz to the
1.7-GHz processor used in our P4
project. It is possible that by the time
this article appears, intel may have
announced even faster P4s.

One big difference in the P4- archi-
tecture is the system, or front-side
bus. Intel has bumped up the bus
speed and bandwidth. Where the
Pentium i front-side bus runs at a
maximum of 133-MHz, the P4 runs at
400 MHz, tripling the bandwidth from
1.06 Gb (gigabits)/sec to 3.2 Gb/sec
With the release of the Pentium 4,
Intel has enhanced the design to sup-
port even more robust graphic capa-
bilities. These design enhancements
take place in several areas of the
CPU. One immediate improvement
over the Pentium Il is in the amount of
memory that can be directly
addressed by the CPU—up to 64 GB

Now For The Big Finish! Once all of
the drives are installed, carefully
run the cables from the drives to
the proper sockets on the mother-
board (Photo 12). If you add the
lomega Zip 250 drive, as we did,
you'll find that you are a connector
short on the motherboard. The flop-
py drive plugs into the floppy con-
nector on the motherboard, the
hard-disk drive plugs into IDE chan-
nel 1, and the chained pair of opti-
cal-disc drives plugs into the sec-
ondary IDE channel. The lomega
Zip 250 drive also needs an IDE
interface, but since it is so much
slower than the hard-disk, you
don’t want to plug it intfo the same
channel and cable. The answer is
to add” a second IDE controller.
I/OMagic offers one for about $30.
Plug it into one of the empty PCI
slofs and run a cable between the
new controller card and the Zip 250
drive. There’'s also a second IDE
connector on the controller card,
which lets you add an additional
pair of ATA/100 hard disk drives at a
future time.

Now is also the time to attach
the cables from the case’s power

TAKING IT A NOTCH HIGHER

of physical RAM.

Intel lumps several of the new
design features under a single label,
“NetBurst Micro-Architecture.” Bundled
under this fragment of techno-speak
are a number of new features like
Hyper-Pipelined Technology, a 400-
MHz front-side system bus, Execution
Trace Cache, and a Rapid Execution
Engine. Enhancements include an
Advanced Level 2 Transfer Cache,
enhanced floating point and multime-
dia unit, and Streaming SIMD
Extensions 2 (SSE2.)

Hyper Pipelined Technology dou-
bles the number of pipeline stages.
Pipeline allows the processor to “pre-
dict” which instructions it will need to
execute next, and the P6 (Pentium |ii)
design used 10-stage pipelines. The
Pentium 4 Hyper Pipelined Technology
increases the number of pipeline
stages to 20.

Intel has also changed the cache
geometry in the Pentium 4. The P4
adds an Execution Trace Cache, which
stores decoded micro-ops, removing
the micro-op decoder from the main
execution loop. The Pentium 4’s Level 2

switch, LEDs, and speaker to the
motherboard (Photo 13). These
locations are clearly marked on the
motherboard. Plug in the main and
other power connectors at this
time, as well (Photo 14).

Finally, plug the Hercules 3D
Prophet Ultra video card in the
AGP socket and snug down the
mounting screw (Photo 15). Route
the wires so that they are neat—we
used nylon cable ties for this—and
get ready to run the system.

Aftach a monitor to the video
card, a power cord to the power
supply, and a keyboard and mouse.
We used Logitech’s Freedom key-
board and mouse, which are wire-
less, and a small RF fransceiver
that’s plugged into the keyboard
and mouse ports.

System Check. Our system pow-
ered up on the first try. If yours
doesn’t, turn it off and check to see
that all of the connectors are snug-
gled in, that the RAM is correctly
mounted in the socket, and that all
of the add-in cards are correctly
inserted in the PCI slots. One com-
mon cause of a no-boot is that the

Cache has also had its bandwidth
boosted. Where the 1-GHz Pentium iiI’s
L2 Cache has a data transfer rate of 16
GB/sec, the Pentium 4's 2 Cache
maxes out at 48 GB/sec.

Also new in the Pentium 4 design is
a Rapid Execution Engine. Two ALU
(arithmetic logic units) on the P4 are
clocked at twice the core frequency.
These units allow basic integer
instructions such as Add, Subtract,
Logical AND, Logical OR, efc., to exe-
cute in half a clock cycle.

The floating-point and muitimedia
unit has also been enhanced in the P4
by the expansion of the floating-point
registers to 128-bits, as well as the
addition of another register for data
movement.

Finally, the SSE technology that was
initiated with the introduction of the first
Pentium MMX has been extended.
SSE2 adds 144 new instructions that
will help accelerate graphics applica-
tions such as photo-image processing
and video. As with the original MMX
technology, it will be a while before soft-
ware developers take advantage of
these new SSE2 instructions.

cables to the hard-disk and/or flop-
py and/or optical drives are not
properly connected.

When the system boots, you will
have to install an operating system
(OS). This particular PC got Windows
@8SE, simply because we're pretty
happy with the way it runs. You
could also install Windows Me,
which costs about the same, or
Wwindows 2000 Professional, which is
a bit more expensive. Installing the
OS is simply a matter of placing the
CD-ROM in one of the optical dri-
ves. You may have to set the BIOS
to permit a boot from a CD-ROM
before the operating system setup
autoloads.

As Windows installs, it will ask you
for various drivers. Some of them—
like those for the embedded audio
and network adapters—are on the
CD-ROM that was included with
the D850GB motherboard. Others,
such as the driver for the I/OMagic
ATA/100 controller card and the
Hercules 3D Prophet Uitra, will be
asked for after the operating sys-
tem installs and re-boots. We found
that the installation of the operat-
ing system, along with the format-



TABLE 1

COMPONENTS AND SOURCES

COMPONENT VENDOR STREET PRICE
SX840 Case and Power Supply Antec, Inc. $149
850 Chipset Motherboard Intel $149
1.7-GHz Pentium 4 CPU Intel $329
128-MB 800-MHz RDRAM RIMMs (two) Kingston ValueRAM $118
ATA/100 IDE Controller Card 1/OMagic $ 29
56-Kbps Modem Card US Robotics $ 98
40-GB 7200 RMP ATA/100 Hard Disk Western Digital $129
16X10X40X CD-RW Drive TEAC $199
16X DVD Drive 1/OMagic $119
250-MB Zip Drive lomega $129
1.44-MB Floppy-Disk-Drive CompUSA $ 19
3D Prophet Ultra Hercules $410
Wireless Keyboard and Mouse Logitech $ 87
Windows 98SE Operating System Microsoft $189
Total System Cost $2153

SOURCE INFORMATION

Antec, Inc.
510-770-1200
www.antec-inc.com

Hercules, Inc.
514-279-9960
www.hercules.com

Intel Corp.
408-765-8080
www.developer.intel.com

I/OMagic Corp.
714-953-3000
www.iomagic.com

lomega Corp.
888-4-IOMEGA
www.fomega.com

Kingston Technology Corp.
877- KINGSTON
www.kingston.com

Logitech Corp.
800-231-7717
www.logitech.com

Microsoft Corp.
425-882-8080
www.microsoft.com

TEAC America, Inc.
323-726-0303
www.shopteac.com

US Robotics Corp.
888-904-2243 or 866-2-USR-NOW
www.usrobotics.com

Western Digital
877-934-6972 or 949-672-7000
www.westerndigital.com

ting of the 40-GB hard-disk drive,
took about an extra hour. Once
completed, however, we installed
our applications and the system
was up and running!

Saving More Money. Basically, we
went all out when building our P4
Project system, using the highest-
performance components that
were available when we assem-
bled our P4. We wanted to see
what we could save against the
equivalent, commercially avail-
able, high-end P4s being offered
by major vendors such as Compadq
and Dell.

If you are working with a tight
budget, you can get much the
same performance but save hun-
dreds of doliars more by going for
several less expensive compo-
nents. If you substitute a Geforce2
MX card, such as the $99
MagicVideo 3DMX from I/OMagic
for the Hercules 3D Prophet Ultra,
you'll save $300 right there.
Eiiminate the Zip drive, choose a
less capable (and less expensive)
CD-RW drive, and there’s another
couple of hundred dollars off of the
bottom line. If you want, you can
even substitute a combo DVD/CD-
RW drive for the two optical drives
we used. These budget moves
bring our P4 project down into the
price realm of store-bought 1-GHz
Pentium Il systems, but make it
easy to pump up the system with a

few inexpensive peripheral upgrades
in the future.

We don’t, however, recommend
skimping on the CPU—buy the
fastest version that's available at
the time that you build your system.
This is a much more expensive
upgrade to perform in the future.
Consider memory an investment as
well. While several vendors were, at
the time this was being written,
working o bring out motherboards
that used less expensive DDRRAM
rather than RDRAM, these mother-
boards won't offer the same level
of performance that RDRAM allows.
At the same time, if you need a lot
of RAM for your applications, DDR-
RAM mav be an important consid-
eration in assembling your PC.

Plug It In, Plug It In. When you have
all the components arrayed in front
of you, all in their original boxes,
your first impulse may be fo cut and
run. If you've looked through the
photos and have read the text,
you'll find that putting together
your owrt high-powered P4 is redlly
just a matter of attaching compo-
nents into the case and onto the
motherboard. Scott and Bryan. 14-
year-old brothers, put together our
P4 project system in about two
hours, taking time for photos. The
system immediately powered up,
and was ready to go once the
Windows @8SE operating system
was installed.
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In fact, the hard part is collect-
ing all the components you'll
need. That can take several
weeks if you use various mail-
order suppliers, but we greatly
recommend that you have every-
thing you need on hand before

starting. That way, the process
goes as smoothly as possible.
One last word of caution—be
careful where you purchase the
CPU. Make sure that you are get-
ting a "boxed” version of the P4,
with the proper heat sink. It may

cost you a few dollars more, but
Intel does stand behind the retail
version of its CPUs if you have a
problem.

Have fun with your new P4 sys-
tem. Don’t forget to fasten your
seat belt before booting it up! B

MP3 PLAYER
(continued from page 38)

it using the R command, or by
simply rebooting. As the firmware

runs, it will print messages about
each step as it initializes the hard-
ware, detects and scans your hard
drive, and then plays the files. If
something is wrong; the firmware

will usually print a message about
what was wrong before it returns to
the monitor, Hopefully, everything
will go well; and your MP3 files will
be playing before you know it. &

IT'S NOT WORTH THE WEIGHT.

For better health and fitness,
exercise.

AmericanHeart s

Association

© 1892, American Heart Association
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Living Errors

In the October 2001 column, at least you

didn’t use the phrase “Last month, errors
crept into the column.” 1 hate that! Errors
aren’t alive; it’s people that screw upl—
M.S., via e-mail

Ah, but it’s much more tasteful to

blame those non-sentient errors
rather than finding a scapegoat in an
individual. Besides, I'd have to blame
myself too much of the tme. Still, I'd
rather be known as a person who readily
admits a mistake as opposed to putting
on a false front as being perfect and
omniscient.

