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Call Recorder

4 Store 1000s of calls on your hard drive
4 Replay, sort, email, copy & xfer calls

4 Adapter goes btw. phone & PC

4 W95,98, ME, NT, XP ready

4 Boxed, w/CD, manuals & cables ™

# Factory refurb, 5-year warranty

HSC#80649 $49.95

Win-based Terminal

4 WYSE ‘Winterm 2315SE’

4 Virus-proof - high security

4 Easy access to server apps.

4 Up to 32 users/servers, tiny footprint
4 Std. VGA & 10BaseT network conn.

4 Mouse, keyboard & power supply incl!

HSC# 19346 $39.95
2kW Variable Xfmr
¥y

4105 - 125VAC input

#0-130VACout @ 204 i 2/

*8'W x 10D x 8'H =

4 Metered output, illuminated power
switch, panel fuse, carry handles

4 Large adjusment knob with scale

4 New, boxed, 90-day warranty

HSC#AEEC2090 $95.00

Micro-Green Laser!
4 Uniphase Model No. 4301-010

4 Compact 10mW, Green

4 Pwr supply/cables incl.‘ =
4 Power required: 5V @ 8A

41.5" x 1.5" x 4.0” (w/o heatsink)

4 Removed from working service

4 HSC 30-day warranty
HSC# 19763  $495.00!

SmartCard Reader

4 Fits in PCMCIA slot

4 For sensitive files/databases 4
# Personal access security system

4 Restricts unauthorized access

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

HSC# 19433 $19.95
Blue Argon Laser!

4 Uniphase Model No. 2214-20SLMD

4 Power supply & fan incl. 1

4 20mW brilliant blue beam! - :
4 208/220VAC - AC pwr cables not incl.
4 Laser control diagram included

4 Tested, from wkng srvc. 30-day warr.

HSC# 19762 $495.00!
Electronic

HS Supply

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

420VA/252W UPS!

¢ Powerware 3115 Series ‘3’ Protection
4 Includes power management software
4 User replaceable batteries .
4 User selectable voltage ranges !

4 New, boxed, 90-day warranty

# For PCs, workstations, networks...more!

4 Special!!...3 for $99.00!!...
HSC# 19346 $37.50!

Hitachi Color Camera

(lens not included)
4 Model No. KP-D580
4.02 - 100,000 lux!
4480 x 350 TV lines
4768 Horiz. x 494 Vert. 12VDC @480mA
4 Power supply, operating manual incl.
4 Brand new , boxed, 90-day warranty

HSC# KPD580 $295.00!

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

Wireless PCI Card!
oo

HSC# 19743 $14.50

PCMCIA LAN Card!

&/

HSC# 19737 $14.95

| HSC Deal!..Buy 3 or more Proxim Products & We Knock Off 20% Of ThatTotal!! |

Wireless Gateway!

HSC# 19745 $24.50

Cordless USB Adapter!

HSC# 19738 $21.95

Wireless Bridge!

HSC# 19744

4 Proxim ‘Symphony’ series...

42.5GHz - 1.6Mpbs

4 Range: up to 150 feet

4 Symphony & HomeRF compliant

4 Boxed, w/CD, manual, 90-day warranty

$24.95

Blowout Sgecials!!...

Dot Matrix Display

7-Bay Cabinet
#19429  $8.00

#80544 $20.00

9.1GB SCSI HD
#18753 $14.00!

4.3GB SCSI HD
#18412 $10.00!

AC/DC VHF Video Player
#19048 $10.00!

Keypad Mouse
#80539 $3.00!

Lowest Prices Ever!!

=
PCMICA SCSI
#19160 $35.00

i

80W Power Supply
#18415 $5.00

Internet Video Phone
#19442 $5.00

50 Watt Woofer
#19623 $8.00!

20x4 LCD
#19399 $7.00

150W Power Supply
#18266 $8.00

Power Supply
#18267 $8.00

Solder Pots

4 110 Watt handy desk-top unit &

4 Perfect for hobby or small jobs 9
HSC#AEEC10P $32.00!
o
HSC#AEEC60P $97.50!

4600 Watt - larger capacity
4 For larger objects/multiples

1U Rack Cabinet

4 Heavy grade, std 19” spacing

415 5/8"W x 16D x 1 3/4"H

4 Reversable mounting flanges

4 Pulls from wrkg service, some scratches

HSC#19437wow.. 2/$19.95!
Since 1963!...

ATX Rack Cabinet

4 Rugged constrtjctioh, p rfect for servers
4 Supports all std. ATX motherboards

4 Industry standard 4U height, 250W p.s.
4 New, boxed, HSC 90-day warranty

4 Closeout price - While Supplies Last!

HSC# 80541 $89.00!
VideoWAVE Editor!

4 ‘CommandPost’ console w/pro-features
4 Powerful editing, loads of features
4 Edit video like the pros!...

4 Swirl, ripple, fade,
shadows, animations!
4 2 CDs w/tons of templates
4 New, retail boxed, 90-day warranty

HSC# 19656 $19.95
4-Bay SCSI Enclosure

4 High quality cabinet

4 Extra cooling fan

4 200-watt fan-cooled supply
4 Std. D25 rear panel conn.
4 SCSI ID switch included

4 New, HSC 90-day warranty

HSC#19703 $24.95
‘RAID’ Controller!

4 ‘Mylex’ Model No. 960P-3

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

4 1 to 45 drives as one logical drive

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

HSC# 19427 $29.50
9.1GB Ultra SCSI

4 Seagate ST19171WC, 80-pin SCA
47200 RPM, 4.17mS avg. latency

4 Average seek: 9.5mS

4 HSC 90-day warranty

¢ HSC Specialll...get our
‘SCS3700' SCA to SCSI 1 adapter
Reg. $12.50...for $7.50 w/this drive!

HSC# 18753 $14.00!
Photomultiplier Tube

4 Hamamatsu R1477 series
4 185 - 900 nm, Peak @ 450 nm

4 Radiance @450nm:80mA/W,
Luninous: 375uA/Im

4 HC123-01 HV pwr. supply included!
4 11.5-15.5VDC in, 300-1100VDC out
4 Custom enclosure with mounting tabs

HSC# 19753  $195.00!

Silicon Valley’s Electronic Marketplace

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

3500 Ryder St. Santa Clara, CA 95051

1-408-732-1573
1-916-338-2545
1-707-585-7344

Santa Clara
Sacramento
Rohnert Park

Lo

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

international shipping methods.

_—
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It's Hip, It's Wow, It's Now!

Available Now On Newsstands
Or By Subscription

The Amateur Robotics Supplement
- to Nuts & VYolts has become
’ SERVO Magazine.

n the foreseeable future, virtually every aspect
’of human activity will be influenced by robot-

ics. Advances in medicine, space exploration,
- security, maintenance, transportation, agriculture,
manufacturing, retailing, and more will become
dependent on intelligent machines programmed
to carry out ever-increasingly difficult tasks.
Advances in robotics will be as dynamic and
important as those of computers in the 80s and
90s. Just as with computers, hobbyists will be a
driving force in their evolution. SERVO will be
there to take you inside this fascinating world of
science and technology.

SERV@ Magazine will start where The Nuts &
Volts of Amateur Robotics left off. Not only will
~ there be the kinds of hands-on projects that you're
used to seeing in Nuts & Volts, SERV@ will delve
deeper into the science of robotics and take you
right to the lunatic fringe of what robotic technolo-
gy is all about. A definite must-read for anyone
interested in building or learning about robots.

Amazing machines are being conceived and built in labs, universities, and even garages all
over the world. Whether you want a front row seat or to jump in with your ering iron and C
compller — SERVO Magazine is your ticket in the door Each monthly iss i

ertain with feature a proje

You can order a subscription risk free by calling our toll free orderline at 1-800-783-4624 or
through the SERVO Magazine web site. You don't even have to send money now. We'll bill you
the $24.95 subscription fee after you see your first issue. If you don't love it, just cancel the bill by
phone or mail and owe nothing. For a limited time, you'll receive 3 extra issues for a total of 15.
Order today so you don't miss another exciting issue!

» www.nutsvolts.com > | 800 183 4624 » wwwservomagazme com
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40 WIND UP FLASHLIGHT

A little elbow grease and some high in
white LEDs will light your way.
by Thomas Scarborough

44 CLANGORA PERCUSSION SYNTH

Apply VCO and VCA designs to build an
electronic hi-hat.
by Thomas Henry

EXTENDED RANGE TOUCH SWITCH

Dodge AC interference with long wires.
by Paul Florian

92

RADIO FAX IN THE 1930s

5 6 Wake up, smell the coffee, and read the latest
news on your private FAX machine!
by Michael Banks

62 HOME AUTOMATION FOR DUMMIES

An interview with the authors of this new book.
by Ed Driscoll, Jr.

BIPOLAR TRANSISTOR COOKBOOK

6 8 Part 5 of 8: Ocsillator basics: C-R, crystal, and L-C
from audio up to RF.
by Ray Marston

ON THE COVER
“Sen Of Hi-hats”

by Dennis San Vicente

105 Advertiser’s Index 80  News Bytes

75 Classified Display Ads 78 NV Bookstore
16 Electro-Net 7 Publisher’s Info
8l Electronics Showcase 6 Reader Feedback

36 New Product News 54 Tech Forum

NOVEMBER 2003

ol. 24 No. | |

™ ' 1B

2 6 ELECTRONICS Q&A
What's Up: A collection of commonly asked

questions are answ optoisolators, and 555
timer techniques. And a quiz for the readers!

IN THE TRENCHES

97 For design engineers facing real world problems.
This month: How to purchase test equipment.

84 JUST FOR STARTERS

An introduction to synchronous logic, state-full
circuits, and D flip-flops.

88 LASER INSIGHT

Time to press the fire button! Final testing,
calibration, and safety issues.

l 2 LET'S GET TECNICAL

More on foundational binary logic, the DeMorgan
laws, and how to identify redundant logic gates.

32 MICRO MEMORIES
Return to the salad days of CompuServe.

I 8 PERSONAL ROBOTICS
Robots as ... art!

ROBOTICS RESOURCES
Now in SERVO Magazine.

92 STAMP APPLICATIONS

Use this high speed GPS interface to create a
miniature digital dashboard for your vehicle.

TECKNOWLEDGEY 2003

3D laptop displays; Hide your Email address;

A roll-up solar cell; RIAA sues a seventh grader
...and more!

Nuts & Volts (ISSN 1528-9885/CDN Pub Agree#40702530) is published monthly for
$24.95 per year by T & L Publications, Inc., 430 Princeland Court, Corona, CA 92879.
PERIODICALS POSTAGE PAID AT CORONA, CA AND AT ADDITIONAL MAILING
OFFICES, POSTMASTER: Send address changes to Nuts & Volts, 430 Princeland
Court, Corona, CA 92879-1300 or Station A, PO. Box 54, Windsor ON N9A 65,




Reader Feedback

Dear Nuts & Volts:

This is a humble request for the
editorial staff of Nuts & Volts to press
their contributors to publish source
code to microprocessor driven
articles. An otherwise excellent article,
written by respected authors, is
reduced to “advertising fluff” for a
commercial product when the source
code to their article is kept secret.
Such articles are incomplete leaving
some readers wondering about the
rest of the story.

Let us agree to leave the
infomercial in the hands of broadcast
television where it may represent an
improvement in programming.

Edward W. White
via Internet

Dear Nuts & Volts:

I thought | would just send you a
note thanking you for the excellent
“Let’s Get Technical” column by
James Antonakos in the Sept. 2003
issue. | just substituted V1 "Vtotal" for
your "E. " I push and push my students
to learn the basics. Your article struck
home. They come to me looking to
work with high tech stuff first before
having an inkling on the basics! | teach
grade 9 to grade 13 here in London,
Ontario. | incorporate many topics
altogether in one project to attempt to
accomplish the same effect and make
it interesting. We recycle a lot of old
circuit boards that get donated to the
school (transistors just don’t go bad),
so as a project worth 10 marks, [ have
the students desolder five different
resistors that add up to as close as
they can to 1,000 ohms. They solder
them together (in series) starting from
the lowest value to the highest. Then
they must calculate the voltage drop
that will occur at the four joints. Then

they attach a power supply that they
must set to exactly 10 volts in advance
with no load.

The voltage divider is powered up
(1,000 ohms makes it 10 mA of
current flow ... a nice low number, less
smoke number for me) and measured
with a DVM to check their calculations.
It sounds like a lot of work, but they
soon learn how to take a component
out without damaging the circuit
board. They learn how to solder
components together, they learn the
color code quickly, they learn Ohm's
law, Kirchoff's series circuit laws, how
to use a DVM, and how to use a power
supply. And it enforces the idea of
measuring across each resistor to get
voltage drops — all at little or no
expense to the school — and you can
do it a zillion times and no two are the
same, so they can't copy (ha ha).
Great article ... more, more, more!!!

Richard Blow
Saunders Secondary School
London Ontario, Canada

Dear Nuts & Volts:

In regards to the Levitation article
in the Sept. 2003 issue ... a tip: If you
don't want to smash the Hall Effect
sensor with the electromagnet, cut a
slot in the bolt head just deep enough
to allow the magnet to hit the head of
it without being able to smash the
sensor. The sensor used should
activate entirely through one of its flat
sides so that the riser metal on either
side of it won't affect its sensitivity.