Meter or Motop?

An open-collector output could drive a
meter movement, but it would be a little
pointless, wouldn’t it? For some reason,
in the bottom circuit of Fig. 6 in the
October “Q & A,” my little circle with
brushes and an “M” in the center was
translated as a meter movement by the
layout folks. That’s supposed to be a
motor in that spot. I suppose the diode
would still be necessary if it was a meter,
but I doubt that a meter movement
would have much of an inductive kick-

back!

When the commercial and Internet
sources are dry, you have to depend
upon the benevolence of others for your
help. The search did pop up with a few
Ray Jefferson hits, and they were
embedded within a nautical forum. I
think that if you post your request on
that nautical forum and on the scan-
ner/receiver forum that I've mentioned
in a previous column, you might find
someone who has the resources you
need. Try the Strong Signals forum at
www.strongsignals.net/msgboard/index.btm!
and for the nautical forum, try www.
yachtingnet.com/forums/electronics.btml.
While you’re at it, it never hurts to post
on the Resource Bin on the Gernsback
site at www.gernsback.com. There may be
some readers who have access to this
documentation. If anyone does, let me
know; and I’ll forward that information
on to B.E.

Marine Transceiver

Twould appreciate your assistance in find-

ing a copy of the circuit diagram for a
Ray Fefferson model 987 bandbeld marine
transceiver. It appears that the manufactur-
er bas fallen by the wayside, and no infor-
mation is available on the Web or from
Sam’. The Ray Feff handbelds are suffi-
ciently similar, so that any one of their dia-
grams should provide the insight I need.—
B.E., via e-mail

Neither I nor the readers want this

column to become a manual resource
“Dear Abby,” but I think it can be help-
ful to other folks when the answer can
point out some other resources that
might be helpful for less-common types
of equipment. When Google only sends
back a few items on a search, that’s bad.

Trailer Light Wiring

DPm adding a trailer hitch to my new

2001 Saturn LS2 (I must be crazy!). I
have many applications for a rrailer hitch
with small loads under 1000 pounds. I'll be
using a universal converter (5 to 4), but I'm
still worried about shorting out my auto
lights or computer. How do these converters
operate? Any suggestions? Any protective
circustry I can add?—B. K., via e-mail

B.K. is referring to converting a car

that has separate turn signals and
brake lights to a trailer electrical con-
nector that is compatible with standard
trailer lights that share brake and turn
signal lamps. If you’re using a commer-
cial adaptor designed for this task, you
shouldn’t have any worries. In the indus-

READERS’ QUESTIONS, EDITORS’ ANSWERS

CONDUCTED BY DEAN HUSTER

try, they only refer to the actual lamp
lines, so they call it a 3-wire to 2-wire
adaptor. Reese, the venerable hitch man-
ufacturer, has such an adaptor as their
part number 85210. You can contact
them online at www.reeseprod.com. These
adapters advertise “no voltage drop” to
the lights, so I'm reasonably sure that
modern versions use power MOSFETs
for the power-controlling element, as do
modern electronic brake controllers.
Fig. | shows what would be the sim-
plest implementation that should work
in this application. To minimize voltage
drops to the lamps, use hot-carrier
(Schottky) diodes in the circuit that are
capable of handling at least 2 to 3 amps
of current. The diodes serve to isolate
the brake line from the turn-signal lines,
so that application of the brakes won’t
turn on all the lights in the world on the
back of your car and trailer. You could
build a clunkier version using relays for
no voltage drop and a lot of potential
reliability problems. Of course, if you
want a guarantee of no damage, stick
with a tried-and-true commercial unit.
If you do any wiring for the trailer
yourself, remember that automotive and
marine environments are second only to
aeronautical and astronautical environ-
ments for harshness. I suggest that you
use uninsulated crimp connectors so that
you can solder the crimps. Then double-
insulate the connections with at least
two layers of heat-shrinkable tubing.
Use lots of cable ties to firmly keep the
wiring out of harm’s way and to keep it
from flopping and vibrating. I realize
that you’re dealing with relatively smalil
towing loads, but if you do a lot of
mountain driving with a trailer, I recom-
mend trailers with brakes and adding a

¢ sTOP
RO LEFT TURN O LEFT TURN/STOP  »
M
TOWING o——p———&—————0 RIGHT TURN/STOP
e 9 RIGHT TURN 0
TAIL o— —o TAIUMARKER UALIIEE
GROUND © ——0 GROUND

Fig. 1. A simple four-diode isolation circuit for tail and brake lights can adapt a three-light automotive
system: to @ two-light trailer system with minimum voltage loss.
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brake controller to the car. They’re easy
to install and decent ones are only
around $60. Theres no need to give
your car brakes an extra half-ton to deal
with while negotiating switchbacks,
especially on slick roads where the trail-
er can push you into a jackknife or an
exciting trip down the mountainside.
There’s an active RV forum on the
Internet that may be useful for you,
especially if you decided to snap a tent
camper or inky (REALLY dinky) travel
trailer to the back of the Saturn. It has
“towing” and other categories that may
be of interest to you no matter what you
pull. The forum is a spur off www.rv.net.

Open Collector Catioose

I bave been trying to understand the

advantage of an “open collector” vs. one
without such a collector. Please explain to me
in plain layman’s language what it is and
what it can do. What are its uses?
Applications?—R.P., via e-mail

In the October 2001 installment of

“Q & A,” I covered the various appli-
cations, advantages, and limitations of
open-collector (OC) TTL logic. I
thought I'd add something here about
the logic of tying various open-collector
outputs together.

+V

Fig. 2. Open-collector non-inverting buffers with
their outputs tied together create AND gates.

If you tde OC non-inverting buffer
outputs together, you will end up with
an AND truth table. All it takes is one
buffer per AND input, as shown in Fig. 2.
If you tie OC inverter outputs together,
you have a circuit with a NOR truth table
as shown in Fig. 3; again, each inverter
input becomes one of the NOR inputs.

Multiple OC NOR gate outputs can
be connected together and the result is
just a wider NOR gate. Interestingly, you
can connect either NOR gate or invertor
outputs together, as shown in Fig. 4.
The whole circuit operates as a wide

+V
o

b
-
-
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Fig. 3. Open-collector invertors with their outputs
tied together create NOR gates.

NOR gate, no matter the combination of
invertors or individual NOR gates.

Like the NORs, multiple OC AND gate
outputs can be connected together. The
result is a wider AND gate, as illustrated

ot

Y

Fig. 4. Multiple NOR gates make wider NOR gates,
while invertors added to the circuit add more NOR
gate inputs.

in Fig. 5. In a similar fashion, you can
connect non-inverting buffers with the
AND gates, and the whole circuit will
operate as a huge AND. gate no matter
how many buffers and/or AND gates are
in the circuit.

Fig. 5. Mulriple AND gates make wider AND gates,
while non-inverting buffers added to the circuit
add more AND gate inputs.

If you try to connect OC NAND gates
or OC OR gates together, you'll end up
with some weird truth tables. The same
will be true if you connect an OC NAND
with an OC inverter or a non-inverting
OC buffer. An OC OR connected with
OC inverter or non-inverting buffer will
also produce an odd truth table.

DMM Diode Test Function

T'was reading the August 2002 issue and

got to your “Q & A” section where you
answer a reader’s inquiry on testing transis-
tors with @ DMM’s (digital multimeter)
diode-test function. Could you tell me whar
brand and model DMM you were using?
Your DMM seems to either be designed
peculiarly or bave a problem on its diode-test
Sfunction if it reads “3.00” wvolts across a
reverse-biased junction! In over 20 years as
a professional electronics service tech, I've
never run across a DMM that gave a volt-
age reading with a good silicon reverse-
biased junction. Also, you might mention
that most DMM diode-test ranges read
about 0.4 to 0.5 volts for a forward-biased
power transistor junction like that of a
25C3856 and about 0.6 to 0.7 volts for a
small-signal device like a 2N2222.—D.H.,

via e-mail

I guess that was a little confusing.

Most DMMs are 3%- or 4%-digit
models with a maximum reading of 1999
or 19999. With a 3-volt internal source,
they would indicate “OL” vs. the actual
voltage on a reverse-biased junction. I
happened to be using an inexpensive
Elenco LCM-1950 3%-digit DMM with
a maximum reading of 3999, which
doesn’t produce an “OL” at the 3-volt
level. I'd been using this particular
model so long that I didn’t even consid-
er the fact that most other DMM:s would
operate differently. Of course,. any
DMM manufacturer could design their
box so that it used a less-precise range
for indicating a higher bias voltage, but
most don’t.

Your observation is certainly valid,
and your point is well taken. Since I was
working with a “less-normal” DMM,
readers should be aware that most
DMMs will not indicate a reverse volt-
age over 1.99 volts and will instead indi-
cate “over range” with the typical “OL”
display.

It should be noted that any forward-
biased semiconductor junction does not
always adhere to the texthook 0.7 volts.
Larger, clunkier junctions of power




transistors tend to read lower for a given
current than a small-signal transistor.
For instance, a 1IN4001 rectifier diade
may indicate 0.6 volts on a DMM diode-
test function, but in operation can have
as much as a 0.9-volt forward drop when
running at its full one-amp rating.

Since 1972, T've always had some
form of a Tektronix semiconductor
curve tracer at my disposal, and some-
thing like that can spoil you rotten. For
the last four years, I've not had a work-
ing curve tracer at all, no time to get one
of the two I have repaired; and it’s really
hard for me. The transistor test function

of a DMM just doesn’t get it. The week-
ly meetings don’t help much either.
“Hello. My name is Dean. And I cant
work without a curve tracer.”

Inductive Audio Loop

I would like to see a schematic of a con-

stant current amplifier with at least 20
watts output! | wish to construct such an
amplifier to drive an inductive andio foop for
hard of hearing people . —via e-mail

Back when 1 was a teenager, I used an
inductive loop so that my headphones

HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
www.poptronics.com for information and files
relating to Poptronics and our former maga-
zines (Electronics Now and Popular
Electronics) and links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci.elec
tronics.repair, Sci.electronics.components,
sci.electronics.design, and rec.radio.ama
teur.homebrew. “For sale” messages are per-
mitted only in rec.radio.swap and misc.
industry.electronics.marketplace.

Many electronic component manufac-
turers have Web pages; see the directory
at www.hitex.com/chipdir/, or try address-
es such as www.ticom and www.motoro
la.com (substituting any company’s name
or abbreviation as appropriate). Many IC
data sheets can be viewed online:
www.questlink.com features IC data
sheets and gives you the ability to buy
many of the ICs in small quantities using a
credit card. You can also get detailed IC
information from www.icmaster.com, which
is now free of charge although it formerly
required a subscription. Extensive informa-
tion about how to repair consumer elec-
tronic devices and computers can be found
at www.repair faqg.org

Books: Several good introductory etectron-
ics books are available at RadioShack,
including one on building power supplies.

An excellent general electronics text-
book is The Art of Electronics, by Paul
Horowitz and Winfield Hill, available from
the publisher (Cambridge University Press,
800-872-7423) or on special order through
any bookstore. Its 1125 pages are full of
information on how to build working circuits,
with a minimum of mathematics.

Also indispensable is The ARRL Handbook
for Radio Amateurs, comprising over 1000
pages of theory, radio circuits, and ready-to-
build projects, available from the American
Radio Relay League, Newington, CT 06111,
and from ham-radio equipment dealers.

Back issues: Copies of back issues of and
past articles in Electronics Now, Popuiar
Electronics, and Poptronics can be ordered
on an “as available basis” from Claggk, Inc.,
Reprint Department, PO. Box 12182,

Hauppauge, NY 11788;Tel; 631-592-6721.To
ensure receipt of the correct material, readers
must supply complete information on the arti-
cle or issue that they wish to buy.

Poptronics and many other magazines are
indexed in the Reader’s Guide to Periodical
Literature, available at your public library.
Copies of articles in other magazines can
be obtained through your public library's
interlibrary loan service; expect to pay about
30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214; (800-428-7267).
The free Sams catalog also lists addresses of
manufacturers and parts dealers. Even if an
item isn't listed in the catalog, it pays to call
Sams; they may have a schematic on file
which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuals, PO Box 802, Council Bluffs, IA
51502, and Manuals Plus, 130 N. Cutler Dr.,
N. Salt Lake, UT 84054.

Replacement semiconductors: Replace-
ment transistors, ICs, and other semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (SK), are available through
most parts dealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory (supplied as a large book and on
diskette) tells you which one to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “25" in a Japanese
type number is usually omitted; a transistor
marked D945 is actually a 25D945.

Hamfests (swap meets) and local orga-
nizations: These can be located by writing
to the American Radio Relay League,
Newington, CT 06111; (www.arrl.org). A
hamfest is an excellent place to pick up
used test equipment, older parts, and other
items at bargain prices, as well as to meet
your fellow electronics enthusiasts—both
amateur and professional.

didn’t have me leashed to the shortwave
receiver. I could listen late at night with-
out bothering the rest of the family
while T continued to work on other pro-
jects. For the uninitiated reader, an
inductive-loop system is nothing more
than a giant audio transformer. It
worked very well for me with about four
turns of wire as the primary around the
perimeter of my 150-square-foot shop
area, and driven directly by the 3-watt
output of the receiver in place of the
speaker. [ used the little amplifier from a
small portable reel-to-reel tape recorder
with a couple of hundred turns of wire
around a ferrite rod as the transformer
secondary. It was connected to the for-
mer tape head input of the amplifier.
The amplifier and ferrite bar were
attached to one earpiece of the head-
phones, which were comnected to the
amplifier output. The system was a great
monophonic wireless headphone system
that had no “dead spots” as a more mod-
ern infrared system might have.

I don’t understand why vou would
need a constant-current source.
Normally those are used for instrumen-
tation loops where an off-the-shelf
transmitter might be connected to any
length of signal line to the receiver and
must have a range of compensation to
keep the output at an accurate level at
the receiver. It appears that vour induc-
tive audio loop would be installed per-
manently in one location, so you would
not have to deal with any resistance
changes.

I would decide what loop impedance
I needed by determining the minimum
wire gauge I want to use. For instance, if
you settle on 18-gauge wire with 6.51
milliohms of resistance per foot, vou can
calculate that 4 ohms would have a
length of about 614 feet. If the room
you're working with has a perimeter of
100 feet, you would run six turns of the
around the room. An 8-ohm
impedance would require 1200 feet of
wire and 12 turns around the room. A
lower impedance is the better choice for
maximizing the output capabilities of a
typical solid-state amplifier.

Conmnecting the wire ends to the out-
put of an amplifier rated for your 20 or
30 watts should do the trick. You can
adjust the loop impedance by increasing
or reducing the number of turns or by
changing the wire gauge. The larger the
room, the higher the power you might
have to run in the primary turns around
the room for good pickup by the

wire
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- FREE CATALOGS

e

64 pgs., Test
Equipment Catalog,
see pg. /5

96 pgs., Electronic
Components and kits
see pg. 66

Projects and Kits Catalog,
see pg. /1

144 pgs., Home
Automation Products,
see pg. 67

Amazing Science
Devices Catalog,
see pg. 68

receivers. Nothing says that you can’t
drive it from a 70.7-volt system along
with the rest of the speakers using the
right transformer, providing your power
amplifier has enough headroom for the
larger-than-normal speaker load.

For a more reliable system, I'd rec-
ommend going the wireless RF (radio
frequency) route. Commercial units
have no “dead spots,” have a range out-
side of the auditorium (great for “cry
rooms”), and are much easier to install.

FREE DOWNLOADS

Robotic Kits Catalog,
see pg. 67

Free PCB Layout Software,
see pg. 72

Electronic Surplus and
Components Catalog,
see pg. 66

Free Trial Circuit
Design Software,
see pg. 67

Radio Data Modules Catalog,
see pg. 68

FREE DEMO TAPE

Reflections

When I was living in Oklahoma City, 1
lost two good friends in the Alfred
Murrah Federal Building bombing. We
heard and felt the explosion and Honda,
my wife who is a registered nurse, was
with some of the first groups at the site
providing help at the rescue workers’
first aid tent. Devastating as that was, it
is but a small fraction of what our many
triends in New York are experiencing at
this time in September as I finish this
month’s column. My prayers are for
those families and their tragic losses, for
the injured, for the rescue workers, for
the families of the rescue workers who
died that others might live, for our lead-
ers as they work through the issues that
must be confronted, and for our nation
and its citizens. “Let there be peace on
Earth, and let it begin with me.”

FCC License Training Facts,
see pg. 64

Audio Products,
Free Brochure and Demo,

see pg. /3

Cable/Video
Products Catalog,
see pg. /3

Video Technology Catalog,
see pg. 63

ELECTRONIC GAMES

BP69—A number of interest- [N
ing electronic game projects KR

using IC's are presented. In-
cludes 19 different projects
ranging from a simple coin flip-
per, to a competitive reaction
game, 1o electronic rouleite, a
combination lock game, a
game timer and more. To
order BP69 send $4.99 clear-
ance (includes s&h) in the
US and Canada to Electronic
Technology Today Inc., P.O. Box 240, Mass-
apequa Park, NY 11762-0240. US funds only.
Use US bank check or International Money
Order. Allow 6-8 weeks for delivery. MAO7

Writing to 0&A

As always, we welcome your ques-
tions. Please be sure to include:

(1) plenty of background material,

(2) your full name and address on the
letter (not just the envelope),

(3) and a complete diagram, if asking
about a cireuit; and

(4) type your letter or write neatly.

Send questions to Q&A, Poptronics,
275-G Marcus Blvd.,, Hauppauge, NY
11788 or to g&a@gernsback.com, but do
not expect an immediate reply in these
pages (because of our backlog). We
regret that we cannot give personal
replies. Please no graphics files larger
than 100K. P

BUY BONDS
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ROBOTIGS WORKSHOP_—

mailto: roboticsworkshop@gernsback.com

p——_ |

Rohot Simulation

L ast month, my article dealt with cre-
ating a formula that would correct a
robot’s course while it was traveling
down a hallway.

The robot described in that article is
shown in Fig. 1. It used two drive
wheels, each with its own motor. One
drive wheel is placed on each side of the
robot, and a coaster is in the back with
the weight of the batteries holding it
down. Given this configuration, the
robot makes turns by slowing down the
wheel on one side, while speeding up the
wheel on the other side.

Correction Angle

The course correction formula took
the input values from two infrared dis-
tance rangers and, using a little
trigonometry, calculated the speed need-
ed for each drive wheel of the robot.

As shown in Fig. 2, if the robot is not
in the middle of the hall, then the cor-
rection angle for turning to return to the
middle can be derived by taking the ratio
of the robot’s offset from center (Y) and
the distance to a point out in front of the
robot (X) in an Arctangent calculation.

[ CorrectionAngle = Arctangent(Y/X) ]

The Y value was easy. It was calculat-
ed from the Infrared Distance rangers
on the robot. (discussed in detail last
month). The X value in the formula,
however, is an unspecified point in front
of the robot. Any distance, within cer-
tain limits, can be used. If the distance is
too small, then the robot will overcom-
pensate for being out of center and will
wind up weaving back and forth around
the center of the hall. If the distance is
too large, then the second angle of cor-
rection will not adequately overcome
any mechanical error. The correct dis-
tance really depends on the mechanics of
your robot and needs to be tuned.

The question now is: How to tune
the value for X? The most mathemati-

e

SCOTT M. SAVAGE

LEFT WHEEL
—

COASTER WHEEL

s
RIGHT WHEEL —"

\

Fig. 1. If both wheels are turning at the same speed, the robot travels straight down the hall.

cally correct answer would be to take the
RPM rating for the motors, the gearbox
reduction, the total voltage supplied
from the batteries, the distance between
the wheels, the diameters of the wheels,
the total weight of the robot, and the
total friction of the robot’s drive train all
together in a complex formula. After
evaluating that course of action for a
very short period of time (a very short
period of time), I decided it would be
much faster to just make an educated
guess and make up a number to try. I fig-
ured this should be easy.

After a little more contemplation, 1
started thinking that the guessing game
could turn into an extraordinarily
tedious chore. Just imagine how many
times one would need to pick a number,
code it into the robot’s program, put the
robot in a test area, test the robot, and
then based on how the robot failed,
guess a new number, and repeat the
process.

An easier and more enjoyable solu-
tion was found in an unusual source,
Cognitoy’s MindRover. This computer-
based robot simulation allowed me to

Fig. 2. When the robot is not in the middle of the hall, a second angle of correction can be calculated.
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The €unopa Project

Fig. 3. Cognitoy’s MindRover is a robotic sim-
ulation program.

build and test a prototype in a virtual
environment, which saved hours of time.
The code used to control the virtual
robot could be sent to an OOPic in
order to control the actual physical
robot.

Let’s examine MindRover closely.

Cognitoy’s MindRover

Cognitoy’s MindRover (as seen in Fig.
3) is a PC game, and, as such, has found
a large following in the PC gaming
group. Now, I am not much of a gamer,
but I found that MindRover worked, for
me, more like an unusually fun utility for
robotic simulation and testing.