Hilary Ryan
Sorrento, FL

Dear Nuts & Volts:

You've probaby had many others
point out the irony of there being a
typo on page 95 of the September

2003 issue right underneath the
"Check those facts" box, where a new
scientific unit has been introduced, the
Kelvin-Hertz (KHz).

To complete the irony, two
paragraphs later is the title "Accuracy,
Completeness, and Clarity” wherein it
is discussed what happens when you
say something wrong in a publication.
I'll bet Gerard meant kHz but hey! I
can't let an article on writing get away
with such a miscommunication
..<grin> Now let's see, what have |
misspelled ...

Jonny
San Diego

This was my fault, due to the
ambiguity of using kHz in RF vs.
KHz in digital computing. IEEE
suggests kHz, though I presume the
readers of Nuts & Volts are smart
enough to infer context, and not
confuse MHz with Molar-Hertz.

— Editor Dan

Dear Nuts & Volts:

| was a Poptronics subscriber that
was introduced to Nuts & Volts when
Poptronics was discontinued. I've
been very pleased with Nuts & Volts
issues that | have received since the
demise of Poptronics.

However, | would like to point out
that the Apple G5 is NOT the first 64
bit processor for personal computers.
A 64 bit processor has existed for well
over a decade - the Digital Equipment
Corp. Alpha. The first Alpha was the
DECchip 21064 introduced in
February of 1992. | have been using
DEC Alpha based 64 bit processors
for nearly its entire lifespan. | am
typing this message on a dual

Continued on Page 74
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Deluxe

performance

in a back-to-basics

design: The SG-2020 ADSP?2

Anyone from a first-timer to an old-timer can be on the air
NOW. No menus, no confusion, two-step operation. Just
select your frequency and transmit! The SG-2020 with ADSP2
is perfect for base, backpacks, or business trips.

ob- 2020 angp

The SG-2020 HF Transceiver covers 1.8 to 29.7 Mhz in USB, LSB
or CW. It adjusts from 1 to 20 watts of output power, uses a
9-18 VDC supply, and draws as little as 400 mA in receive. The
transceiver has built in ADSP2 for 12 to 26 dB of superior quality
noise reduction, and 3 proprietary digital bandpass filters. Only
2-3/4 inches high, 6 inches wide, and 7-1/4 inches deep, with

a metal case that weighs in at under 5 pounds complete. It's
rugged, dependable and goes where you want to go.

a6-2020

Thandceiver,
Cat. # 05-04

‘@ W W srons=

RF VOLUME

www.sgcworld.com
for more information GCe? ADSPZ/

on the entire line
of ADSP2 solutions.

phone us at
800.259.7331 E :

SGC, Inc. 13737 SE 26th St, Your, ///-S’o&t[(bla

Bellevue, WA 98005
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The Owens Valley, CA, antenna is one of 10
in the VLBA system. Each weighs 240 tons,
is 25 m in diameter, and stands nearly as tall
as a |0 story building. Image courtesy
of National Radio Astronomy
Observatory/Associated Universities, Inc.

VLBA Reaches Age Ten

n case you missed it, 2003 marked

the 10th anniversary of the National
Science Foundation's (www.nsf.gov)
Very Long Baseline Array (VLBA), a
continent-wide radio telescope that is
used primarily to view information
that happened an inconceivable num-
ber of years in the past, at an incom-
prehensible distance, revealing things
that most of us don't understand.
Dedicated in 1993, the $85 million
system includes 10 240-ton antennas
located from Hawaii in the west, to the
US Virgin Islands to the east. They are
controlled by the Array Operations
Center in Socorro, NM, and function
as a single instrument.

Acting like a 5,000-mile-wide eye,
the VLBA can produce the sharpest
images of any existing telescope,
whether Earth or space based. It is
said to deliver resolving power equiva-
lent to standing in New York City, and
reading a newspaper in Los Angeles.
Major achievements of the VLBA

8
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Events, Advances, and News
From the Electronics World

include the most accurate distance
measurement ever made of an object
beyond the Milky Way, the first map-
ping of the magnetic field of a star
other than the Sun, "movies" of cos-
mic jets and supernova explosions,
the first measurement of the propaga-
tion speed of gravity, and other
notable observations.

Laptop Features 3-D Display
illed as the world's first notebook
- computer incorporating a 3-D
LCD monitor, the PC-RD3D machine
from Sharp Corp. (sharp-world.com)
is slated for availability with a
Japanese-language OS and keyboard
before the end of 2003, with the
English version to come later. Users
can switch between standard 2-D and
3-D viewing, and no special glasses
are required for either. Using a "paral-
lax barrier system," the LCD incorpo-
rates a "liquid switching crystal" that
controls light as it leaves the display,
such that the viewer's right and left
eyes see different images. When the
liquid switching crystal is disabled,
light is emitted in the standard way.
The computer itself is based on a

2.8 GHz Intel® Pentium® 4 micro- |

processor and a NVIDIA® GeForce™
4 440 Go graphics chip. It features a
15-inch display, a built-in DVD drive,
and a 60 GB drive. Word on the street
is that it will be priced at just under
$3,000.00.

Confuse Address-Harvesting
Robots

s you probably know, among the
tools used by spammers to
invade your Email system are "robots"
that crawl the web and harvest
addresses from web sites. If your
address is placed somewhere in pub-

lic HTML code, it is likely to be distrib-
uted to millions of spammers world-
wide within 12 seconds or so, after
which you will be bombarded with
dozens of daily offers of cheap mort-
gages, Russian brides, herbal Viagra,
huge sums of cash from Prince
Kwame Kuffor of Ghana, and, of
course, penis enlargement pills. (I
have yet to encounter an offer for
penis reduction pills, which shows
how little Email marketers know about
their intended customers.) But the
folks at Hiveware (www.hiveware.
com) have developed a way to avoid
that (at least until the spammers fig-
ure out how to get around it).

All you need to protect Email
addresses in your web site is
Hiveware's Enkoder application.
According to the company, "The
Enkoder will encrypt your Email
address and wrap the result in
JavaScript, hiding it from Email-har-
vesting robots — just paste the result-
ing JavaScript into your web site
HTML. Your address will be displayed
correctly by web browsers but will be
virtually indecipherable to Email har-
vesting robots.

Instead of merely breaking up
and printing out a standard mailto:
tag, the Enkoder generates a unique
and random key and ties that to an
encrypted array containing your
address for even better protection.
Furthermore, the Enkoder uses a
genetic algorithm to generate the
JavaScript so it's different every time.
Because the JavaScript changes each
time you run the Enkoder, it is virtual-
ly impossible for spammers to parse
and decode your address."

Best of all, Enkoder is free.
Enkoder 2.0.5 runs only on Mac OS X
10.2 (Jaguar), but Hiveware also
offers the Enkode Tool command-line
version, which is available for
Windows, Linux, FreeBSD, and the
Mac OS.

NOVEMBER 2003



Library of Congress to
Offer 80,000+ Movies

~ t has been announced that three uni-
versities  (the  University  of

Washington,  Rutgers  University
Libraries, and the Georgia Institute of
Technology Interactive Media

Technology Center) have received a
$900,000.00 grant to build the Library
of Congress' (www.loc.gov) first cen-
tralized online catalog of film, televi-
sion, and digital video images from
libraries, national archives, museums,
and broadcasting companies. Known
as the Moving Images Collection
(MIC), the centralized online catalog
ultimately will be the largest reposito-
ry in the world for digital moving
images. It will expand the Library of
Congress' ability to provide video
images of the nation's most treasured
and important images, including
archives in the national Smithsonian
to video from the Hubble telescope,
all as one resource that is accessible
over the Internet. When completed,
the MIC will work much like an
Internet search engine except that it
will be modified to locate moving
images only.

The MIC databases and web por-
tal will be powered by two IBM
eServer p630 and two IBM eServer
p610 models running SuSE Linux
Enterprise SLES 8 and leveraging the
IBM directory server. The eServer
p630 and p610 systems will serve as
the gate to the database and permit
users to search and locate the mov-
ing images. After finding the video
images with MIC, users can then
make arrangements directly with the
content providers to obtain permis-
sion to view or reference the moving
images. Many moving images will be
available for direct streaming via a
link in the catalog record.

Apple Enters
Supercomputing Realm

s perhaps an early indication
that Apple Computer's
(www.apple.com) G5 machines are
getting some market traction, it was
recently announced that Virginia
Polytechnic Institute (better known as

NOVEMBER 2003
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Virginia Tech) is building a supercom-
puter cluster that will use 1,100 of the
G5 64 bit, 2 GHz, dual-processor
computers. Clustering technology is
a popular choice among educational
institutions that want to deploy super-
computing power without spending a
great deal of money on a large
machine. The G5 is said to offer
excellent floating point performance,
a key requirement of many scientific
computing applications.

"Virginia Tech's idea was to devel-
op a supercomputer of national promi-
nence based upon a homegrown clus-
ter, Hassan Aref, dean of Virginia
Tech's College of Engineering, said in
a statement. The new cluster is
designed to make its way into the rank-
ings of the world's largest supercom-
puters, a list that currently includes no
Macintosh machines. Virginia Tech will
use the cluster to perform research on
nanoscale electronics, chemistry, aero-
dynamics, molecular statics, computa-
tional acoustics, and molecular model-
ing, among other tasks.

The servers in the cluster will be
connected through 24 high-speed
Infiniband switches from Mellanox
Technologies (www.mellanox.
com). Infiniband, which was developed
by a consortium of server and storage
companies, was designed to provide
greater bandwidth than other

interconnect technologies.

RIAA Shows Its Fangs

f you think the Recording Industry

Association of America (RIAA) isn't
serious about curtailing music theft
over the Internet, think again. Among
the hundreds of people who have been
sued by the RIAA for using download
sites such as Grokster and Kazaa, is
12-year-old Brianna LaHara. The
organization extracted a settlement of
$2,000.00 from Brianna's single moth-
er as compensation for the girl's down-
loading of children's songs such as "If
You're Happy and You Know It, Clap
Your Hands." In a way, the sum is a
bargain, given that US copyright law
allows penalties of up to $150,000.00
per song.

Fortunately, P2P United, an associ-
ation of six file-sharing web sites, has
offered to pay the fine. According to
the group's executive director, Adam
Eisgrau, "We don't condone copyright
infringement, but it's time for the
RIAA's winged monkeys to fly back to
the castle and leave the munchkins
alone." But don't expect the P2P
United to come to your rescue — this is
a one-time gesture that will not be
repeated. (As of this writing, the
www.p2punited.org site is under
construction, but there may be some-

Affordable three servo walker with
time-tested rock-solid design!
Your choice of controllers!
® BASIC Atom, ’
® OOPic-R, -C

® BASIC Stamp-2
Precision Laser-cut
Lexan material, with
optional knockouts for
adding pan & tilt camera, or
panning ultrasonic sensor!

All hardware construction using
common hand tools, no glue or tape!

(Introducing the Redesigned Hexapod 1)

Shown with IRPD
sensor installed

Supports IRPD, ultrasonics and whiskers!

We stock over 130 robotics items ranging from; motors, hubs and wheels,
sensors and electronics, to complete turn-key robot kits. We also have many
exclusive custom parts. We only stock the best! Check out our huge web site!

‘www.lynxmotion.com|

Ultrasonics

Pan & Tilt

Whiskers
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thing there by the time you read this.)
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]Nurs & Vorrs

ICP Global offers a line of flexible solar
panels that can be mounted nearly
anywhere. Photo courtesy of ICP

Global Technologies.

Portable Solar Power
Up to 20 W

relatively new development
from Canada's ICP Global
Technologies (www.icpglobal.com)
is Battery SAVER FLEX™, a portable
solar panel that can be used not only
for charging batteries but also as a
direct power source for GPS units, cell
phones, laptop computers, and other
portable devices (using the optional
12 V power socket).
The unit incorporates technolo-

gies developed by NASA and the mil-
itary, using non-breakable copper-
indium-gallium diselenide cells that
are stable and long lived, even in the
extreme ambient conditions of space.
The malleable construction and
mounting options make it suitable for
installation on boats, RVs, campers,
and even (as shown) on backpacks
for use while hiking.

When not in use the panel can be
rolled up and stored in a bottle or tube.
BatterySAVER FLEX panels are avail-
able in 5, 10, and 20 W configurations.

Available from online stores such
as Boat US (www.boatus-store.
om) and West Marine (www.westma-
rine.com), they will set you back by
about $150.00, $250.00, and $480.00,
respectively, including a three-year
warranty.

Audio Amp Eliminates
Bypass Capacitor

ational Semiconductor (www.

ational.com) has introduced
the LM4906 Boomer® audio amplifi-
er, which eliminates the bypass capac-
itor typically connected to the refer-
ence voltage pin. According to the
company, the new architecture
improves power supply rejection ratio
(PSRR) and provides fast turn-on
times, making the device suitable for
applications in small, portable devices
such as mobile phones and notebook
computers.

Designed to improve overall sys-
tem performance, the LM4906 is
capable of delivering 1 W of continu-
ous average power to an 8-ohm
bridge-tied load (BTL) with less than
1% total harmonic distortion plus
noise (THD+N) from a 5V DC power
supply. The LM4906 has an internal
selectable gain of either 6 or 12 dB. It
does not require output coupling
capacitors or bootstrap capacitors.