From a gamer’s point of view,
MindRover takes you to a whole new
level of participation within the game.
You are actually required to wire the
robot’s functionality. By this, I don’t just
mean wiring a power supply to the drive
system; I mean actually creating the
wiring for the robot’s brain. CogniToy
calls it “3D strategy/programming.”
This process all takes place with a 3D
environment and graphical wiring sys-
tem. MmdRover’s slogan prompts the
gamer to “think more and twitch less.”

The players construct small virtual-
reality robotic “rovers” that compete
with one another in a variety of chal-
lenges. What’s particularly different
from other games on the market is that
in the end, it’s not just a matter of choos-
ing a weapon from the keyboard and dri-

With

Fig. 4. the  construction lab’s
“Component” page, players choose bodies, dri-
velrains, sensors, weapons, and manipulators
for their robots.

ving around with the joystick, frantically
pressing the fire button. The player
actually programs the robot’s behavior
before the testing and competition
begins, just as a real robot would
require. This makes MindRover robots
autonomous. CogniToy took that a step
further even by giving their virtual-real-
ity autonomous robots the ability to
become real robots by downloading the
robot’s program to an OOPic or to a
LEGO RCX pack—effectively taking
the robots off the screen and putting
them on the floor.

Fig. 5. Using the construction lah’s
page, playvers wire the components together.

“Wiring ™

In the construction lab portion of the
game, players choose bodies, drivetrains,
sensors, weapons, and manipulators for
their robots from a large array of possi-
bilities (Fig. 4); and then they visually
wire these components together to give
each rover a unique set of behaviors
(Fig. 5). The rover is then moved to the
competitive arena and set free (Fig. 6).
In the arena, the robot’s design is tested
in a real-time 3D simulation, where it
can compete with other robots, or, in my
case, tune the formula for tracking the
wall—a nice, neat solution.

MindRover has three types of robotic
vehicle chassis: wheeled, treaded, or
hovercraft, and each comes in varying
sizes. MindRover also supports three
major categories of competition: Race,
Sport, and Battle, as well as a miscella-
neous category and tutorials. In the
Miscellaneous category, players find
puzzles, mazes, hunts, and other unique
problem-solving tasks.

I am sure that some of you out there
are already imagining what kind of
Battle-Bot to build with this.

Underlying the game is an accurate
physics simulation system and a com-
plete object-oriented programming lan-
guage, ICE, which CogniToy developed
for this game. ICE forms the foundation
of the entire game and is used for every-

Fig. 6. The arenua is used 10 test the robot's
design in a real-time 3D simulation.

thing. The arenas, the goals, and all the
intelligence in the game—even parts of
the user interface—are all coded in ICE.
MindRover and OOPics

By chance, T met Kent Quirk, the
CEO of CogniToy and designer of
MindRover at the Trinity College Fire
Fighting Robot Contest in 2000. At that
time, he was looking for a method of
taking  MindRover’s  virtual-reality
autonomous robots off the screen and
putting them on the floor. What he
needed was a microprocessor that used
an  Object-Oriented  programming
model. After some discussion, we both
quickly realized that not only did both
the OOPic and MindRover use an
Object-Oriented programming model,
but both products also used a method of
wiring the Objects together that allowed
the Objects to exchange data in a mult-
tasking environment.

One major difference between the
OOPic’s wiring method and MindRover’s
method that had to be overcome was
that when a connection was made
between the Objects in the OOPic, the
Object’s data was continually updated
between the Objects. In MindRover,
when a connection was made between
the Objects, the data was updated only
when an event occurred. It might also be
noted that in MindRover the Objects are
referred to as “components” and that in
the OOPic components are referred to
as “Objects.”

With this in mind, Kent and I set out
to create updates that would allow
MindRover to simulate a robot in virtual
reality and download its program direct-
ly into an OOPic, which would control a
robot in reality.

For the OOPic, the changes that
were required for this alliance can be
found in the OOPic II in the form of
Clocked Objects. These Objects work
like MindRover counterparts that trans-
fer data when an event occurs.



For MindRover, the changes are avail-
able as a software add-on that is installed
after the MindRover program is installed.
This add-on creates an OQOPic program
that is the function equivalent of the
MindRover ICE program.

A chart showing the similar
Objects/components can be found at
www.oopic.com/mre.btm.

Using MindRover

To help the players get started, using
MindRover, the game comes with a pro-
gramming tutorial scenario that guides
players through building and wiring
your first robotic rover. The robotic
rover built in the tutorial is a hovercraft
with two thrusters that uses a set of cam-
ponents called “MediumRadar” to
detect other robotic rovers and objects
in the scenario. You can set the proper-
ties of the radar to define a cone-shaped
area where the radar is looking. When a
vehicle or other object comes into the
cone of the radar, the radar triggers a
“TurnOn” event. When an object leaves
the cone, the radar triggers a “TurnOff”
event. The information that was gath-
ered from the “MediumRadar” compo-
nent is then used to hunt down and tag
an opponent. To keep the tutorial from
getting too complicated, the opponent
in the tutorial doesn’t move.

While creating and wiring your
robotic rover, a display box is shown at
the top of the screen that lists icons for
all the available components. Clicking
on the icons will give a name and
description of the component. The
components are placed on the robotic
rover by dragging them to the rover and
dropping them in place. When they are
placed on the robotic vehicle, they
appear as small icons in the lower right
corner.

A feature of the design environment
that [ really like is that by clicking or the
body of the vehicle with the right mouse
button, you can drag it around and it will
rotate in place. This feature allows you
to preview what it will look like from all
angles.

Component Properties

Once the components are placed, the
robotic rover needs to be programmed.
This is done in the “Wiring” secticn of
the construction lab. In this screen, you
configure and connect the components
you have just placed on the robotic
rover, making them work together to
accomplish the goals of the scenario.

The tutorial guides you through config-
uring the components with a collection
of input boxes, slide bars, and wheels.
Each component requires configuration,
and the tutorial gives recommended val-
ues for each of these. After you try the
recommended values in the real-time
simulation, different values can be
experimented with to see how they
affect your robotic rover’s behavior.

Wiring Components Together

When something passes in front of
either radar, the radar will send out a
signal. The wires are used to instruct the
robotic rover what to do when it sees
that signal. In order to create a wire, you
click and drag from the component’s
icon. This will cause a drag box to
appear. When the drag box reaches
another component, a wire will appear.
Releasing the mouse button will create a
wire. This also brings up a property box
with information on that wire on the
right side of the screen. The properties
that are shown in that box describe the
function of that wire.

As seen in Fig. 7, the tutorial wires
are created between the “Medium-
Radar” components and the “Thruster”
components in such a way that if the one
of the radars spot the opponent rover, it
will steer the hovercraft towards it by
firing the thruster on the opposite side
of the robotic rover. Lastly, a set of wires
is added that tell the radars to turn off
the thrusters that aren’t being used.

Fig. 7. Wires are formed between radars and
thrusters, creating the program for this robotic
rover.

Testing It Out

Clicking on the “GO” button in the
lower left of the console starts the simu-
lation. When you do this, you just sit
back to watch your robotic rover go to
work. When the robotic rover reaches
the opponent, a message saying so
appears and asks you if you want to see a
replay, restart this scenario, continue, or

go back to the console. “Return to con-
sole” will give you the ability to tweak
your robot, add components, and start
the competition again, or even start a
new scenario.

Next Month

Next month, I will discuss how to
create a virtual-reality robotic rover.
After testing it in virtual reality, T will
explore how to move it off of the screen
and on to the floor.

On The Web

More information on Cognitoy’s
MindRover can be found at www.min-
drover.com. More information on the
OOPic can be found at www.oopic.com. 1

Introducing Robotics with
Lego® Mindstorms™

For Robot Lovers. Shows how to build a
variety of increasingly sophisticated com-
puter-controlled robots using the brilliant
Lego mindstorms Robotic Invention System
(RIS). Covers the fundamental building tech-
niques needed to construct strong and effi-
cient robots. Explains to the reader how robot
control programs may be simply constructed
on their PC screens.
Detailed building in-
structions are provided
for all the robots fea-
tured. 270 pages, 7172
x 105/7in. $19.99.

Plus $2.45 shipping
in U.S. Order from
CLAGGK Inc., PO. Box
12162, Hauppauge, NY
11788 CLX1

Electronic Projects 1.0
By Max Horsey

A series of ten projects to build along with
audiovisual information to support hobbiests
during construction. Each project is complete
with schematic diagrams, circuit and PCB
layout files, component lists and comprehen-
sive text to guide the hobbyist through the
project. A shareware version of CAD-
PACK—schematic capture and PCB design
software is also provided. Projects include a
reaction timer, logic probe, egg timer and
seven more. Get
your own copy of
this CD-ROM today.
$75 including ship-
ping in the U.S.
Order from CLAGGK
Inc., PO. Box 12162,
Hauppauge, NY
11788. Visa, MC,
Discover, OK.

Enriromis Prajeiti 13
i M By

CLX2
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UFD Detector Pa

o Unidentified Flying Objects

(UFO’s) exist? Of course, they exist!
UFO sightings are reported all over the
world by thousands of people. The real
question is whether UFO?s are interstel-
lar travelers visiting Earth. Most UFO
sightings can be classified as misidenti-
fied aircraft, planets, or other aerial phe-
nomena, but not all of them. There is
that small percentage of UFO reports
that can’t be explained by any known air-
craft or natural phenomena. It is these
reports that create an exciting possibility.

Granted, the open possibility attracts
fringe personalities and UFO groups
that should not be taken seriously. But
one should not discount the entire UFO
subject based upon the ramblings of a
few individuals or groups. Real UFO
enthusiasts know the odds are stacked
against their credibility and try to root
out lunatics and hucksters as best they
can.
The UFO issue can be intelligently
debated on both sides of the fence. This
article will not join into the debate.
However, if UFOs arouse your curiosity
you may be interested in building this
month’s project: a UFO Detector.

The first question is how do we
detect something we don’t even know
really exists? Well, to do so we must rely
on information gathered from past UFO
sightings. According to many reports,
some UFQ’s cause major electrical and
magnetic disturbances and anomalies.
For instance, a running car engine will
start to stumble, cough, and then even-
tually stall dead. Magnetic compasses
swing wildly, around and around. If this
information is accurate, we can use these
UFO side effects to make a UFO detector.