The LM4906 contains advanced
pop-and-click circuitry that eliminates
noise during turn-on and turn-off tran-
sitions. Additionally, the LM4906 fea-
tures a low power consumption shut-
down mode (the part is enabled by
pulling the shutdown pin high) and an
internal thermal shutdown protection
mechanism. The LM4906 is available
now in chip-scale and miniature SOIC
packaging and is priced at $0.60 in
1,000-unit quantities.

National's LM4906 audio amplifier eliminates
the bypass capacitor, saving board space.
Courtesy of National Semiconductor Corp.

Bitscope |

DIGITAL
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Let’s 77 Technical

by James Antonakos

Electronic Theories and Applications From A to Z

Let’s Get Technical

There's More Simple Stuff?
Do You Know Your 1, 10, | |s!

n the last column, we examined

the importance of knowing the

basics of DC and AC circuit
analysis. This month the spotlight is
again on the basics, but now | shift
the focus to digital electronics.
Right off the bat it's important to
understand that digital electronics is
not just wiring logic gates together
or drawing schematics. It’s also
about mathematics and pattern
recognition.

Well, that sounds like enough of
an excuse to avoid learning some of
the finer points of digital design! But
it's a fact that to ignore the simple
mathematics of Boolean algebra

Figure 2. Truth table for the logic
circuit of Figure 1.

when working with digital circuitry
leads to trouble. Consider the digital
circuit shown in Figure 1. There are
two inputs, A and B, and a single out-
put F. What does the truth table of
the circuit look like? One way to
determine the answer is to apply all
four AB input combinations (00, 01,
10, and 11) and figure out what F
equals for each pattern.

Another way to analyze the cir- "‘

cuit is to see that the output F will be
high if either AND gate outputs a
logic one. So, what do we need to get
the AND gates to output this high
logic level? The upper AND gate
requires that A and B are both high,
while the lower AND gate needs A to
be high and B to be low. Figure 2
shows the resulting truth table.

Now, as the truth table clearly
shows, the output F is high whenev-
er input A is high — no matter what
input B is doing. Input B has no
affect on the output! In fact, we don’t
even need the four logic gates, since
F equals A for all four input combi-
nations. The circuit reduces to just a
wire from the A input to the F out-
put. Here we use the pattern we see
in the truth table to help us reduce
the circuit.

It’s a doomed company that will
manufacture circuits like the one
shown in Figure 1, as they are wast-
ing their money on logic they do not
need. This applies to digital circuits
built the old-fashioned way with indi-
vidual TTL ICs, as well as to newer
circuits designed for operation within
PALs, GALs, CPLDs, or FPGAs.

How does one recognize a circuit
that contains useless gates? That is a
difficult thing to do. However, there is
still another way to analyze a digital
circuit that is straightforward and
leads to a simplified version with a
minimum of fuss. Here is where the
math comes in.

Figure 3 shows the original cir-

Figure 4. Truth table for the OR gate.

A B F

0 0

=

Figure 3.
Original circuit

with Boolean

Figure 1. Simple
digital circuit

with two inputs
and one output.

terms added.
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cuit with the addition of the Boolean terms for each logic
element. Now, look closely at the equation for the output
F. Since input A is common to both terms in the equation,

pairs that factor and reduce. Unfortunately, you can over-
compare and actually start adding unnecessary terms back
into the equation. The more advanced methods of Karnaugh

we can factor the equation and get

F=A(B+B)

What we now have is an equation that translates into a
circuit with one less logic gate (we eliminated an AND gate
by factoring). Although this is not always the case, we

often get a reduction of one gate by factor-
ing. The trick now is to recall that the term

(B +B)

always reduces to a one, which allows the
equation to simplify to F = A. So, knowing a
simple Boolean identity and a little mathe-
matical factoring, we have reduced the orig-
inal equation down to its simplest form.
Clearly, it pays to examine a Boolean equa-
tion to see if there are reductions possible.
Remembering that

(B +B)

is always one allows us to perform the
Boolean reduction. But why is this term
always equal to one? The truth table in
Figure 4 shows why. With the B input and its
inverted value both input to the OR gate at
the same time, we always have a 01 or 10
combination present on the inputs, so the
output is always high.

When the Boolean equations have a
small number of terms it's possible to com-
pare the individual terms together, looking for

0 T o
AB A+B
D - | B
AB A+B Spocisity
4> - = -

Figure 5. Logic function equivalent
relationships.

NOVEMBER 2003

maps and Quine-McCluskey eliminate this problem.

But even someone skilled at reducing Boolean equa-
tions must look for other ways to implement the circuit when
necessary. For example, a logic board already crammed
with ICs may not be able to support the addition of a new
IC — there is no room available. But what if the customer
requires a modification to the circuit and a NAND gate is

Add INSTANT wireless analog / digital
capabllity to your product.
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Modules

FCC PRECERTIFIED & ready to
customize for your application.

UEMIPRODUCTSES

andheld TX's

From ceramic chlps to ga/n yagis,
keyless entry to WIF

2|

Low-Cost Permanent

Embedded Chips

Proudly Distributed by:

TECHNOLOGIES
¥ § R

www.linxtechnologies.com

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

www.digikey.com
1-800-DIGI-KEY
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Circle #114 on the Reader Service Card.
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Figure 6. Inversion using the NAND function.

Inputs tied A 23 =

together
— ;0 0 | Oneinput .
0 | | tied high
I 0 I -
—_— | I 0 -t

required to complete the modifica-
tion. If there are no spare NAND
gates on the board, and we can’t add
another IC, are we lost? Before we
give up, we look around at all the
spare gates available on the board. If
there are two spare inverters and a
spare OR gate available, we can syn-
thesize the NAND function. Figure 5
shows the equivalent relationships

From Hand to Bench, We've Got You Covered!

Discover Profek’'s
New Bench DMM i trend piot
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ro TEL: 201.760.9898
| FAX: 201.760.9888
‘ Test and Measurement E-mail: sales@protektest.com

NUTs & Vours

Circle #115 on the Reader Service Card.

:

between the various two input logic

| gates. These relationships are covered by

DeMorgan's Theorem, which requires the
inputs of one logic function to be inverted
to mimic the behavior of a different logic
function.

Additionally, it pays to remember other
gate substitutions that allow us to mimic the
operation of the inverter. For example, a
NAND gate may act like an inverter by (a)
tying its inputs together and applying a com-
mon input, or (b) pulling one input high with
a pull-up resistor to +5 volts and using the
second input for the input signal. A look at
Figure 6 supports this claim.

Similar techniques can be used with a
NOR gate (both inputs tied together or one
input tied to ground) or an exclusive OR
gate (one input tied high) to obtain the inver-
sion function as well.

So, a good digital designer uses a little
Boolean algebra, a little pattern recognition,
and knowledge of basic gate substitutions to
build simplified, cost-effective circuits. Even
though these techniques, and many
others, may be automatically applied by
software in a digital-design package, it's
worthwhile to understand them and be able
to use them. Not all digital circuits require
programmable logic devices, but they all

| need simplification.

About the Author

James Antonakos is a Professor in the
Departments of Electrical Engineering Technology
and Computer Studies at Broome Community
College, with over 26 years of experience design-
ing digital and analog circuitry and developing
software. He is also the author of numerous
textbooks on microprocessors, programming, and
microcomputer systems.You may reach him at
antonakos_j@sunybroome.edu or visit his web

site at www.sunybroome.edu/~antonakos_j
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Personal Robotics

Guest Hosted by Mike Keesling

TthsTVOI.TS

Understanding, Designing, and Constructing Robots and Robotic Systems

Personal Robotics

*~ more than engineering.
In my professional career
as an electro-mechanical
systems engineer, | bury
myself in spreadsheets and
CAD programs — calculat-
ing, permutating designs,
and evaluating. My proto-
types must be as good as
the finished product, and
rarely vary much from the
final product. In short, I'm
very constrained.

Robotics as an Art Form

= e

A closeup of
the RoboPede

prototype.

properly would be the
mechanical joint between
segments. | had fretted over
the design for quite a while,
and | wanted my first
attempt to be relatively sim-
ple. | wanted to allow the
device to have relatively
free pitch and yaw, and lim-
ited roll. | came up with sev-
| eral different ideas, each
one seemingly more com-
plicated than the next.

An exploration trip to
the hardware store was the

But when [ get home at
night, | cannot help but continue with
my interests. Here, they take on a
much less regimented form — I relax
and allow my creative juices to flow.
The tedious attention to every detail
of work is replaced with the joy of
play. I explore, experiment, and really
just follow my intuition.

The RoboPede | described last
month is such an example. To recap,
RoboPede is a 12 motor, six proces-
sor, centipede-like robot. The body is
divided into six segments. Each seg-
ment has its own processor, a pair of
motors, and associated H-bridges.
Control between segments is provid-
ed by CANBUS. All together, the
six segments make a 36-inch long,
12-inch wide, 12 Ib. centipede-like
creature.

Goal Seeking

When [ decided to build this con-
traption, | had a certain goal in mind.
| had a pile of motors from Escap,
and new IsoPod™ from New Micros,
Inc. — | wanted to use all of the timers,
PWM, and analog of this board. The

12 PWM outputs could be used to
control motor speed. The timers pro-
vided a way to measure motor speed.
So the IsoPod and 12 motors were my
starting inspiration.

What could I do with 12 motors?
| knew that simply slapping that
many motors onto a stiff chassis
would be uneventful. Of course, | also
wanted to build something unique.
How could 12 motors be useful in
driving a robot? The body would have
to be something other than rigid. |
came upon the idea of a segmented
design.

My intuition immediately told me
there would be something “pleasing”
and potentially useful about a cen-
tipede design. The motion should be
very animated — almost life-like. The
idea of segments — all driving for the
same goal — held an unstated prom-
ise. | couldn't express in words what |
expected, but | knew it was a kinetic
form that | wanted to explore.

A Joint Effort

The key to building this centipede

inspiration |  needed.
Sprinkler “cross” joints turned out to
be a very close match to the bodies of
my motors. With a little machining,
the motors could be pressed in. The
real gem from my looking around
was the springs | found, which fit into
the sprinkler joints with a little forc-
ing. The springs were made of heavy
wire, and allowed the segments to
move just the way | wanted them to.
The idea of the body came together.

ideas From MIT

Now, what should | put on the
ends of the motor for “motivators?”
The right thinking about hubs and
wheels eluded me for a while, too. |
had seen “whegs” on an MIT website,
and decided | would give them a try.
“Wheg” is a contraction between
wheel and leg, and is essentially three
sticks stuck into a hub. | did some
speed and torque calculations in my
head based on the mass of my
motors and batteries, and had some
whegs laser cut out of polycarbonate.

| mounted them on the motor

| shafts and they looked good. I figured

NOVEMBER 2003




I should make a test run of the chassis
without adding microprocessor con-
trol. | assembled the RoboPede with a
mass of tape, wire, glue, batteries, and
an on/off switch.

Launch day proved to be a raving
success. The beast performed better
than | had expected. The thing was
able to climb up and down stairs, over
concrete parking blocks, through dirt
... Whatever. It was unstoppable!

Kryptonite for
Whegs

Well, almost unstoppable — crab-
grass proved to be its undoing. | had
designed a short arc onto the end of
the wheg, in an attempt to provide a
smooth rolling surface, a sort of trade-
off between peg and wheel — to be
more wheel-like, and less peg-like. In
retrospect, | was unintentionally mak-
ing hooks. As it turns out, these dug
into the crabgrass and locked in. |
could hardly pry the thing out of its
self-woven green bed. If | had more
torque available, | was sure | could use
this as a garden implement. As it was,
| had invented electric VELCRO®.

Once back on harder surfaces, |
learned the choice of whegs meant
vibration was going to be my enemy.
Because this was a test bed, | know-
ingly did not follow good design prac-
tices. Not only should you not mount
a side load to the shaft of a gearbox
(unless it is specifically designed for
that), but you should also support it
by its provided mounting points. | did
neither. | affixed whegs to the shafts.
The shaft was attached to the gear-
box, and the gearbox was supported
by the motor, with the motor wedged
into the sprinkler cross section. | knew
it was wrong, but | had a surplus of
motors, and didn't mind wasting a few
to get answers. | only expected it to
work for a few hours — tops.

Acceleration figures would likely
reveal some frightening numbers, but
hey, this was for fun, remember?
Caution went to the wind. I did not
expect things to go so wrong so quick-
ly — some of the pins that held the
gearboxes to the motors worked their
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way out, spilling sun and planet gears
all over the place.

Clearly, a complete mechanical
re-design was in order. | was going to
have to support the gearboxes by their
end plates, as was intended by their
design. This was the end of the cheap
and simple sprinkler cross sections.

At least | had a better idea of the
hardware elements [ wanted to embed.
| set to doing a complete re-design of
the mechanism itself. In this iteration,
| would face-mount the motors, but |
would not go through the trouble of
isolating them with gears or belts and
shafts. The added expense at this
point would not justify it. | came up
with a design that would encapsulate
the motors, batteries, and wiring har-
ness in laser-cut polycarbonate boxes.
This design allowed me to access the
computing hardware, while maintain-
ing the “spirit” of the original design. |
also took a meager step at the vibra-
tion and crabgrass issue. | designed
my whegs as spiraling arms, with a
neoprene sheath. | hoped this would
act as a bit of a shock absorber.

Practical Wiring
Considerations

From a wire harnessing point of |

view, 12 motors offered a unique chal-
lenge. At the least, it meant a lot of
stuff — no matter what it was. A lot of
wire, connectors, batteries — you
name it, there was going to be a lot.
Early on, | decided | was going to run
velocity feedback on every motor.
Upon looking at all of the wire
required, | decided to regroup my

thoughts. First, there were a lot of con-
trol lines. Stringing motor power, +5V,
ground, and signal wires to every H-
bridge circuit meant a lot of wire. To
top it off, stringing the error and
tachometer lines back to the IsoPod
amounted to even more. Realize that
with 12 motors and bridges, you
would be asking for trouble if you did
not follow proper power practices, and
use a star point ground and power dis-
tribution.

Now remembering what | said
about work versus home, when [ do a
personal robotics project, | go with a
sort of “free form” approach. If this
had been a professional project, |
would have modeled the harness from
the beginning, and realized it was a
major hurdle. But collecting a bundle
of wire isn't that much fun, while build-
ing a robotic centipede sure is.

So here | was, with a neat idea,
and a really tough build. Professionally
or personally, | try to never let myself
get locked into a faulty design, and
this case was no exception. It would
mean a major departure from my orig-
inal design inspiration, though.

The solution was to go with a dis-
tributed processing architecture.
Although it was a departure from my
original intent, the details of distrib-
uted processing also presented a lot of
challenges and left open some unique
possibilities. For one thing, switching
from one IsoPod to six MiniPods™
meant that | would lose a lot of wire. |
would also have 40 more analog chan-
nels available, and could use a differ-
ent control model for the motors.

In my original scheme, | had

|
|
L

Degrees of freedom between body segménts
of theRoboPede. To maintain traction, roll was

Yaw

Roll Pitch

intentionally constrained.
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intended to run the H-bridges with
what is called locked anti-phase PWM.
Since locked anti-phase only requires
one wire to implement, it was a per-
fect match since | only had 12 chan-
nels of dedicated PWM available on
the IsoPod. With six channels of PWM
available per segment on the MiniPod,
| could use what is called complimen-
tary pair PWM. This would use two
wires per H-bridge, but it offers better
control of the motor. In addition, hav-
ing four timer channels available per
segment, | could now run quadrature
decoding if | wanted to, reading posi-
tion, direction and speed, instead of
just simple unsigned-velocity feed-
back.

it's All About
Communication

The missing piece of the puzzle
was how to communicate with all of
these segments. | had been playing
with CANBUS, and although at the
register level it is a bit esoteric, the
simplicity with which messages are
handled was quite appealing. CAN-
BUS takes care of the boring stuff like
message verification and error detec-
tion, leaving the fun stuff like higher
layer protocols. Rather than spending
the money to buy a specification for
an existing CAN protocol, | decided |
would write my own simple protocol.

20

Getting the build com-
plete took a lot of time. The
very thought of all that wire,
and all those components
was daunting. After the
mechanical build, [ let it sit
there on a shelf for a month
or two. Finally, [ forced myself
to finish it, so I set out to get
it all wired up. After about 40
hours worth of evenings, it
was all wired up. | soldered
and heat shrunk all the joints,
used silicone insulated wire,
and set it running.

This version, with the
modified whegs, had slightly
poorer performance, since
less torque was available for
accelerating and climbing.
However, it was still fast, and a real
challenge to catch. Remember that
even on flat ground, it is climbing a
hill three times for every rotation of
the wheg. Bear in mind, the wheg isn't
round. Unlike a wheel, the missing
spots between spokes don't support
the body. This amounts to climbing
up a 1/2-inch hill, from supported to
dropping, eight times a second. It was
like designing speed bumps into my
wheels.

RoboPede's maiden voyage was
executed without velocity feedback. I
had left room for the Hall-effect sen-
sors with small magnets mounted on
the whegs. | had intended to use
these as rotation detectors, but | was
too eager to play, so | delayed their
implementation. | programmed a sort
of “figure eight” pattern, and let it run
loose. Even with the bigger whegs,
and resulting reduced performance, it
was about impossible to catch.
Without more sophistication in the
program to communicate with the
operator, it was daunting to stop.
Imagine this thing, a yard long, run-
ning “figure eights” at just under two
miles per hour?

Power and Control

| had intended to implement an
R/C transmitter and receiver later on,
but it was clear that | needed to con-

trol it now. Implementing the R/C was
fairly straightforward. | added the R/C
receiver to the lead segment's com-
puter, and used it to override the
motor speeds. | used two timer chan-
nels to read my R/C receiver with the
MiniPod, and had possibly the world's
coolest R/C toy.

Actually, in robotics, it is perfect-
ly valid to implement a simulator, or
at least, that is what | keep telling my
wife. Implementing the R/C has actu-
ally been a real help in understanding
what it can and cannot do. This has
allowed me to precisely control its
behavior and observe what is happen-
ing. | had modeled differential steer-
ing in spreadsheets, and so applied
simple mixing to control the motors
by side. | also added reversing on the
steering, so by pulling or pushing on
the stick, it would go forward or
reverse. The catch is that by going in
reverse and flipping the steering, you
could actually treat the tail as the
head. I plan on using the third chan-
nel to cause a slight velocity gradient
from front to back to help stabilize the
rear end. (Eventually, | would like to
add telemetry feedback that I can
pump into LabView running on my
PC:)

I had planned on some fairly
sophisticated programming, as far as
relaying commands to the different
segments. | had intended to delay
commands to the segments so that
they would “wagon train” along. As it
turns out, the mechanism takes care
of that itself. Simple differential steer-
ing was apparently all it would take to
make a reasonable system. This
makes the control easier, but was dis-
appointing in a way. | was looking for-
ward to implementing a sort of buck-
et brigade to hand commands from
one segment to the next. My individ-
ual segment control is warranted,
however, because climbing requires
specific control of the motor seg-
ments, which [ will enable in the
future. My current plan is to force one
end to drag a bit, and tension the
entire robot to prevent it from bunch-
ing up. | also think that [ can gain a
lot with advanced traction control, as

NOVEMBER 2003



Personal Robotics

well. Again, it is just part of the learn-
ing process.

Another planned use for the CAN-
BUS is I/O. | have constructed some
high current LED driver boards for
red/green/blue and white lights on
each segment. | can easily drive 40
LEDs per segment. As it is, all the 70
or so status lights on the MiniPods and
H-bridges make for a stunning visual
display at night, and having another
240 high intensity LEDs pulsating and
flashing will be quite a sight indeed. |
like to justify these as “status” lights,
but honestly ...

Signs of Abuse

After many hours of runtime,
everything was really getting beat up.
The constant hammering of the
whegs started causing solder joints to
the batteries to come undone, connec-
tors to come off, screws to come
loose, and even glued joints and
whegs to break. Some of this was
expected, and | wrote it off as the “cost
of doing business.” After all, this is the
electrical test-bed, meant to flesh out
control issues, and be easy to pro-
gram and modify.

Another unfortunate side effect
was all of the bouncing. The constant
hammering left me with very little
sensing capabilities. With that much

motion, | would either have to sense
the motion and use it as a sort of scan-
ner, or sense it and remove it mechan-
ically. | looked at implementing a level-
ing platform, but that was an added
layer of complexity | did not want to
tackle.

If you look at MIT's whegged
robots, you will find that they are
mounted to rigid platforms. This, com-
bined with positional feedback, allows
them to synchronize the stepping of
the whegs, which adds to their stabili-
ty. As a whole, the platform is very sta-
ble. This realization caused me to
completely abandon the whegs alto-
gether. While it was an unfortunate
eventuality, | had prepared for that,
and had purchased a dozen
polyurethane scooter wheels on sale
at a local surplus store.

So, as a precautionary measure, |
silicone glued all the connectors,
boards, batteries, and mounted the
wheels. The ride is now smooth, and |
have about 20 hours on it since the
repairs. It has also resulted in triple the
battery life, and now I can easily run
for 40 minutes between charges. A
side benefit is improved climbing and
guidance. Presently, it can climb up a
city street curb with little effort.

Again, more trade offs — before,
the random hopping caused it to have
sometimes wild lateral excursions

. 130,000 ___|
Second
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The H-bridge control technique used on
the drive system.The motor only reacts
to the smoothed average of the duty
cycle presented by the A and B phases.

while moving forward. Now, the front-
end tracks in a straight Iline.
Unfortunately, it is less life-like than
before. The hopping gave it an endear-
ing quality, but I cannot afford the time
for the repairs. When I do another one,
I will factor the vibrations in, and
account for them.

Dynamic Control
Questions

Of course, there are side effects
that have cropped up that | don't fully

Isit Qyp
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CONTROL
YOUR
WORLD

With the

Dios Ultra

-Self contained / Built-in Engine

+300,000 lines of basic code per second
+Visual Basic Type Language

+1500 Bytes of Ram

:Libraries with local and global variables
*Floating Point and String Variables

+Inline Assembly

*I2c¢,1Wire,SPI

Interrupts / Arrays

*No High Priced Development platform needed

Several Form Factors and Options
Available o

Starting at $16.95

With rheA.rhena

Designed for beginners

*Basic Language
Get one -I2c/SPT
for jus'r -15 IO Ports
*UART
“ *No External Components
$ 6.95ea +Free Development Software

Many PCB project
boards available

+Serial LCD
*Motor Controller

What can you

build with the -Servo Controller
Athena? *PC 10 Interface
+Data Collection
Lots More ....

Kronos Robotics

and Electronics

www. kronosrobotics.com

703-779-9752
fax 703-779-9753

*Online Store e
- ‘Free Information [
*Free Software
*Projects
+PC Boards
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understand yet. The rear wheels now ‘
tend to “fishtail” fairly severely. This is
at its worst on smooth linoleum, and
not noticeable on low plush carpet. |
believe a few things could fix this.
One would be positional encoding on
the segments. By giving a segment a
trajectory to follow, it cannot allow
itself to get “bullied” by other seg-
ments. Another possible remedy is to
allow the rear-most segments to
“drag” behind, or perhaps the
advanced traction control will solve
things.

After testing all the different soft-
ware ideas | want to explore, | will
most likely build one last mechanical
version. In this version, the electron-
ics will be encapsulated, and any
mechanical flaws will be corrected. At
this stage, | would like to have vacu-
um-formed cosmetic body panels
made, with backlighting provided by
my LED boards. Belts and axles will
isolate the gearboxes from the loads,
and will even give me some finer con- |
trol of torque versus top speed.

I will most likely switch from
hand-wired discreet transistors for the
LED drives to some high current
drives on PC boards, integrated to
carry the H-bridges for the motors
and MiniPods, as well. | plan to imple-

ment my “optical mouse hack” as a
primitive vision sensor, combined
with an array of infrared distance sen-
sors. | may even increase the
mechanical platform's size to include
more batteries and encoded gear
motors, and perhaps a music play-
back device to play the theme from a
well known parade at a well known
theme park.

Overall, the RoboPede saga has
only just begun. Every discovery
leads to more questions and interest-
ing solutions. It still pretty much
looks and acts like | intended,
although | really expected | would
have to provide a much more active
software control system.

At this point, | am running with-
out feedback on the wheels, yet |
climb curbs, stairs, and children with
relative ease. | do know that getting it
to understand terrain will be difficult,
but hey, it has always been about the
challenge.

It's about

“ ”

art” done my way.
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Hardware and Software for Controlling
Lights, Music, and Special Effects

Innovative
Leading-Edge
Technology

« Design and program your displays using your PC and
our powerful Basic-like A.C.L. programming language

« Control more than 4,000 “channels”

« Deploy a variety of synchronized lighting effects —
ramp, fade, sparkle, blink, shimmer, pop, and more

« Affordable. Works with existing lighting

« Variety of controllers and processors for lighting,

sound, and interfacing to other equipment

« Build never-before-seen displays for Christmas,

Halloween, parties, or any special event

Animated Lighting, L.C.

7304 W. 130th Street, Suite 100
Overland Park, KS 66213
913-402-0700
www.animatedlighting.com
sales@ammatedlightmg com

Copyrvghl ) 2002-2003. Animated ngMmg LC.All nghts reserved.
All specifications subject to change.
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Probes, Sensors & Attachments

Power Supplies

Communication Analyzers

B.y any feSf Or measure’ SpectrumAnalyzgrs
)
we ve got great deals.

Moultimeters

Oscilloscopes

For great deals on a wide range of test and measurement
equipment, look to eBay first. With thousands of listings

Jfor new, used and professionallyfalibrated equipment, it easy
to find the tools and instrumentation solutions your business
needs. Whether buying or selling test and measurement
equipment, eBay is the right instrument to use.

www.ebaybusiness. com

Al items subject to availabilty.

© Copyright 2003 eBay Inc. All rights reserved. Bay and the eBay logo are of eBay Inc. Designated of their
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Broadcast Your Holiday Greetings...AND SAVE S$S!