By using the magnetic anomaly side
effect, we can make a simple UFO
detector from a standard magnetic com-
pass. You place the compass down, away
from any magnetic fields, electrical
fields, and ferrous materials. Let the

TOP @

SIDE

111

A
1490 DIGITAL COMPASS
12 3
00 O©
1 o o\ 14
2 (o] o)2
3 [e) o/ 3
TOP VIEW o000
LOOKING
THROUGH 321
COMPASS
B

OUTPUT
NPN

“ALL DIMENSIONS IN INCHES

Fig. 1. Shown here is the schematic for the 1490
Digital compass from Dinsmore Instrument Co.

compass needle settle down and point to
Earth’s magnetic north. The compass-
detector is now set; you sit and watch
the compass needle. If the needle starts
jumping around and swinging wildly,
you may have detected a UFO.
However, just because the needle started
jumping around doesn’t always mean it’s
detecting a UFO. There can be other
(more common) reasons that the com-
pass needle started to act erratically.
For instance, somebody passing the
compass holding a strong permanent

JOHN IOVINE

magnet or carrying a quantity of ferrous
materials could cause the needle to
move. If the compass is lying close to an
electrical line and someone switches
electrical power on or off through the
line, this action can also cause the com-
pass to react. Placing the compass close
to any electrical device may also cause
the compass to react erratically. After
eliminating these possible terrestrial
triggers, you may be left with a legiti-
mate event to investigate.

Typically, UFO sightings are rare
events. Therefore, you may have to keep
looking at that compass for days, weeks,
months, or years at a time before you
detect an event. Obviously that is not
practical, and that is where our UFO
Detector comes in. The UFO Detector
described operates 24 hours a day, seven
days a week, for over six months on one
9-volt battery.

Circuit Function

The UFO Detector works in a simi-
lar way to the method described earlier
that used a magnetic compass. Since this
is an electronic circuit, we are using an
electronic compass. The electronic
compass for our detector is a 1490 digi-
tal compass sold by Dinsmore
Instruments Company. A pre-pro-
grammed 16F84 continuously monitors
and checks the status of the compass for
any anomalies. When it detects a mag-
netic anomaly, it signals by flashing an
LED and beeping.

The Digital-Compass Sensor

The 1490 compass contains four
solid-state Hall-effect devices. Each
device corresponds to a position of the
four cardinal points on a standard com-
pass, North (N), South (S), East (E), and
West (W). When used as a compass, it
can detect the four cardinal points as
well as the intermediate directions

North East (NE), North West (NW),
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Fig. 2. This basic digital compass circuit allows the user to test the operation of the compass.

South East (SE), and South West (SW).

The bottom of the device has a total
of twelve leads, arranged in four groups
of three leads. Looking down at the
device from the top, you can see that
each group of leads is labeled 1, 2, and 3
(see Fig. 1). The group of leads labeled 1
is connected to Ve (+5V). Those
labeled 2 are connected to ground, and
those labeled 3 are our output leads. The
output leads of the device are equivalent

to an open collector of an NPN transis-
tor (see Fig. 1). Each output is capable of
sinking 20 mA continuously or 25 mA
intermittently.

Figure 2 is a basic compass circuit. I
am presenting this circuit to clearly
illustrate how the Dinsmore sensor
works; it isn’t necessary to construct this
circuit for the UFO Detector. The cir-
cuit uses four LEDs for directional dis-
play. Each cardinal position on the com-

pass lights one of the four LED:s.
Intermediate directions light two LEDs.

To use the circuit in Fig. 2 as a digi-
tal compass, we need to calibrate the cir-
cuit. First, find the direction of magnet-
ic north with a standard compass. Rotate
the circuit so that just one LED is lit.
Use that LED as North. I used the LED
furthest away from the sensor for North
(see Fig. 1). If you also follow the wiring
in the schematic exactly, the other three
LEDs will fall into the sequence shown
in Table 1. (1 = on, 0 = off)

The 1490 Digital Compass sensor is
sensitive to tilt. Any tilt greater than 12
degrees will create errors and reduce
sensitivity.

Under Control

The UFO-Detector (see Fig. 3) uses
a pre-programmed 16F84 microcon-
troller from Images SI Inc. (see Parts
List). The microcontroller is responsible
for monitoring the four outputs from
the digital compass and sounding an
alarm when a potential UFO event has
occurred.

When power is applied to the cir-
cuit (or reset), the microcontroller
waits about seven seconds before
beginning active scanning of the digital
compass sensor. These seven seconds
allow the user to place the UFO detec-
tor down wherever the user wants and

+8V
[=]
3
14
R7 1".: R3 <
47K ¥ Ve rao |17 R1 10K ¥ LED1
o 2 b
4 18 1 3 10K R2 = R4 &
; MCLA Ral— 10K < 10K :: -
Raz — 3 1
O
o - : "
10uF B 2 2
RATOCK] . e —a RS
RBVINT 100K
SPKR1 7 1490
o P 312 DIGITAL
5 RBZ COMPASS
Vi rea 8 R6 <
3300 ¥
11 Aaal1°
PIC16F84 i
RBE >
12 RS &
ABs q 100k ¥
RET
<
0562 0561
15 16
+8V
XTAL1
22pF 40 22pF
MHz

Fig. 3. The UFO-Detector circuit schematic is shown above. A PIC microcontroller is used to mon-

itor and control the compass.



DIRECTION LEDs
North 0001
North East 0011
East 0010
South East 0110
South 0100
South West 1100
West 1000
North West 1001

PARTS LIST FOR
THE UFO DETECTOR

SEMICONDUCTORS

IC1—PIC16F84, pre-programmed
microcontroller

1C2—S5-volt voltage regulator

LED|—Green. super-bright LED

RESISTORS

(Al resistors are Y%-watt, 5% units.)
R1-R5—10.000-ohm,
R8-—100,000-ohm

R7—4.7K-ohm

R6—330-ohm

CAPACITORS
C1, C2—10-pF capacitor, 12 volts
C3—.1-pF capacitor. 12 volts

ADDITIONAL PARTS

AND MATERIALS

Dinsmore 1490 Digital Compass

X1—4.0-MHz crystal

(2)—22-pF capacitors, 12 volts
(for crystal)

9-volt battery clip; mercury tilt switch;
miniature speaker (approx |-inch
diameter, 8 ohms); UFO-detector
housing: 9-volt lithium battery.

NOTE: UFO Detector Kit containing
two printed circuit boards, and all the
components listed above, ($ 39.95)
can be ordered from Images SI. Inc,
39 Seneca Loop, Staten Island, NY
10314; 718-698-8305;
WWWLINIAgesco.con.

The foilowing components are sold
separately from the same supplier:
Dinsmore 1490 Digitai Compass,
$14.95; PIC16F84 pre-programmed
microcontroller, $8.95; 9-volt lithium
battery, $8; Area 51 UFO Model
(separate delivery charge), $25; alien-
head sculpture (separate delivery
charge), $99.95.

TABLE 1

DECIMAL NUMBER EQUIVALENT

to 4 O W

O 0

gives sufficient time for the digital
compass to come to a complete rest
before it begins scanning. After the ini-
tial seven seconds have elapsed, the
microcontroller flashes the LED and
beeps once signaling it’s in detector
mode. Tt reads the positional informa-
tion from the digital compass and
stores that value in memory.

The microcontroller then begins
active scanning of the digital compass
sensor for any changes in its output.
However, it does its scanning in an eco-
nomical way. In order to conserve elec-
trical power, the microcontroller goes
into a low-power mode for approximate-
ly 2 seconds. It wakes up for approxi-
mately 4 milliseconds (.004 seconds),
applies power to the muin circuit, and
checks the digital compass sensor. If the
output of the compass is the same as the
stored value, it goes back into fow power
mode for another two seconds and
repeats the cycle. If the new reading
from the sensor is different then the
stored valued, the microcontroller
sounds an alarm by blinking a super-
bright LED and beeping. The alarm will
continue until the circuit is reset or the
battery runs down.

Since the circuit is only active and
drawing full power for .004 seconds
every 2.0 seconds, considerable power
savings are realized. This allows a 9-volt
lithium battery to last longer than six
months while in the search or detector
mode 24 hours a day. When the alarm is
active, full power is applied to the circuit
continuously; and the battery life runs
down much more quickly.

Battery Power

Although the 9-volt lithium battery
looks identical to a standard 9-volt tran-
sistor battery, the lithium battery has up
to three times the power density of the
standard battery. However, that ISNOT
the primary reason we use a lithium bat-
tery in the UFO detector. The primary
reason is the battery’s non-metallic,

The Area 31 UFO Model from the Testor
Company can be used as a housing for the project.

non-ferrous case. Standard carbon and
alkaline 9-volt batteries use a metallic
ferrous material that will adversely affect
the sensitivity of the digital compass
sensor.

There is a small amount of ferrous
material used in the construction of a
lithium battery—the terminal clips on
top of the battery. If the terminal clips
are placed away from the sensor, they do
not affect -he sensitivity of the digital
compass to any great extent.

While we are on the subject of keep-
ing any ferrous material away from the
sensor, the small 8-ohm speaker should
also be placed away from the sensor for
the same reason.

Get It Mounted

It may appear odd to discuss hous-
ings for and mounting of the finished
circuit board before we actually begin
the circuit construction, but there is a
good reasen for it. The finished UFO
Detector board will occupy a space of
I X 1.5 » 2.5 inches. There will be

This “Grev” alien-head sculpture, said to be
“lite sized."can also be used as an appropriate
housing for the UFO-detector circuit.
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Books that Bridge
Theory & Practice

Many electronics enthusiasts discovered that the bridge from class-
room theory books to hands-on project building is difficult to span
at times without a handy pocket guide. Even the equipment manual to
operate a gadget often makes things murkier rather than clearer. A com-
pact text authored by a seasoned expert with hands-on knowledge and a
knack of writing in an easy-to-understand style is many times more valu-
able than the price of ponderous theory and equipment manuals or the
parts for a project that could be damaged. Here’s a sampler of some titles
you may want to own!

ELECTRONIC HOBBYIST DATA BOOK—The info you need to transport you

from the schematic diagram to project parts. Pin-outs, color codes, truth tables,
parts parameters, etc. Order BP396- $10.99 Includes S & H

PRACTICAL INTRODUCTION TO SURFACE MOUNT DEVICES—A technolo-
gy that spun off the automated assembly line into the grasp of experimenters
and project builders. Order BP411- $9.99 Iincludes S & H

THE PRE-COMPUTER BOOK—Aimed at the absolute beginner with little or
no knowledge of computing. A non-technical discussion of computer bits and
pieces and programming. Order BP115- $2.99 Plus $2.00 S & H

PRACTICAL OSCILLATOR CIRCUITS—If your budding project requires an
oscillator, you can design it and build it from the many types described here in
a hobbyist-friendly style. Order BP393- $9.99 Includes S & H

PRACTICAL PIC MICROCONTROLLER PROJECTS—This book covers a
wide range of PIC based projects. In most cases the circuits are very simple and
they are easily constructed. Order BP444- $7.99 Includes S & H

: . . wales M
> Frinddutlicn 1o
o Bafete bl # awason
B e

" BP3%6 BP411

Electronics Technology Today Inc. Number of books ordered :]i
P.O. Box 240 |

Massapequa, NY 11762-0240 Amount enclosed $
Please send me the following book(s) that I checked:

Sorry, no orders accepted outside the USA and Canada. All paynents must be in US
t funds! NY state residents must include local sales tax. Allow 6-8 weeks for delivery.