Professional FM Stereo Radio Station

v Synthesized 88-108 MHz with no drift e —
v Built-in mixer - 2 line inputs, 1 mic input Holiday Sale!
v Line level monitor output Expires 1/15/04
v High power version available for export use =S

The all new design of our very gopular FM100! Designed new

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

formance ever! Frequency s?lnthesized PLL assures drift-free opera-

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

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

Professional 40 Watt Power Amplifier

v Frequency range 87.5 to 108 MHz MHalaae €zl
v Variable 1 to 40 watt power output Holiday Sale!
Bxpires 1/15/04 |

$259.95 $26905
$329.95 $34905
$399.95 $429005

v Selectable 1W or 5W drive

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

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

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

watt drive you can boost your output u;la to 40 watts! And this is

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

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

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

PA100 40 Watt FM Power Amplifier, Assembled & Tested

Synthesized Stereo FM Transmitter

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

$549.95 $59905

m«iav Sale! |

Expires 1/15/04

Need professional quality features but can't justify the cost of a commer-

cial FM exciter? The FM25B is the answer! A cut above the rest, the

FM25B features a PIC microprocessor for easy frequency programming with-

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

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

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

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

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

FM25B Professional Synthesized FM Stereo Transmitter Kit

Tunable FM Stereo Transmitter

¢ Tunable throughout the FM band, 88-108 MHz %
v Settable rre-emphasis 50 or 75 pSec for worldwide operation
¢ Line level inputs with RCA connectors

The FM10A has plenty of power and our manual goes into great detail

outlining all the aspects of antennas, transmitting range and the FCC rules

and regulations. Runs on internal 9V battery, external power from 5 to 15 '
VDC, or an optional 120 VAC adapter is also available. Includes matching case!

$119.95 $13905

| Holiday Sale! ‘
Expires 1/15/04

FM10C Tunable FM Stereo Transmitter Kit
FMAC 110VAC Power Supply for FM10A

Professional Synthesized AM Transmitter Holiday Sale!

v Fully frequency synthesized, no frequency drift! | Expites 1/15/04
v Ideal for schools
v Microprocessor controlled

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

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

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

but is jumper settable for higher output where regulations allow. Broadcast frequen-

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

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

AM25 Professional Synthesized AM Transmitter Kit $89.95 $99105

Tunable AM Transmitter

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

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

Holiday Sale!
7£xpires 7{ 15/04

AMI1C Tunable AM Radio Transmitter Kit
AC125 110VAC Power Supply for AM1
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| LED's. Great for signs, name badges,
| model railroading, and more. Runs on 3-15 VDC.

{ BL1 LED Blinky Kit $7.95

| Strappable to detect any single ‘*
DTl\fl?digit. Provides a closure to b

Tickle-Stick

The kit has a pulsing 80 volt
tickle output and a mischie-
vous blin ing LED. And who
can resist a blinking light! Great
fun for your desk, ™
Runs on 3-6 VDC

154 Tickle Stick Kit $12.95

la.

Hey, | told you not to touch!”

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

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

BN9 Super Snoop Amp Kit $9.95

Dripping Faucet

Produces a very pleasant, but

obnoxious, repetitive “plink, plink”
sound! Learn how a simple transistor
oscillator and a 555 timer can make such
a sound! Runs on 4-9 VDC.

EDF1 Dripping Faucet Kit

|| Our #1 Mini-Kit for 31 years!

Alternately flashes two jumbo red ] o

Touch Tone Decoder

ground up to 20mA. Connect to
any speaker, detector or even a phone
line. Runson 5 VDC.

117 DTMF Decoder Kit $24.95

Electronic Siren

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

ersatile 555 timer chip!
with lots of application ideas. Runs on
5-15 VDC.

Univerlmer Kit

Yoice Switch

Voice activated (VOX) provides a ‘V

switched output when it hearsa = @8~
sound. Great for a hands free PTT

switch, or to turn on a recorder or light! Runs on
6-12 VDC and drives a 100 mA load.

VS1 Voice Switch Kit $9.95

Encodes OR decodes anY tone 40 ﬁ
Hz to 5KHz! Add a small cap and it

will go as low as 10 Hz! Tunable with
a precision 20 turn pot. Runs on 5-12 VDC and
will drive any load up to 100 mA.

TD1 Encoder/Decoder Kit $9.95

RF Preamplifier -4
Super broadband preamp from R b 2

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

SA7 RF Preamp Kit $19.95

Touch Switch

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

TS1 Touch Switch Kit $9.95
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The Latest Hobby Kits! | | Give The Gift Of Learning

Keep Warm Near Your Soldering Iron! Great For The Kids...ALL AGES!!

Holiday Sale!
Expires 1/15/04

v %EE RI:, electric, and magnetic ©~
elds!
v Watch the magnetic field of the
earth!
v Sense different magnetic poles!
v Detect RF transmitter fields!

This really neat project actually senses 452
and detects magnetic fields, RF fields, and %
electric fields! The TFM3 has three sepa- ;
rate field sensors that are user selectable to
provide a really cool readout on two Sci-Fi
styled LED bargraphs! Utilizing the latest technology, including Hall Effect sensors,
you can walk around your house and actually "SEE" these fields around you! Also
detect radiation from monitors, TV's, electrical discharge, and RF emissions. You
will have fun finding these fields and at the same time learn the technology
behind them. Runs on 6VDC (4 AA batteries, not included). Includes custom
designed case for a professional finished look! Live long and prosper!

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

Holiday Sale!
Expires 1/15/04

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

PL130 130 In One Learning Lab Kit $34.95 $3905
PL300 300 In One Advanced Learning Lab Kit $59.95 $64995
500 In One Super Learning Lab Kit $149.95 $15995

AT

TFM3C Tri-Field Meter Kit With Case $54.95 $5905

High Power LED Strobe Light

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

v Lets your cameras see in total darkness!
v Amazing illumination!
v Great for custom camera installations!

; Holiday Sale!
(Il:]:EIBcsfgd) e REOeE Expires 1/15/04

Imagine being able to see in total darkness! It's eas:

with any BW CCD camera and this IR illuminator! There's % N

nothing magic about this kit - it's just an array of 24 high o
intensity IR LEDs and appropriate drive circuitry. The real magic is

| in the CCD video camera. CCD sensors are sensitive to IR light that you can’t see,
| thus illuminate the scene with IR and the camera ‘sees’ just fine. The whole array

will illuminate similar to what you'd expect of a bright flashlight.

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

IR1 IR llluminator Kit Holiday Sale! $24.95 $2905
AC125 110VAC Power Supply Expires 1/15/04 $9.95

BRAND NEW...For The Holidays/
Be One Of The First To Build It!

tEDSlC HighI Power l&ED ?trobe L'i|ght Kit With Case $39.95 $4405

EDS8 Display Board, Inline with 8 LED’s $17.95 _ o

LEDS20 Dis%lay Board, 5x4 Array Of 20 LED’s $29.95 Walking Electronic 8ug J‘!"’llkr
AC125 110VAC Power Supply $9.95 ¢ Fun to build, and fun to use! pev

v Senses obstructions and light beams!
v Adjustable speed and sensitivity!

Watch the little bug scoot across the table ‘
and turn to avoid obstacles in this fun and
very unique kit! A pair of subminiature
vibrator motors drives this little creature
in multiple directions. Using two optical
"tentacle" sensors on the front, this bug
automatically moves out of the way of obstruc-
tions or runs away from a flashlight beam!
Flashing red LED "eyes" gives a whole new meaning to "Red Eye"! Both speed
and sensitivity are adjustable to create your own custom walking pattern! Runs
on two "N" batteries (not included). Get two and have your own BUG WARS!

WEB1 Walking Electronic Bug Kit $29.95

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

Holiday Sale!

Expires 1/15/04

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

1G7 lon Generator Kit $59.95 $6405
AC125 110VAC Power Supply $9.9.

MORE than just friendly on-line ordering!
Clearance Specials, Ramsey Museum, User Forums, Dealer Information, FAQ's, FCC
Info, Kit Building Guides, Downloads, Live Weather, Live Webcams, and much more!
| v Monitor output for your scope

v Simple & safe 9V battery operation ; \\
T e, | ramaey 800-236-2295
| t
| :;:fﬁlheeall'?nwef:il‘g%rt ’:Egss‘a)meetime cov- = a SE & & v

ilering the stage-by-stage electronic 3
“,'circfit theory used in %he kit to moni- E3 BUlId It!

Electrocardiogram Heart Monitor

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

= bt > '”itordit' The three probe wi'r1e picl;‘—ups b . RAMSEY ELECTRONICS, INC. ¥l It!
allow for easy application and experimentation without the cumbersome harness isher i VE -
normally associated with ECG mo':;\itors. Operates on a standard 9VDC battery. 590 Fishers Station Drive e i
Includes matching case for a great finished look. The ECG1 has become one of Victor, NY 14564 4+ Achieve It!
O}l-l.ll’ mo;t pc:tetljlar kits with hundreds and hundreds of customers wanting to get (800) 446-2295 X
| “Heart Smart”!

(585) 924-4560 4+ Enjoy It!

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

ECGIC  Electrocardiogram Heart Monitor Kit With Case $39.95 $4495
ECGIWT Factory Assembled & Tested ECG1 $89.95
ECGP10  Replacement Reusable Probe Patches, 10 Pack $7.95
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Electronics Q&A

R

In this column, | answer
questions about all aspects
of electronics, including
computer hardware,
software, circuits, electronic
theory, troubleshooting, and
anything else of interest to
the hobbyist.

Feel free to participate
with your questions, as
well as comments and
suggestions.

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

What's Up:

It seems | struck a cord
on more than one
answer from the recent
past: readers who want
more in depth info on
topics | touched on.This
month | honor those
requests. The most
requested is expanding
on earth ground and the
equalization of records
cut before RIAA.The
second most asked are
answered via tutorials:
the 4N25 optoisolator,
555 timer, and Wi-Fi.
Finally, a quiz for you, the
reader.
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Phono Preamp

4 | really appreciated
% your circuit showing a
phono preamp in the Aug.
2003 issue. It's exactly what
| wanted. However, my father

% out has a lot of old 78s that I

i

tried recording on CD and
discovered they sounded
either too bassy or just plain
flat. As a kid, | remember
my father having a tube pre-

Equal Opportunity
for Vintage 78s

;’% Your published answer for a
“¢_phono preamp is nearly perfect
for my needs. However, the bulk of
my record collection is acoustic 78s,
cylinder records, and Edison
Diamond Disks, none of which would
benefit from RIAA roll-off or pre-
emphasis. | have all the hardware nec-
essary to play my records, and the
software to remove the clicks and
hiss, but | need a way to switch out
the RIAA curve, and a way to adjust
the volume into the Line In port of my
sound card. The volume level on the
ancient recordings varies tremen-
dously. Can you help me?
Wm. Motley, NV 19742
via Internet

amp that had a selector

switch that he would twist until the

record sounded right. Was this a real

feature or just a bell/whistle money
grabber?

Thomas

via Internet

No. It was real. Many of the ear-
/*lier 78 RPM recordings had equal-
ization (unlike the acoustical record-
ings of Wm. Motley). The problem is
that there was no standard at that
time, and every label made up their
own equalization curve. The RIAA
standard wasn't introduced until the
LP came along in the ‘50s. Figure 1
shows equalization filters for five pop-
ular 78 RPM curves, plus a straight
through "filter" for those Edison
cylinders. Simply insert the proper fil-
ter in the phono preamp feedback loop

Decca 78
0.68 1.8k 22k
-
.033 0.22
ffrr 78
22k 1.8k 22k
A B A
.033 0.15 0.33

Westrex

Equalization Filters

BSI 78
Blemlein

No Equalization

1.8k

0.22
A‘E: : | 1.8k B A | B
.18

220pF

(Figure 2) for the medium
you wish to play back and
you're in business. The out-
put volume is adjusted via
the 10K potentiometer.

4N25 Tutorial

| am interested in
b nowing how to use
the 4N25 optoisolator. |
thought I understood how
these things are suppose
to work, but | don't seem
to be having any luck
actually using them in a

1.8k
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circuit. My problem is simple — iso-
late a computer parallel port from a
low-voltage on-off controller (less
than 20 volts).
| found a circuit that connects the
parallel port to pin 1 of the 4N25
through a 100-ohm resistor. Pin 2 of
the 4N25 is grounded. On the other
side of the 4N25, Vcc goes to pin 6,
and pin 4 is grounded through a 1K
resistor. Results: a hot 4N25. Another
circuit (right off a spec. sheet) shows
the Vcc going to pin 5 while pin 6 is
grounded. The output is on pin 4,
which is grounded through a 1K resis-
tor. Results: nothing. Please explain
how to make this work and what is
wrong with the above setups.
James A.Tadlock
via Internet

First, you have to remember
“that the 4N25 is really two, two,
two devices in one. The first device —
the input — is an infrared (IR) LED.
The output device is an NPN transis-
tor — nothing more, nothing less.
And, as an NPN transistor, you have
to treat it as such. The collector (pin
5) has to go to +Vcc and the emitter
(pin 4) has to go to ground.
Somewhere inbetween is a resistor to
limit the current to prevent destruc-
tion of the transistor and develop an
output voltage (Electronics 101).
The current through the transis-

tor's base (pin 6) determines how
much current flows through the col-
lector and emitter. In the case of the
4N25, the base current is determined
by the amount of light produced by
the input LED. In almost every 4N25
circuit, pin 6 should not be connected
to anything — listen, not anything
(i.e., left dangling). The base current
is exclusively controlled by the inten-
sity of the light falling on the photo-
sensitive NPN transistor. On the LED
side, pin 1 has to go to +Vcc and pin
2 has to go to ground. Again, a cur-
rent-limiting resistor has to be placed
in series with the LED so that it does-
n't burn up (Electronics 101).

Now, back to your question about
interfacing the 4N25 to a PC parallel
port. Refer to Figure 3. Starting on the
port side, it connects to the LED. For
the sake of argument, let's pick pin 1
as the signal line and pin 25 as ground
(GND). The LED is wired so that the
anode (pin 1) goes to the signal line
and the cathode (pin 2) goes to GND
(don't forget the current limiting resis-
tor). The NPN transistor is wired so
that the collector (pin 5) goes to Vcc
(less than 30 volts) and the emitter is
grounded through a 1K resistor.

When pin 1 goes high, it will light
the LED and turn on the transistor
which, in turn, produces a voltage
across the 1K resistor. The amount of
voltage depends on the current

%
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through the LED. Most of today's
4N25s have a 100% transfer ratio.
That means, 10 mA through the LED
will allow the transistor to conduct 10
mA. But here you have to be careful,
because some older 4N25s only have
a 25% transfer efficiency ratio (10 mA
in equals 4 mA out). Another gotcha
is the output current of the parallel
port. Most are spec'ed at 5 mA per
pin, but that can vary between 4 mA
and 10 mA, depending on the driver
chip the PC uses. The values in
Figure 3 are designed for 5 mA in and
5 volts across the output resistor with
a Vcc of 10 volts.

As to why your circuits didn't
work, in the first example you were
running a lot of current through the
base of the transistor, causing it to heat
up. In the second, where you grounded
the base per the datasheet, this is a
test configuration the factory uses to
measure leakage current through the
transistor, and isn't a working design.

Order online at:
www.melabs.com

LAB-X Experimenter Boards

Assembled hardware platforms
for development. Each has RS-
232 serial port, clock oscillator,
power supply, plus other
hardware. ICSP connection
allows you to make program
changes without removing the
MCU. Bare PCBs available.

LAB-X1 for 40-pin MCU (shown) Assm: $199.95, Bare: $49.95
LAB-X2 for 28 or 40-pin MCU ~ Assm: $69.95, Bare: $24.95
LAB-X3 for 18-pin MCU Assm: $119.95, Bare: $24.95
LAB-X4 for 8 or 14-pin MCU Assm: $124.95, Bare: $24.95

PicBasic Compiler
PicBasic converts your BASIC programs
into files that can be programmed
directly into a PICmicro MCU. Make
use of the Iatest microcontroller
technology without learning C or
Assembler. Compatible with DOS and
Windows 9x/ME/2KIXP

PicBasic Compiler
PicBasic Pro Compiler

$99.95
$249.95

Deve

Programming PIC
Iicrocontrollers With
=  PirBasic

EPIC Programmer - $59.95
i 113

Low cost programmer for PIC12Cxxx,
12CExx, 12Fox, 14Cxxx, 16C505,
55x, 6xx, 7xx, 84, 9xx, 16CE62x,
16F0x, 17C7xx, 18Cxx, and 18Fxxx
microcontrollers. Can be used for
In-Circuit programming. Connects
to parallel port. Soffware included
for DOS and Windows 9x/ME/2K/XP.

EPIC Assembled $59.95
EPIC Bare PCB $34.95
40/28 pin ZIF Adapter $34.95
AC Adapfer $9.95
EPIC Bundle $99.95

(bundle includes EPIC, AC Adapter,
25-pin Cable, and 40/28 pin ZIF]

micro S ngineering abs She.
lopment Tools for PICmicro MCUs

Programming PIC Microcontrollers with PicBasic
Experimenting with the PicBasic Pro Compiler

PIC Basic - An Introduction

PIC Microcontroller Project Book

M Easy Microcontroln

Time'n and Counfn

Microcontrol'n Apps - PIC MCU Application Guide
Serial Communications Using PIC Microcontrollers

PICProto3 for 28-pin PICmicro MCUs (3" x 3")
PICProto4 for 8-pin or 14-pin (1.5" x 3")
PICProto8 for 8-pin (1.2" x 2")

PICProto18 for 18-pin (1.5" x 3")

PICProto18L for 18-pin (3.6" x 4.1%)
PICProto64 for 40-pin (3.6" x 4.1")
PICProtoUSB for 28-pin or 40-pin (3.6" x 4.1")
PICProto80 for 64 or 80-pin TQFP (3.6" x 4.1")
PICProto80 with pre-soldered PIC18F8720

PICProto protofyping boards are designed to help you get your PICmicro
projects finished faster, with less effort. There is a high-quality blank PICProto
board for almost every PICmicro microcontroller. Each double-sided board has
a solder mask on both sides and hundreds of plated-through holes for your partfs.

Phone: (719) 520-5323
Fax: (719) 520-1867
Box 60039
Colorado Springs, CO 80960

Books on PicBasic and PICmicro MCUs

$49.95
$39.95
$34.95
$29.95
$29.95
$34.95
$44.95
$49.95

PICProto Prototype Boards

$14.95
$9.95
$8.95
$9.95
$19.95
$16.95
$19.95
$19.95
$60.00
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Turn Out the Light,
Please

| have an older car and would
"¢ like to be able to have the dome
light stay on for 5 to 10 seconds after
the door is closed. Can you show me
a circuit that [ can possibly build into
the dome light for this?

C. Ritchie
Elk Mound, WI

. When you say older car, | have to
“Bassume that the light is hard-wired
to +12 volts and that the door switch
breaks the ground connection. This is
the common wiring configuration for
virtually all models before 1980, where
the dome light is grounded when the
door is open. If this is the case, then
the circuit in Figure 4 is the solution.
In this circuit, capacitor C1 is ini-
tially charged when the light turns on
— that is, grounded. Notice that the
relay contacts are across the door
switch. You do this by attaching one
relay contact to the ground side of

the dome light bulb and the other to
any metal part of the car frame (eas-
ily accessible at the roof, just don't
drill holes through the roof!). When
the door is closed, and the door
switch opens, the relay maintains the
ground connection as C1 discharges
through the 15K resistor. When the
current through the relay falls below
its hold current, it drops out; the light
goes out and the timer stops, drawing
no further current from the battery.

Adjusting the capacitance value
of C1 will lengthen or lessen the relay
drop-out delay time. Because you
want to place all the electronics in
the dome assembly, | suggest using
a reed relay like the RadioShack 275-
233, in which case the diode across
the relay isn't needed.

555 Tutorial

You had several good circuits in
" the Sept. 2003 issue, but one
that specifically caught my eye was
"At A Crossing." As an experiment, |
built the "LED Flasher" (Figure 2).
When | replaced the 220K resister
with 1 Meg, and the 1 UF capacitor
with 10 uF, I was really happy with the
timing. My problem is that what I real-
ly need is the ability to vary the duty
cycle of the LEDs (shorten one and
lengthen the other). Ideally, I'd like to
go from 0% to 100%, however, some-
thing like 10% to 90% would do just
fine. I've begun to believe that a 555
may be designed specifically for 50%,
and therefore, not be good for this.
Calvin Hirmke

via Internet

Inside The 555 Timer V§C
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7. . Actually, the duty cycle of the
“9555 is determined by the ratio
between the two timing resistors, R1
and R2 (Figure 5). Inside the 555 is a
level-triggered flip-flop. That is, when
the voltage across C1 exceeds 2/3 of
Vec, the output (pin 3) goes high and
when the voltage across C1 drops
below 1/3 of Vcc, it goes low. The
charge path is the combined resist-
ance of R1 and R2 — the discharge
path is an NPN transistor inside the
555 (pin 7) only through R2. When
the value of R2 exceeds R1 by more
than 10 to 1, the output is, for all
intents and purposes, a square wave.
Here's a nifty way to experiment
with different duty cycles: Place a
diode across R2. This allows C1 to
charge through R1 and R1 only. The
discharge path is still through R2, but
now the resistors are independent of
each other, which simplifies the
math. Instead of having to juggle five
values, the equation is reduced to:
Duty Cycle = R1/R2. [ suggest using a
germanium diode, like the 1N34A,
instead of a silicon diode to reduce
the timing error caused by the voltage
drop across the diode.

Mix it Up

7% In your Sept. 2003 column, you
< offered a subwoofer filter to Stan
from Florida. May | ask a question
about that schematic? The right and
left channels are summed, each
through a 4.7 puF cap, to a high-
impedance point at one end of the
220K resistor. Won't this compromise
the separation between the two chan-
nels? Couldn't this loss of separation
be avoided by running each channel
through a separate series 4.7 UF cap
and 220K resistor and summing
them at the zero-impedance point at
the inverting input of the LF353?
Mike Byrnes
via Internet

# . This is a common question,
4#%and a common misconception
about signals that need to be mixed.
In my design, the right and left sig-
nals are driven by two strong low-
impedance sources (the aux out-
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puts), so there is no possibility of the
two feeding back through these out-
puts. On the other hand, this would not
be the case if | were trying to design an
audio mixer panel with four high-imped-
ance sources (like a microphone)
where one input could create crosstalk
on the other. The "back-path" mixing of
these signals would be disastrous. So
what to do?

If you want a mixing of signals,
usually at the same volume level,
then use the simplest mixer (a.k.a.,
caps), like I did. If you want to have
complete control over the volume of
each and every input without it affect-
ing adjacent channels, a buffer is
required. Simple, huh? No? Maybe
this diagram (Figure 6) will help.

Earth Ground —
Revisited

{ "%, | was just reading your "Earth
¢ Ground" answer in the July 2003
issue, and near the end of your first
paragraph, you say "it's important to
know the resistance of the soil and
treat it with chemicals if the resistance
is too low." Didn't you really mean too
high? | have never seen anyone desire

a high ground resistance.
Tom B. Jones, IIl CPBE CBNT
Montgomery, AL

4\ Regarding the "Earth Ground

W Tester" in the Jul. 2003 issue,

what chemical do I use if the resist-

ance of the ground is too low? And
how do I know if it's too low?

Bob E.

via Internet

. . Alright, already. | confess that I
“%made a typo error while editing
my own writing (who doesn't?) So let
me set the record straight. You actual-
ly want the lowest ground resistance
possible. While values of 10 ohms or
less are standard practice in commer-
cial codes and long haul communica-
tions systems, the recommended
IEEE practice is to provide a resist-
ance of less than 25 ohms for any
earth ground electrode. A ground
electrode normally consists of a metal
rod (typically copper or steel) driven

NOVEMBER 2003

into the ground; the length of the rod
is usually in the 6 to 10 foot range.

However, local soil conditions will
affect this target figure. In some
regions, a resistance of 10 ohms or
lower is easily obtained using a three
foot rod, while in other regions, it may
be difficult to bring the resistance of a
driven ground under 100 ohms. The
first urge is to drive the rod deeper
into the earth, but beyond 10 feet, the
change in resistance becomes negligi-
ble. For example, to reduce the resist-
ance of a 10-foot rod to half its value
requires extending that rod to 100 feet
in the same soil. A better solution is to
increase the number of ground rods.

A ground rod creates an interfac-
ing hemisphere in the earth surround-
ing it. The diameter of that hemi-
sphere is approximately 2.2 times the
length of the rod. When more than
one rod is required, they should be
spaced no closer than 2.2 times the
length of that rod in any direction. If
multiple rods are driven too close
together, the rods don't have a com-
plete interfacing hemisphere, and the
effectiveness of those additional rods
are reduced proportionately. To illus-
trate, consider Figure 7. If we assume
that one 10-foot rod provides a resist-
ance to earth of 100 ohms, then 10
rods spaced five feet apart reduces
the resistance to about 28 ohms. At
10-foot intervals, it's about 18 ohms,
and at 22-foot separation (2.2 times
their length), it's down to only eight
ohms. Notice that there are the same
number of rods, but with considerably
lower resistance when they are proper-
ly spaced. Peppering of the property
with new rods is okay, as long as you
follow the 2.2 rule.

But even this solution has its lim-
itations. An obvious limit is reached
when you run out of

acreage for extra rods. To reduce the
ground resistance, either more land is
required or the resistivity of the avail-
able soil must be lowered. Soil resistiv-
ity can be lowered through chemical
treatment, like copper sulfate or sodi-
um carbonate. The type of chemical
and amount depends on the soil,
which changes from place to place.
Check with your local environmental
laws for details on approved soil condi-
tioners for your area.

A 555 Reader Quiz

I'm looking for a countdown
_timer circuit that, when a start
button is pushed, will blink an LED
on/off every second for 10 seconds. |
also need a manual reset. Do you
have a simple circuit for this?
C. Ritchie
Elk Mound, WI

Cool Web Sites!

Wireless networking is becoming increasing-
ly important to businesses and home users.
Confused by terms like Wi-Fi, Ethernet, or

Bluetooth? For answers, check out the
following.

Wireless networking FAQ
www.vicomsoft.com/knowledge/reference
/wireless1.html

Wireless communications chart
www.homenethelp.com/802.11b/index.asp

Ethernet tutorial
http://chipcenter.com/circuitcellar/march02
/c0302ts1.htm

Wi-Fi (802.1 Ib) tutorial
www.homenethelp.com/802.11b/index.asp

Bluetooth FAQ
www.palowireless.com/infotooth/

ZigBee — the new kid on the block
www.chipcenter.com/knowledge_centers
/wireless/product_review/showArticle
.jhtmi?articlelD=13100643
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REMOTE CONTROL

Call Toll Free 866-345-3667

LEMOS

INTERNATIONAL

Electronic Manufacturers Representatives
RF & Microwave Specialists

www.lemosint.com

9XC|te :

900 VMIHz Transceiver

Low-cost wireless

for device-to-device

networking

Order our latest technology today,
(development kit only $199)

f S Aw
MaxStream. \\7

www.maxstream.net toll-free 866-765-9885

FCC-Approved
Long Range
Low Power

. . I'm surprised at how versatile the 555 chip really is. It
“Uhas solved more than a few sticky problems. Again,
this is a not-so-unique case. Remember, the 555 can be
configured as a monostable (one shot) or astable (free run-
ning) oscillator. What we need here is a monostable circuit,
with a 10 second time-out, and an astable oscillator run-
ning at 2 Hz. If you haven't already figured it out for your-
self (yes, this is kind of a quiz for those readers who think
they know the 555), then here is the answer (Figure 8).