-

O BP396 - Electronic Hobbyist Data Book—$10.99

O BP411 - Practical Introduction to Surface Mount Devices—$9.99

O BPI115 - The Pre-Computer Book—$2.99 + $2.00 S & H

O BP393 - Practical Oscillator Circuits—$9.99 . i
O BP444 - Practical PIC Microcontroller Projects —$7.99 E
Most above prices inciude shipping and handling ETOS ]
Name/Company !
Address Apt. i
City State Zip i

three sets of leads coming out of the
circuit board: one pair of leads for the
super-bright LED, one for the speak-
er, and one for the 9-volt battery clip.
Before construction, decide whether
the finished circuit is to be mounted
vertically or horizontally, because the
digital compass cannot be tilted
greater than 12 degrees without
degrading its performance. Keeping
this in mind, we have two ways to
mount the compass with reference to
the main circuit board—vertically and
horizontally. ‘

Housing Needs

The decision to build a vertical or
horizontal circuit will depend on the
housing you choose. You fan pretty
much choose any non-ferrous housing
that’s large enough to hold the circuit
board and battery. Suitable non-ferrous
housing materials include the following:
plastic, wood, brass, foam board, and
aluminum. If the housing is large
enough, you can mount the UFO detec-
tor either way.

If you would like an almost ready-
made housing I can offer a few sugges-
tions. The Testor Model company sells
a plastic AREA 51 UFO model. The
model is large enough to hold the
detector inside and makes a suitable
enclosure. If I were mounting the UFQ
detector circuit inside this model, 1
would build the circuit horizontally. I
would mount the super-bright LED in
the upper portion of the UFO model
so that jts light would glow through
the transparent plastic. The speaker
may be mounted inside the model,
with a suitable speaker hole drilled into
the case "at an appropriate position.
There are other model spacecraft and
rockets that offer an interesting hous-
ing as well.

The Grey Alien head shown in the
photo is another possibility. This is an
exquisitely sculptured (supposedly)
life-sized model (based on reports).
The finished UFO detector could be
mounted behind the head, or the
black base may be hollowed out to fit
the circuit.

Next Month

We will continue with the construc-
tion of the UFQ Detector next month.
For those who wish to get a head start,
you can purchase the components or the
kit and begin looking for a suitable
housing for your UFO Detector. [p]




SHORT GIRGUITS

mailto: shortcircuits@gernsback.com CHRIS LA MORTE

Meters, And Testers,
And Detectors. . . Oh My!

This month we have meters, testers, and testers to test you meters. An electronic work-
bench should always have a multitude of test equipment, and nothing is more fun than build-
ing your own. Here are schematics of some popular test equipment. Break out the “junkbox”

and pref-board, folks.

Lk

L

100pA 90002 3
—_—
R3 .«
900 3

1uA
R1 4
10pA 9K 3
D
S1 R2
VIN
bC

- R9 SET
= 10K ZERO

R8

Yy = FRyy ©oyyy =W

MICROAMMETER

This circuit is for a 4-range microammeter that reads between 1 pA
and 1 mA. The circuit is powered by a 9-volt power supply and is designed
for use within DC circuits. Probes can easily be attached to the DC inputs
in order to use this device as a pocket-sized tester.
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METER TESTER

In this schematic M1 is a multimeter set to measure current and M2 is the meter under test. Start by set-
ting S1 to the maximum resistance and S2 open. Slowly decrease the resistance with S1 and fine-tune the cur-
rent by adjusting R12. When M2 reads full scale observe the reading on M1. This reading is the full-scale
current for the meter under test. After this test, close S2 and adjust R14 and R15 until M2 reades mid-scale.
The sum of the resistance of R14 and R15 is the same as the internal resistance of M2. If the internal resis-
tance to be measured is known to be less than 470 ohms, then close S2 and adjust R14 until M2 is mid-scale.

BARE WIRE +9V R2
ANTENNA i 2700
(4 INCHES

OR MORE)

W N
1) Ry )
555
oSG/ o
TIMER 2;‘39
TO
1 - MULTITESTER
N
o *)

-
STATIC DETECTOR

This circuit can be used to detect the presence of static fields.
A bare-wire antenna feeds a Field-Effect Transistor at the heart of
the circuit. The FET has a direct effect on the flashing of the two
LEDs. This device can be used to sniff out potentially dangerous
environments that might harbor electrostatic voltages, which
could zap fragile semiconductors with lethal voltages.




BASIC GIRCUITRY

mailto: basiccircuitry@gernsback.com

CHARLES D. RAKES

SUDDEN IMPAGT
TRANSDUGERS

In my opinion, electronics is the
world’s best hobby. Just about any
mainstream high-tech hobby you can
think of today is filled with electronic
circuitry. Model airplanes, boats, trains,
cars, and other remote-controlled
devices would be dead in the water with-
out electronics. Some of these devices
use complex electronic circuitry to get
the job done, where others use more
basic circuits. However, as we all know,
most complex circuitry is made up of
numerous simple basic circuits. This
month we’re going to play with impact
transducers, which have a number of
applications—including the one I enjoy:
shooting air guns.

Building Transducers
Another great attribute we all share
in the electronics hobby is the ability to

1/8-INCH
METAL
PLATE

N

SPEAKER
2 %-INCHES DIA.
30-45Q

PELLET

ATTACH WITH
SILICON RUBBER

Fig. 1. Our first impact transducer uses a 2.25-
inch diameter speaker, attached to a .125-inch
thick metal plate.

build most anything we need much
more cheaply than it can be purchased
ready made. With that said, all of the
impact transducers we'll discuss should
be inexpensive to duplicate, especially if
a well-filled junk box is available.

Our first impact transducer, see Fig.
1, uses a 2.25-inch diameter speaker
attached to a .125-inch-thick metal
plate. This simple combination pro-
duces a super high output signal. Hitting
the face of the transducer with about 2-
to 4-foot-pounds of energy from a small
.177 lead pellet produces an output sig-
nal that is several hundred millivolts
peak to peak. This signal level is more
than ample for most output applications.
The output signal can be used to drive
audio and visual circuitry, which we’ll
get into later on.

In putting together the speaker
transducer, be aware that the metal plate
that the speaker attaches to is the place
the pellets impact. This material should
be durable and thick enough to stand up
to the pounding of the pellets without
penetrating or denting. The plate’s over-
all size should be slightly larger than the
speaker and can be either round or
square. The speaker is attached to the
metal plate with a thin layer of silicon
rubber. The transducer assembly will be
positioned behind a target front with a
hole of suitable diameter to allow the

PARTS LIST FOR
THE SPEAKER TRANSDUCER
(FIG. 1)

Small 1¥-2%mnch dismeter magnetic
speaker. output impedance of 16w
45 ohms,

Cne 4-inch metal plate, slightly larger
than speaker used. Silicon rubber, etc
See texl,

Download These
Gircuits From
www_electronicswork
hench.com/poptronics

pellet to travel through and hit the metal
plate.

The drawing in Fig. 2 shows one
method of using the transducer with a

TARGET COVER
HEAVY WOOD OR METAL
TRANSDUCER
LOCATED
BEHIND
OPENING
—_—
TRANSDUCER

Fig. 2. The transducer is centered about Y-inch
behind the hole in the target cover, without actu-
ally touching the cover

PARTS LIST FOR
THE TARGET COVER
(FIG. 2)

Heavy wood or metal cover for
transducers, see text.,
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Lowz
HEAD PHONES

TARGET
TRANSDUCER

Fig. 3. The speaker transducer produces an out-
put level that can easily be monitored with a
pair of low-impedance headphones.

EN &

" PARTS LIST FOR g
THE SIMPLE HIT MONITOR
(FIG. 3)

Pair of low-impedance headphones.
e g £

2 v

target cover. The actual target area can
be any size hole, from the pellet size to 2
inches in diameter. The transducer is
centered about %-inch behind the hole
in the target cover without actually
touching the cover. The transducer can
be supported by any convenient means
that restricts contact with the target
cover. Also, the opening in front of the
transducer does not have to be round.
Any desired target figure can be cut out
of the target cover to produce a hit-out-
put signal anywhere within the target
area.

SPEAKER
TRANSDUCER

Fig. 4. The circuit shown in the schematic above
adds a power-audio amplifier to the transduc-
er’s output, allowing monitoring without using
headphones.

PARTS LIST FOR
JACKING UP THE OUTPUT
(FIG. 4)

IC-1-—LM386 audio power amplifier 1

Cl—. 1-pk. ceramic-disc capaciior

C2—2HkpF 35-WVDC, electrolytic
CHpaCitor

Sph.—.‘igmﬂ Z- to 4-inch ;L—uhntsspcﬂkcr

(4 s

Simple Hit Monitor

The speaker transducer produces an
output level that can easily be monitored
with a pair of low-impedance head-
phones, as illustrated in Fig. 3. The out-
put sound will depend on many factors
including the type and hardness of the
transducer’s metal plate, the area that
the pellet hits, and the energy on impact.
With a little practice, it’s possible to tell
when the target is hit in the center or on
the outer edge.

PIEZO
ELEMENT
1/8-INCH
THICK TO PIN #3
METAL 10K OF IC1
PLATE IN FIG. 4

1/8-INCH LAYER
OF SILICON
RUBBER

Fig. 5. The basic construction of the piezo
impact transducer closely follows our first one
in Fig. 1, with a minor, but important change—
the use of a piezo device.

'PARTS LIST FOR
THE PIEZO TRANSDUCER
(FIG. 5)

Pizzo element, any size fiom  T35- o
«  l-inch in diameter, and withoul an
internal sound generdtor,
tine #-inch target plate, silicon rubber,
!HK\pnl, eic.

e

Now is a good time to add a couple
of cautions in using the transducers.
Firstly, never shoot without safety glass-
es. Secondly, only use soft lead pellets
and never ever BBs, as they can fly
right back and hit you. Just use your
common sense as you would in flying
model planes or any other hobby that
has moving objects that might hurt you
if they were to hit you.

Jacking Up The Output

The sounds coming from the trans-

ducer can be very interesting and infor-

METAL
TARGET
PLATE

SOFT PLASTIC
TUBING

+9-12V

GND

ELECTRET
MIKE
ELEMENT

AuF

SILICON

RUBER 10K

il}-¢

TOPIN#3
OF IC1
IN FIG. 4

Fig. 6. The figure above illustrates the mounting
of the mike element in a I-inch length of %-inch
(inner dimension) by %-inch (outer dimension)
vinyl tubing.