The trick to this circuit is the Reset input (pin 4). When
it's high, the astable oscillator oscillates; when it's low, it
stops. The output (pin 3) of the monostable multivibrator
determines how long the astable stage is allowed to run by
pulling the Reset pin high for a time determined by C1. C2
establishes the flash rate of the LED.

Now a question for you, dear reader. How would you
simplify this design even more? Being able to easily vary
both time periods individually is a plus. PIC and
StampBasic solutions will be considered, but only if there's
ease of operation and the code is tight. | will print the win-
ning entries in an upcoming column.

MAILBAG

Dear TJ,

Maybe the third time's the charm, but the schematic
on page 38 for "The Winner Is" circuits needs the diodes
reversed. As Brad Lieffring pointed out in his letter (Sep.
2003, page 39), diodes will prevent multiple lights when
the winner's switch is held down. But with the diodes as
shown, no one will ever be able to "win."

Joe Turner
via Internet

Dear TJ,

Kudos for your very informative answers to our elec-
tronics problems — a must-read section for me. After por-
ing over the Gameshow Buzzer diagram, though, I fail to
see how adding diodes would solve the backflow current
which does occur when a contestant holds the button
down. The attached circuit (Figure 9) is my humble offer-
ing that uses SCRs and only one relay. The SCR performs
the necessary latching action and turns on the relay there-
by turning off all the contestant’s push buttons and turning
on the buzzer and the winner's light.

James Drake
San Francisco, CA

RELAY 6V SPDT
LAMPS 6V

BUZZER 17V

CHOOSE R TO OBTAIN 6V AT SCR

Bt - %

GAMESHOW BUZZER [ar-OITNY
l' =

Circle #112 on the Reader Service Card.
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ELECTRONICS
1355 Shoreway Road, Belmont, CA 94002-4100

' Open Frame Power Supplies

Jameco offers a wide selection of open-frame
| power supplies suitable for production,
§ prototype and design environments. Be sure
to check out our selection of Artesyn, Mean

! Well and dozens of other brands with universal input, PFC

i and other features you need on our web site today!

ARTES

a

Mifr. Cross Output Rating
Manufacturer  |Reference No. (Voltage@Current)

Jameco
Part No.

Price

Skynet SNP-0502-B +5V@0-2A

184866MC

E |Artesyn NLP25-7608 | +5V@0.2-2A; +12V@0.1-0.8A;
- S -12V@0-0.1A
| |Mean Well PS-65-24 +24V@0-2.7A

218501MC

148646MC.

$13.49

39.95

33.95

Closed Frame
Power Supplies Bl

Jameco offers hundreds of closed frame .
supplies from the names you trust, all priced to
help you save! Call for a FREE catalog and learn
more about our selection featuring low-leakage
medical supplies, power factor correction,
universal input and much more.

123246MC

Mir. Cross Output Rating Input Jameco
Mir. Reference No. | (Volts@Current) (VAC@Hz) Part No.

| |Artesyn NLP150L-9605366 +3.3V@0.5+10A;
‘ +5.1V@1.5-2.0A;
+12V@0-2A;+12V@0-0.65A

219029MC

116.85

 |Digital Power  |USS250-115 | +15V@0-16.5A

204564MC

Mean Well [S-25-5 | +5V@0-5A |  85-264@47-63 | 123246MC
Mean Well | S-60-24 +24V@0-2.5A 85-264@47-63 | 123351MC
Mean Well | 5-150-24 “+24V@0-6.5A | 88-132/176-264@47-63 | 123449MC

Mean Well | SP-300-24 +24V@0-12.5A 88-264@47-63 137402MC

Power-One | PFC-500-1024 | +24V@0.6-21A 85-264@47-63 202905MC

. Wall Transformers

. We offer a complete selection of AC-to-AC
and AC-to-DC wall transformers for general
purpose and production applications.

Most are UL approved and available
with various power plugs.

Be sure to visit our web site ’
and learn more.

Table-Top Transformers

Outfit your product with a professional table-top
transformer. Jameco offers a wide variety

of configurations with regulated and
unregulated outputs. Don’t forget to ask

for a FREE catalog and learn about our

selection of domestic and international

input power cords.

Mfr. Cross Output Rating | Size (+0%-20%) Agency
Reference No. (Volts@Current) H* x W" x D" Approvals

Jameco
Part No.

Mir. Cross Power| Output Rating Input Size (+0%-20%) | Jameco
Reference No. | (W) | (Volts@Current) (VAC@Hz) H*xW"xD" | Part No.

DC1205F12 +12@500mA 25x19x1.6 UL/CSA

102496MC

SC102TA1200 B02 | +12@1500mA | 2.9x20x26 UL/CUL

210809MC

| |DCR1205F12 +12@500mA | 3.2x2.2x19 3
§ |DC1205F5 ~+12@500mA | 2.5x2.1x1.7 UUCSA ;
b [41-2-15 +12@300mA | 2.9x2.0x1.6 | UL/CSA

| 162996MC |
_102277MC

190043MC

|SPUS50-6 +24@25A _|100-240047-63| 5.6 x 2.9 x 1.6 161605MC
P40A-3P2JU | 40 100-240@50-60| 5.5 x 2.3 x 1.5 | 155213MC

SPUS0-3 | 60 | +12@5.0A |100-240@47-63] 5.6 x 2.9 x 1.5 | 155230MC

KWN12F-P2MU +12@1.5A [100-240@47-63| 4.0 x 1.9 x 1.5 216531MC
PA0A6P2J +24@1.66A |100-240@50-60 | 4.1 x 2.6 x 1.4 | 181884MC

| Low-Noise Fans

| Jameco offers hundreds of low-noise fans at

| outstanding prices. These agency-approved low-profile
fans feature ball or sleeve bearings so you can be
assured your system will be

¢ running cool for years to come.
Get more details by asking

\ for a FREE catalog today. { We also stock CPU fans.

102955MC

Visit our web site for a
complete listing.

DC-to-DC Converters

Jameco now offers a wide selection of Isolated
and Point-of-Load DC-to-DC converters
suitable for distributed power architectures.
Avoid the hassles of “large company”
distribution channels and get immediate
delivery from Jameco today!

Mir. Cross Power| Output Rating Jameco
Mir. Reference No. (W) | (Volts@Current) | Input Range | Part No.

Mir. Cross Voitage | Air Flow | Noise Size
Mir. Reference No. (VvDC) | (CFM) | (dBA) H* x W" x D"

Jameco
Part No.

Sunon | KD1208PTB1-6 | 12 425 |3353.15x3.15x1.00 |
NMB 3110KL-04W-B10 315x315x 1 00
§ [Sunon | KD1204PFB2-8 12 e 2 [ 1.60 x 1.60 x 0.40

102955MC |

131748MC

161699MC

Mean Well | SCWO03A-05 3.0 | +5V@600mA 9-18V 213268MC
Mean Well | SD-25A-24 264 | +24@1100mA 9-18V 175812MC |

8 |Sunon | KDO504PFB2-8 5 5.5 1.60 x 1.60 x 0.40

Sunon | KD1212PMB1-6A| 12 | 108 | 42 | 4.68x4.68x1.50

_94625MC
196373MC

Artesyn | SILO6C-! OSSADJ V|200| +0.9-3.3v@6 45-55V | 219150MC

Astec AAS090A 21.0 | +5.1V@3750mA; 0-20V 109276MC

+12.6V@100mA;
-26V@40mA

|Mean Well | SKE15A-05 150 | +5V@3000mA | 9-18V 155715MC |

Place your order today and mention VIP NV4

1.800.831.4242 or www.Jameco.com/NV4

Circle #42 on the Reader Service Card.
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Micro Memori

S

Ed Driscoll

ooking back, 1979 was a
watershed year for online serv-
- ices: CompuServe opened up
to the general public, and so did The
Source, its chief early rival for nation-
al online PC services (and eventually
acquired by CompuServe in 1989).
And the first local BBS (computer-
ized bulletin board system) went
online that year in Chicago, IL. While
a few BBSs have survived by con-
verting to Internet sites, The Source
is long forgotten. Only the
CompuServe name exists today, as a
pale, America Online-owned shadow
of its former self. But it played an
important role in offering millions
their first glimpse of online services
available through their personal
computers.

Putting a PDP-10
to Work

CompusServe's history begins 10
years prior to 1979, though.
Curiously enough, it began the same
year Arpanet (the Internet's prede-
cessor) first went online
(CompuServe's history — and fate —
would of course, be intertwined with
the Internet). An Ohio-based life
insurance holding company named
Golden United Life Insurance Co.
purchased a million dollar Digital
Equipment Corporation 36-bit PDP-
10 mainframe to crunch their num-
bers and process their data. The
company was run by a gentleman
named Harry K. Gard. His son-in-law,
Jeffrey Wilkins, and Wilkins' grad
school classmate John Goltz, con-
vinced Gard to sell excess comput-
ing time on the mainframe to other
companies. This service was first
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When 1.77 MHz was fast —
a Model | TRS-80.

dubbed “Compu-Serv,” and began
operations in October of 1969.

Back in the late 1960s and early
1970s, this was a fairly common
practice, as computer users at cor-
porations and universities would fre-
quently dial in and timeshare main-
frames at night. It put the main-
frames to work during off hours,
when the companies otherwise
wouldn't be using their expensive
investments.  This is  where
CompuServe, as we know it today,
really began.

During the 1970s, “Compu-Serv”
expanded their services to business
users, and by 1972, had over 400
accounts across the country.

The ever stylish PDP-10.

Simultaneously, the first person-
al computers were being built, initial-
ly by hobbyists and later as fully
assembled units by  MITS,
RadioShack, Apple, Commodore,
and others. Eventually, dial-up
modems were offered as accessories
for those PCs, and services such as
CompusServe and The Source, along
with regional bulletin boards, began
to spring up as destinations for
Jurassic surfers.

MicroNET:
CompuServe Meets
the PC

In 1977, the name was officially
changed to CompuServe
Incorporated, and on July 1, 1979,
CompuServe was ready to begin
offering service to computer hobby-
ists, initially under the name
MicroNET. Prior to its rolling out in
July, MicroNET had been beta-tested
for two months among the members
of the Midwest Affiliation of
Computer Clubs (sources vary as to
how many members were involved in
this test, ranging from 100 to as
many as 1,200). The first services
MicroNET offered online included
message boards, databases, games,
and Email. Shortly after MicroNET
was offered to the general public, an
Apple Il special interest group
opened, dubbed “MAUG,” for
“MicroNetted Apple User Group.”

In 1980, with less than 2,000
consumers as members,
CompuServe was sold to HGR Block
for $22 million, who would quickly
return to the original CompuServe
trade name to promote their nascent
online service. HGR Block seemed
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like a fairly logical successor to
Golden United Life Insurance Co., and
it was somehow appropriate that a
button-down accounting firm would
purchase a business started by an
equally staid life insurance company.

A Snapshot of
CIS in 1981

| belonged to CompuServe for a
few months in 1981, when a trial offer
came with the software for the 300-
baud modem | purchased for my
TRS-80. | don't recall much, except
that I do remember CompuServe's
sprawling version of the text-based
Adventure game, and a few of the
early forums, which in those days,
were called SIGS, for special interest
groups. As early as 1981, as the first
Space Shuttle launches began, there
was a NASA SIG. And of course,
there was a TRS-80 SIG, along with
the aforementioned Apple II, and
groups for other computer users.

Capitalizing on the CB radio fad
that had peaked just a few years ear-
lier, there was an online chat section,
which CompuServe wisely dubbed
CB — thus, making CompuServe irre-
sistible to anybody who had been
involved in CB radio (as | had been).
While it no longer is called CB, to this
day, typing “GO CB” into
CompusServe's GUI will take you into
their chat sections. (Sadly, “GO
ADVENTURE” simply 404s.)

CompuServe didn't go flat rate
until October of 1997, shortly after
AOL announced its plans to acquire it,
and a full year after AOL announced
their “all you can eat” monthly plan.
But in the early 1980s, CompuServe
charged by the hour and that time
added up very, very quickly spending
an evening chatting in CB. So for
many, it was a taste of the future —
and an expensive one, when the Visa
bill arrived at the end of the month.

HSX Adds Sex to
CompusServe

Despite their staid reputation,
H&R Block took a fairly laissez-faire

NOVEMBER 2003

style when it came to allowing its
CompuServe division to create its
online content. Besides the technolo-
gy-oriented SIGs, and online chat and
games, CompuServe opened up one
of the first online sexuality sites in
1983. It was founded by the husband
and wife team of Howard and Martha
Lewis, who previously had written
several books on sex, health, and self-
improvement therapy. Lewis had
heard that CIS was looking for addi-
tional forum owners. He contacted
CIS, explained his background, and a
representative of CIS told him that
they were looking to add either a gen-
eral health or sexuality forum to the
service, and that Lewis seemed to be
qualified to run both. Lewis picked
the latter, and shortly thereafter, HSX
was born (and exists to this day — just
type “GO HSX” into CIS's GdI).