PARTS LIST FOR ;
THE ELECTRET-MIKE-
ELEMENT TRANSDUCER
(FIG. 6)

Electrer-mike elerment, Radio Shack
RITO-A,
Metal target plate, 1-inch length of %
¢ ingh (ionmer dimension) by E-inch

(oitter dimension) vinyl mwlbing;
silicon rubber; 2200-0hm, M-watt,
S0 recistor; 10K pot;  1-uF,
ceramic-disc capacitor; wire: efc.

e kN

mative. The circuit in Fig. 4 adds a
power-audio amplifier to the transduc-
er’s output, allowing monitoring without
using headphones. A single LM386 low-
voltage audio-power amplifier IC raises
the transducer’s output to drive a small
4-ohm speaker. The LM386 circuitry is
connected for a minimum voltage gain
of 20. Pins 1, 7, and 8 are not used in
this configuration. The amplifier circuit
may be operated from any solid DC
source with 6 to 15- volts and a mini-
mum output of 100mA.

Piezo Transducer

Another great pick-up sensor for
impact detection is the piezo transducer,
which is available for less than two bucks
at your local electronic-supply house.
Only the plain Jane piezo element is
required for our use; therefore, the more
expensive devices that have built-in tone
generators are not required and will not




work anyway. Just about any size piezo
element will fit; however, I'd recom-
mend one that’s about .75 to 1.0 inches
in diameter.

The basic construction, see Fig. 5, of
the piezo impact transducer closely fol-
lows our first one in Fig. 1—with a
minor, but important, change. The
piezo elements are hardy little fellows,
but they can be cracked or broken if
handled carelessly. To reduce that
chance, the piezo element is mounted to
the metal plate with a %-inch layer of sil-
icon rubber to serve as a buffer betwzen
the impact area and the piezo element.
The silicon rubber should be applied in
a circle slightly smaller than the diame-
ter of the piezo element.

Take care in attaching the piezo ele-
ment to the plate so that no silicon rub-
ber gets into the element. The piczo
transducer may be connected to the
same amplifier circuit shown in Fig. 4,

with the addition of the 10K pot.

Electret-Mike-Element
Transducer

The electret-mike element is ancth-
er great inexpensive device that makes a
good impact transducer. The micro-

ROD

BRASS
TUBING

IR EMITTER /AM_\

AND DETECTOR

Fig. 7. The circuit above is for a swinging target.
An IR detector and emitter are used to monitor
the swinging target.

PARTS LIST FOR
THE SWINGING TARGET
(FIG. T)

Found metal target plate, brass muhing,
mieta] rod that goes through the brass
tubing. metal for flag, IR interrupter
switch—Mouser part #312-H21A1
or similar device.

+6-12V

R3 Rl <
1K 10K $

pi| ™~
at

DI, QN
IR INTERRUPTER =
SWITCH
MOUSER PART
#512-H21A1
OR SIMILAR TYPE

Fig. 8. The circuit above adds a flashing LED to
the swinging transducer in Fig. 7. The IR emit-
ter and detector are in the same package and are
available from Mouser Electronics, listed as an
IR interrupter switch.

PARTS LIST FOR
THE SIGNAL LIGHT
(FIG. 8)

SEMICONDUCTORS

DI, Q1-—-+IR interrupter switch, Mouser
part #312-H21Al

LED—Any color or sive

(2—2N3905 PNP general-purposs
Irmsistor

RESISTORS

(Al resistors ane -
RI1—10LiMH-cshim
R2—470-ohm
RA—10HK-uhin
R4—270ohm 1o 470-chm

watt, 3% units. )

phone element is very sensitive and must
be mounted in such a way that only the
pellet impact sound is detected. This is
easily done by mounting the mike ele-
ment in a 1-inch length of %-inch (inner-
dimension) by %-inch (outer dimension)
vinyl tubing, as shown in Fig. 6. The
vinyl tubing is mounted to the center of
the metal plate with silicon rubber. After

you push the mike element about
halfway into the tubing, seal the open
end with silicon rubber. Any outside
noise or sound reaching the mike ele-
ment will be greatly reduced by the vinyl
tubing and silicon rubber.

The electric-mike transducer can
also be connected to the amplifier circuit
shown in Fig. 4, by following the draw-
ing in Fig. 6.

Swinging Targets
Many sporting goods and large dis-
count stores offer at least one type of

swinging target for pellet guns. Some of
these are easily modified to work with
our next impact transducer, shown in
Fig. 7. If a suitable one cannot be found,
it’s no big chore to build your own. The
metal target is usually round in shape
and anywhere from %- to 2-inches in
diameter; however, any shape or size will
work. The idea is for the target plate to
move back and forth when hit by a pel-
let. This movement allows the IR detec-
tor to see the IR source when the target
is swinging back and forth. At rest, the
metal flag is centered between the IR
emitter and detector, allowing no IR
source to reach the detector. The IR
transducer should, like the others, be
located behind the target cover, as

IR INTERRUPTER
SWITCH

Fig. 9. This circuit adds a turn-off delay func-
tion keeping the LED on for a short time period
without flashing on and off.

PARTS LIST FOR
THE DELAYED
TURN-OFF CIRCUIT
(FIG. 9)

SEMICONDUCTORS
D1 Q1R intermupter switch {same as
in Fig. 8}
21 N9 14 silicon diode
LEDM—Any color or size
Q2—2N2222 NPN general-purpose
Iransislor

RESISTORS

{A resisors are -w
E1 - 1000-0hm
R2—&T()-ahm
EA3—10 e -ohim
Fed—4 T 000-ohm
54T 0-ohm to 1000-0hm

alt, 5% upits.)

CAPACITORS
Cl100-pnE 35WVDC, electrol viic
capacitor
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ROD

BRASS

METAL TUBING

SMALL
MAGNET

BRANDED SIDE OF |

HALL \

S
EFFECT
+6-12v Ic
HAL214UA-E
1 3

y 4/ LED1

Fig. 10. Our last impact transducer incorpo-
rates a Hall-effect circuit into its design.

shown in Fig. 2. This arrangement pro-
tects the detector and allows for a select-
ed target area.

Signal Light

The circuit in Fig. 8 adds a flashing
LED to the swinging transducer in Fig.
7. The IR emitter and detector are in the
same package and are available from

" PARTS LIST FOR
THE HALL-EFFECT CIRCUIT
(FIG. 10)

Samme metal purts as in Fig. 7, with a
small magnet replacing the metal
flag. 4
IC!) —Hall-effect IC # HA2|4UA-E,
sensor available from Digi-Key
LED1—Any color and size
$—INZ222 NPN, general-purpose
transistor
R 1—1000-0hm, H-wall, 3% resistor ®
SR2—10,000-0hm, 4-watt, 5% resistor

Mouser Electronics, listed as an IR
interrupter switch.

Transistor Q1 is turned off, and its
collector is at positive supply, keeping
Q2 turned off as well. When the target
swings away from the IR interrupter
switch, Q1 collector goes from positive
supply to near ground level. This action
switches Q2 on and off at the same rate,
causing the LED to flash on and off.
The LED lights each time the swinging
flag is out of the gap between the IR
emitter and detector.

A similar circuit, see Fig. 9, adds a
turn-off delay function keeping the
LED on for a short time period without
flashing on and off. The same IR inter-
rupter switch is used as in our previous
circuit, with the detector transistor, Q1,
connected as an emitter follower. When
the metal flag moves from between D1

and QI, the voltage at the emitter of Q1
rises to near battery voltage, charging
C1 through R2 and D2 and supplying
base current for Q2. Then Q2 turns on,
lighting the LED. The on time can be as
much as five seconds with the 100-uF
capacitor, and longer when CI is
increased in value. Resistor R2’ purpose
is to limit Q1’5 maximum current flow
when charging C1.

Hall-Effect Circuit

Our last impact transducer this time
around is the Hall-effect circuit shown
in Fig. 10. The swinging metal plate is
arranged like our previous target, with a
small magnet replacing the metal flag.
The south pole of the magnet is facing
the branded side of the Hall-effect IC,
which causes the output of the IC, pin
#3, to go and stay low as long as the
magnet remains still. Hitting the target
plate causes the magnet to swing back
and forth allowing the Hall-effect to
turn off and on at the same rate. The
LED flashes following the swinging tar-
get. The Hall-effect’s output can also be
used to supply clock pulses to a simple
counter to display the number of swings
the target makes.

I still have a few more impact trans-
ducers to share along with a number of
display circuits that can be driven with
the transducers. These combinations
can turn out to be interesting targets and
loads of fun to boot. Come around again
next month same time, same station. [J

DIGITAL DOMAIN
(continued from page 15)

excels at person-to-person journal-
ism,” says Trayes. The flip side to the
Net's personal nature is the high inci-
dence of misinformation. Without the
filter of experience and editing, rumors
and hoaxes proliferate. In one Internet
discussion group | follow, it was report-
ed that the planes that slammed into
the World Trade Center had biological
weapons on board.

The misinformation can be visual
as well as verbal. In the days after
September 11th, a doctored photo cir-
culated around the Internet of a tourist
on top of World Trade Center smiling
for a camera while a plane in the back-
ground was just about to slam into the

building. Anti-hoax Web sites such as
the Urban Legends Reference Pages
at www.snopes.com can help ferret out
the truth.

Television wasn’t immune to report-
ing false rumor as news, including the
car bomb outside the U.S. State
Department, the three other missing
airliners that were presumably heading
for Virginia, and the van on the New
Jersey Parkway loaded with explosives.

Maybe what's most valuable about
the personal nature of the Net is its
ability to bring the community together.
During a disaster, it's a natural human
impuise to reach out to others; and the
Net is unparalieled in bridging the dis-
tance that often separates us. “in the
midst of horror, we need to know that
we're not alone,” says Steven J.

Vaughan-Nichols, chairman of the
Internet Press Guild. “Ultimately, we're
family, and like all families we’re drawn
together when terror’s night threatens us.”

The Net can also bring together
those who otherwise might not think of
themselves as family. “The Interet can
facilitate discussion among people who
otherwise might be beiligerent,” says
Outing. This won’t guarantee peace, of
course. We've already seen that. “There
is a time for everything ... a time for war
and a time for peace,” accorging to both
Ecclesiastes and the Byrds.

Reid Goldsborough is a syndicated
columnist and author of the book
Straight Talk About the Information
Superhighway. He can be reached at
reidgold @netaxs.com or htip¥/members.
home.net/reidgold. P
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POLARIS CAN SUPPLY YOU WITH ALL OF TODAY’S HOTTEST VIDEO TECHNOLOGY!

CALL OR GO ON-LINE TO ORDER YOUR FREE VIDEO CATALO 00’s OF PRODUCTS - MICRO CAMERAS - WIRELESS VIDEO - LIPSTICK CAMERAS - DIGITAL VCR
WEB CAMERA WITH BUILT-IN FAN/TILT/ZO0OM CONTROLS WEATHERPROOF D AL STORAGE CA EHA
Compact Web Camera For Online Image The SWC-40R combines a black & white video camera, p—

digital image storage, video motion detection and an alarm s

Monitoring and Delivery Over The Internet interface in a compact, vandal proof enclosure. It is unique

7Y

1 eaturing a buiit-in Web server, powerful 10x zoom, panftilt, | as it offers a complete CCTV surveillance system within a

anq alarm input/output capability, all in an ultra-compact single compact enclosure. SWC-40R

hunn. Thdege‘}lvebh@:\era? can be ins'allt:d lvn;tuall;t/f I = Al-in-one CCTV system No $849.95
gnyw ere and deliver high-qua ity images to the Internet for real- <#~ Builtin digital image storage PES
time monitoring or broadcast. Better yet, these cameras can be s A . fA
controlled and monkored via a standard Web browser, making it TS i) 5’",1 R & ® . .
ideat for a wide variety of applications. retngval by remole control Dimenslons J

@ Built-in video motion defaction 5'x4"x4.5° —

Size: 122mm x 82mm x 97mm.

@ Ultra-compact, ali-in-one web camera with buiit-in web server LR L TR PR DL R U A
— i - he FlexWatch acts as an  FLEXWATCH-100 - CALLS
@ Monitoring and camera control possible via web browser intemnet camera server, No

@ 10x optical zoom and multi-angle pan/tilt capability B software needed in order to =
view your video. All you need is a web

@ 10Base-T interface for direct connection with network browser such as Internet Explorer or
@ Alarm In/Out function for automatic surveillance Netscape. FlexWatch includes many
special functions including video
quality control, pan/tilt/zoom

@™ Three different security leveis

interface and network configuration. CONTROL

cg:vz %}ﬁgkgﬂ Al of them are controlled by the web PAN / TILT
i's small sleek indestructible browser. Features 4 video inputs - 3 .- i AND ZOOM
design and pinhole lens allow for ey e of REMOTELY
various applications and simple OVER THE
INTERNET!

instaliation. Comes equipped with
1 a RCA JACK for

easy connection to

e — TV monitor or VCR. cl:"‘rf;& CAN SEE UNDER WATER!
HIGH Great for coveln use 1 paax. B/W version comes with attached 80 meter cable
RESOLUTICN! n ia nblll “piace (coior-20 meters. Built-in white LED's give thls camera
p imaginanie. ; e a 15 meter infrared range. Heat resistant glass and

water resistant design allow for rugged applications.
VIDEO CAMERA HEAD CAN BE
SUBMERGED UP TO 100 FEET!

variety of purposes such as; custom automotive BTN Y G X YV 1.7.TH

O urnew 6.4” Color TFT Modute can be used for a | 25mmW) x 17mm(D) CM-550CP - §79.95

dash installations, video phone, door phone, Lboat MANY MODELS IN STOCK |
installations, cover! ultra-compact surveillance packages, TO CHOOSE FROM! i 5
i . ) SUBCAM-BW (8/W)- $249.95
se;’l,-l_r;{ysa‘rzm-orse3.19 95 ?’gl(’ﬁ'i"fw ) x 0.510) MB-1250HRP SUBCAM-CL (COLOR) - $299.95
; - . Hi-Res Color 57 COLOR WIRELESS OBSERVATION SYSTEM

Pinhole p703 Ow you can enjoy

Makes any camera 5.0mm Lens ADD Y NAL £ i h
i 1 ? . ApoO peace of mind with
wirgless! Excellent for 1.27" x 1.27" cAMERAsl our new wireless

hobbyist / remote control
airplanes.

2.4GHz 4 channel video
transmitting module with
audio capability / power
switchand antenna.
MPX-2400 - $89.95

2.4GHz RECEIVER
GFR-5002 - $119.95

Dimensions

$109.95 ; observation system.
3 Comes with 5" wireless

i

F i color monitor and a
% wireless color camera.

f = Just Plug-&-Play! Perfect
"=’ for around the house or
office.

GW-2400S - $379.95
A

ColorCamera
400 TV Lines
Automatic Iris
Hi-Res Color
Lipstick Camera
Length: 2.6"
Diameter: .785"

1.5W) x 1.75H) x 0.5°(0) | WpP.300C - $159.95 i
neredibly small
UP TO 4 VIDEO CAME Imicroyhead VIDEO HEAD
color camera IS ONLY 7Tmm
incorporates a
CCD chipset. (Not IN DIAMETER!
H|ghhghtanareaonyourwdeoscreen CMOS). Fully MH-SCO1

v TCP AP L e o140 wil inform you s Adjustable focus

v Mogm modem thru your telephone or pager if] from 0.5 inches to
there Is movement in that higl infinity. Automatic

14 LAN/WAN area while recordingto your hard disk irls for varying light

Video can be viewed in Guad style {above), levels.
o et & :_,;;{“;“ gL PV-140.. 4 input Digital Video Card.....$299.95

POLARIS INDUSTRIES B00-T52-98T1 " s s g e wmnounlsuu
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$479.95
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Be an FCC LICENSED
ELECTRONIC TECHNICIAN

i
Earn up to $100
an hour and more!

The Original Home-Study
course prepares you for the “FCC
Commercial Radiotelephone License” at
home in your spare time. This valuable
license is your professional “ticket” to
thousands of exciting jobs in:

¢ Radio-TV
* Maritime

¢ Communications
* Microwave

¢ Radar ¢ Avionics & more

You can even start your own business!

No previous experience needed! No need
to quit your job or go to school. This

Turn your PC into a 16-bit Storage Scope

spectrum analyzer, and digital multimeter!

Turn your PC or laptop into a
sophisticated storage scope &
spectrum analyzer & multimeter.
i Display on large screen! Printin
color! 100MS/s 8-bit, 1.2MS/s
12-bit or 333kS/s 16-bit versions.
Great for test depts, schools.
Input to Excel. LabView/NT dri-
vers, High precision not high
cost!  Models from $95 - $799!

great for
science fairs!

R W TR E VT -
Elvtdmidn.tum‘

science lab in a box!

DrDAQ is a sophisticated digital data-
logger that plugs into a PC and comes

with sensors for light, sound, pH and
temp.
experiments included which can be
done supplied
Soectrum analyzet/scope/meter all at
once! DrDAQ from only $99!

Lots of suggested science

from  software

www.saelig. com

RS232-422/485 converters, self-powered, opto-isolated
12C adapter boards for PC communication with 12C bus
Wini dataloggers for events, voltages, pressures, etc.
Enviromon temperature and environment netwk logger
Thermocouple and thermistor adapters for PC ports.
BASIC-programmable BASIC-TIGER controlier modules
JANZ CANbus boards - from Germany’s leader!

SMD adaptor boards for prototyping with any SM parts!

Saelig Company

1-888-7SAELIG

www.saelig.com saelig@aol.com
716-425-3753 « 716-425-3835 (fax)

proven course is easy, fast and low cost!

GUARANTEED TO PASS - You get your

FCC License or your money refunded.

Send for FREE facts now!

Mail coupon today or call

(800) 932-4268 e 21

Visit our Website: www.LicenseTraining.com

P o e e o e e = = e -y

COMMAND PRODUCTIONS

FCC LICENSE TRAINING - DEPT. 240
P.O. Box 2824 * San Francisco, CA 94126
Please rush FREE details immediately!

Name

Address _

City State Zip

CIRCLE 321 ON FREE INFORMATION CARD

Serial LCDs work great with BASIC Stamps® and
other microcontrollers. One-wire interface « simple
serial protoco! + low cost « high quality » in stock

BPI-216N

* 2x16 text LCD

* 2400/9600 bps
« $45 (non-backlit)

SGX-120L

» Mini graphics LCD
+ 2400/9600 bps

* just $99

Many other models available—see www.seetron.com!

Scott Edwards Electronics, Inc.
www.seetron.com * 520-459-4802



Automotive
Installation Accessories

8" Color LCD Monitor Module

*Open module has no rear housing and is
designed for incorporation into custom

panels and enclosures. *NTSC input

: ; works with any standard video source
5.6" LCD Color Monitor » Resolution: 1440 (H) x 234 (V)
*NTSC input works with VCR’s, DVD *Requires: 13.8VDC, 850mA
players, camcorders and video games *Dimensions: 54" (H) x
*3.5mm A/V input *Daisy chain output 7%" (W) x %" (D} *Note:
*Two camera inputs *Image reverse this module does
mode *Resolution: 960 (H) x 234 (V) not provide audio  __ ¥
*Requires 12VDC, 650mA, AC adaptor g DO

included *Measures only | & 'y
4%" x 6%" x 1%" - o =

Order # Reg. A
' 609233 529810
! You Must Provide this =

| Source Code to Receive y =
| Discount Pricing »

call to}l free m -
1-800-543-4330 FM Stereo RF Modulator

* Accepts any line level audio source

fax toll free Weatherproof Color Camera *Provides stereo output on either 88.3MHz
*Designed specifically for 5.6” color or 88.7TMHz *Connects in line with car
,'8007 65'6960 monitor (#60-9233) *30’ cable connects radio and antenna *Auto power function
directly to the rear of the monitor turns unit on when audio signal is
customer gervice call toll free *Included AC adaptor and RCA type detected *Requires 10~30VDC,
> harness provide composite video signal 140’{1A 'DlmePS“’"S: 1" (1)
'!{'77-‘26-3532 for use with any monitor or recorder x L§" (W) x 24" (D)
..... - *Requires 12VDC, 120mA ®*Dimensions: Order # Reg. .
i 1" (dia.) x 3%" 60-9893  $33%
Order # Reg. Y
N Q- TIoLs 60-9247 $1

Electronics
Visit our website

Mobile Video Amplifier Whistl ¥ 350 Watt

*Single video input is amplified and I Power Inverter
distributed to seven outputs *Drive *Plugs directly into automobile cigarette
multiple menitors without picture lighter *Provides 110VAC output, at 350
degradation *All connections are continuous watis *Modified sine wave
RCA type female *Requires 10~30VDC, output operates even motorized devices
180mA *Dimensions: 1" (H) , A 4 *Measures only 2" (H) x

x 34" (W) x 24" (D) [ =. B 5.2" (W) x 6.3" (D)
Order # Reg X

60-0890 $/39.‘3'§

Source Code: POP93 Iy mmrmmuopwasemengwrreall A Premier Farnell Company
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