CIS in the
Go-Go 1980s

Still, despite the high initial costs
for early adopters, by 1982, H&R
Block was riding the explosive sales
growth of the first personal comput-
ers, and grew CompuServe into a
major player in online services in the
dsS. Four years later, it entered the
international arena, with an arrange-
ment to develop a Japanese lan-
guage version. In 1989, CIS expand-
ed into Europe, where it developed a
considerable hold on online users —
particularly in Great Britain and

CrmpuSenc S8, U.S. Alvman Charged With Spying

Setemver 23 fOT 2] QAOAR Rosd More..

The CompuServe website as
it looks today.

A

JUNGLE
ROBOT

alking Kit
$19.95 USD

“Go Ape Wild”

over our new “Award Wmmng
robotic kit. Excellent beginner
series exercise. Assemble with
basic hand tools. Climbing &
walking actions & sound sensor
activation. Pre-assembled printed
circuit board. Ages 10 & up.

'ogr
$119.95 USD
“WOW is rigk
generation of
WAO Kranius is a 2-wheeled
robot that can be programmed
without a separate personal
computer. 4 floor light sensors
and 2 infrared LEDs gives WAO
the vision & can be programmed
up to 60 steps & 30 FOR-NEXT
multiplex loops. Ages 10 & up.

RoBOTIKITS

DIRECT

17141 Kingsview Ave. Carson, CA 90746 USA
Various Skill Levels. Call Toll Free.

877-515-6652

www.robotikitsdirect.com
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“~—applecl

Before the iMac — an Apple II.

Germany. At its peak in the early
1990s, the number of CIS worldwide
users was approximately eight
million.

The 1990s:
The End of the Line

CompuServe was eventually
sold to AOL in 1998 for $1.2 billion,
not too shabby a return on H&R
Block's original investment. AOL has

attempted to maintain CIS as a dis-
tinctive brand name, and initially
marketed it as an alternative for
small business owners and entrepre-
neurs looking to avoid the hijinks
and cutting up over at AOL.

But, like Rome, the rot occurred
from within — because CIS waited so
long to go to a flat rate service, they
lost millions of subscribers in the
mid-1990s to AOL and even less
expensive services. Today, CIS's
membership numbers about two mil-
lion or less, compared to AOL's
claimed base of over 30 million
members.

The shrinkage of CIS's member
base continues to this day, as more
and more realize that the $24.95 a
month fees to belong to CIS's dial-up
connection pales next to the wealth
of free Internet sites available via
a $49.95 cable modem or DSL
connection.

But the pioneering spadework

An acoustic coupler modem.

that CompuServe provided in the
late '70s through the early '90s was
invaluable-and provided millions with
their first glimpse of the online world.

The Combuter His

www.computerhistory.org

Surplus Sales of Nebraska

486 DX4 100 MHz processor, 8 MB RAM, ATA slot for 2-Type | or
IIPCMCIA or 1- Type lll card. Interfaces: Keyboard, Parallel, VGA,
RS-232C, IrDA, System Interface Port, External Floppy Drive,

i1 Mouse Newinthe box, one lasttime. Thisis bare bones! NO extras,
’--j battery, pen, OS software... nothing. 7.2"x10.7"x 1.5". 2+ pounds.

FMW2430M Transmissive Monochrome

FMW2430S DSTN Color
FMW-PS

Fujitsu

Optional 16V 1.56 Adc Power Supply § 18

. 1
: Tr|pp Lite Outlet Strlpx&

16 Outlets on 2.717" centers ELE-PS4816 $22
15 amp circuit breaker

Lighted power switch with locking transparent cover

© 48" long mountable sturdy aluminum housing with 15' cord

$ 99
$149

SW Data 19" x 82" Server Rack

e 77" Internal height (44 units)
© Removable side panels
® Louvered, ventilated, locking front/ rear doors

ENC-100274SC $350

Fully adjustable 10-32 tapped rails front and rear

NUTs & Vours

Stylistic 1000 Pen Computers

® Super Heavy Duty - Seismic Zone 4 Rated - Gray Cabinet

¢ T-Bar 48PDT Latching Relays | \ Please visit our website with over 2000 pages and 10,000 images
@ www. surplussales com
5 e oo

= High Volta
ver 1 V. mT |

: & Two 12 Vdc coils can be wired in series (24 Vdc) or
parallel (12 Vdc). Gold / Palladium contacts for hlghest
reliability. Power is not required to hold relay during Iong
periods in one position. 2-3/8"x 1" x 3-9/16" high. $150 |

Anode Cabl

High Intensity La Il

— == Litz Wires, Served And Unserved

‘{W Ceramic Feedthrus and Standoffs

|
|
i i
Tr nsf . Sealed, Open Frame,

Variable Capacitors, Air - Mica - Vacuum \ Audlo SWItchlng Pulse, High Voltage

1502 Jones Street, Omaha, NE 68102 ¢ Fax: 402-34&2939 ¢ e-mail: grinnell@surplussales.com
8- ) Visa, MasterCard, American Express or Discover ¢ Call or e-mail for shipping and total charges
Visit our website @ All SPECIALS In This AD good only for 30 day advertising cycle. No exceptions please.

www.surplussales.com 800-244-4567 « 402-346-4750
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@ Collins Parts For Amateur And Military

E Sanyo Denki 108 CFM Fan
@ Kapton, Fiberglass and Mylar Tapes

Great light weight (9.4 oz. aluminum body) fan oper-
ates on 24 Vdc at 250 mA. Ball bearings. 4-11/16"
square x 1-1/2". Quite 39 dBA. Made inJapan. $10

Heatsinks, All Sizes And Shapes,
Large Quantities For Manufacturers

_a__s__&_BloMlg Over 100,000 In
Stock: Muffin - Squirrel - Spiral

Ceramic Transmitting Capacitors Of All

Sizes: Doorknobs-Feedthru-Water Cooled

* Tohtsu Coaxial RF Relays

Min / Max Thermometer

8\ -40°F to 180°F. Analog device with a memory.

8 Mercury free thermometer has adjustable set points
on either side of the main indicator. As the temp
increases or decreases the set point is pulled along
and remains until you observe and reset. 3" dia. $10

% Variable Transmitting Inductors

%
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Forget about fruitcake and soap-on-a-rope.
What you and your friend need are BIGGER brains!

Our special holiday offer lands you 2 one-year
subscriptions to Nuts & Volts for just $30!

Send a friend or loved one a special gift this holiday season when you buy or renew your own
subscription — get 2 One-Year Subscriptions to Nuts & Volts for only $30! (US only).
Save 40% off the regular subscription rate for each sub!

MORE GIFTS? Put additional names on a separate sheet and mail in an
envelope along with payment of only $15 each!

Order by phone (800) 783-4624 Online www.nutsvolts.com Fax (909) 371-3052 |
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NEW ROBUST GEAR MOTORS

= SOlarbotics
e now offers
» an assort-
ment of
inexpensive,
robust gear
motors ideal for
robot actuation and loco-
motion purposes. Most are available in either 90 degree or
offset/inline shaft configurations, with integrated over-
torque safety clutches.
The GM2 and GM3 offer a 224:1 gear reduction, with
50 in-oz stall torque, 38 RPM free running speed at five
volts from an RA-130 style motor, and optional wheels or
1 mounting hubs.
|

The GM8 and GM9 are similar in design to the GM2
and GM3, but with a 143:1 reduction, 43 in-oz torque, 70
RPM at five volts, and also accommodate the optional
wheels.

The GM6 and GM7 are miniature versions of the GM2
and GM3, with a 120:1 reduction, 20 in-oz torque, and 145
RPM at five volts, with a splined steel output shaft.

The latest GM10 gear motor is a tiny one inch long
pager motor powered unit with an 81:1 reduction, 1.2 in-
oz torque, 375 RPM at five volts, and an easily-removed
self-centering spring mechanism.

Visit Solarbotics’ website for full specifications. OEM,
wholesale, and retail interest are all welcome.

[ For more information, contact:

SOLARBOTICS LTD.
|79 Harvest Glen Way NE
Calgary AB, Canada T3K 4J4
866-276-2687 Fax: 403-226-3741
Web: www.solarbotics.com

Circle #107 on the Reader Service Card.

WEB-ENABLING APPMOD FOR
BASIC STAMPS

edpoint Controls™ of |
organtown, WV has [
released the Redi™ Basic .
Stamp Web Server to =
make Ethernet connectiv
ity a reality for Parallax,
Inc., BASIC Stamp users.
Based on Redpoint's Red-i =
embedded Ethernet core, § :
the Web Server is capable of S
hosting up to 100 Kbytes of
web files and enables BASIC Stamps to update
web pages and receive HTML form data through simple

36
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serial commands. The Web Server also enables Stamps
to send SMTP Email messages, and implements UDP
protocol for point-to-point communication with other Red-
i Ethernet-enabled Stamps. Combined with other acces-
sories from Parallax, applications include web-enabled
home automation, high-powered industrial control, and
interactive robotics. The Red-i BASIC Stamp Web Server
is designed on the AppMod format for easy integration
into any Stamp project.

The Red-i BASIC Stamp Web Server is available
exclusively from Parallax and Parallax Authorized
Distributors (www.parallax.com; 888-512-1024).

For more information, contact:

REDPOINT CONTROLS, INC.
866-473-3764
Web: www.redpointcontrols.com

Circle #140 on the Reader Service Card.

HP-3 MASTER DEVELOPMENT
SYSTEM SPEEDS WIRELESS
INTEGRATION

The MDEV-HP3-xxx Wireless Development System
contains all the tools necessary to fully explore the
capabilities of Linx’s new high-performance, multi-chan-
nel Hp-3 Series RF modules. The development system is
designed to assist in the rapid evaluation and integration
of the HP-3 modules, which allow for the cost-effective
wireless transfer of serial data or audio/analog content
over distances of up to 1,000 feet. The master develop-
ment boards feature encoder/decoder ICs with audible
and relay-switched outputs for range testing, an RS-232 or
USB interface for protocol development, demonstration
software, and a generous on-board prototyping area with
breakout headers and a regulated power supply. The mas-
ter devolpment kit includes four HP modules, two pre-
assembled development boards, two antennas, batteries,
software CD, and complete documentation. The develop-
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‘ ment system is available from stock and priced at $299.00
l (RS-232 version) or $324.00 (USB version).
| For more information, contact:

with data hold, tach, and dwell measuring facilities

for 3, 4, 5, 6, and 8 cylinder engines, DCV, DCA,

resistance, temperature, diode, and continuity test

ranges, as well as heavy-duty test and temperature

LINX TECHNOLOGIES, INC. probes and a heavy-duty cloth carrying case, at a
575 SE Ashley PI. price of only $49.95.

Grants Pass, OR 97526 ‘ All functions and ranges are electrically
541-471-6256 Fax 541-471-6251 | protected to ensure safety. The complete
| Web: www.linxtechnologies.com specification sheet for the new model PRO-88 is

Circle #153 on the Reader Service Card. available for download as a PDF file from the Global
Specialties website.

Also available are downloadable specification
sheets for other new ProtoMeter models, the new,
just released Full Line Product Guide, and the name
of a local Global Specialties sales representative or
stocking distributor.

For more information, contact:

PROTOMETER MODEL
| PRO-88 DIGITAL

| ENGINE ANALYZER

| — MEASURES TACH

| AND DWELL
GLOBAL SPECIALTIES

1486 Highland Ave., Unit 2

lobal Specialties has just intro-
duced a new, low-cost CAT Il
600V rated hand-held engine analyzer.
This special engine analyzer with a
backlit LCD Display comes standard

Cheshire, CT 06410
800-572-1028 Fax 203-272-4330
Email: FMenl22@aol.com
Web: www.globalspecialties.com

Circle #130 on the Reader Service Card.

Blocks
®

Motor Speed
l:omrol

—o & ’:::
PID Motor i bui
Position
Control

& ;

EIRTTTRTI 'mmmm e,

Solutions Cubed
Phone 530-891-8045
www.solutions-cubed.com

Circle #152 on the Reader Service Card.
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STRIPLED® CONNECTABLE LED
MODULES ARE THE BUILDING
BLOCKS FOR TODAY'S CUSTOM
LIGHTING APPLICATIONS

EDtronics@
nnounces
StripLEDe
Connectable
LED modules
that make light
work of configur-
ing lighting solu-
tions for channel
and reverse-
channel letter-
ing, signs, displays, under-the-counter, and architectural
applications. StripLEDs eliminate many of the shortcom-
ings of neon or fluorescent lamps such as heat, broken
tubes, and ballast failures. Each StripLED module contains
four super-bright, wide-angle (85°) LEDtronics
SpiderLEDs, one three-inch double-ended connector har-
ness for easy daisy-chain assembly, and a pre-applied strip

placement.

LEDs are wired in parallel and function
independently. If one LED fails, the remaining LEDs
continue to operate. LEDtronics offers StripLED in five
colors: green (525 nm), red (636 nm), yellow (592
nm), blue (470 nm), and white (7000 K). Red and
yellow StripLED modules are 12 volts. White, green and
blue are 14 volts. In addition to channel-letter
applications, StripLED may be used in buildings,
amusement parks, theaters, stairways, emergency exit
pathway lighting, etc.

Solid-state design renders LEDs impervious to
shock, vibration, frequent switching, and environmental
extremes. With an average life span of 100,000-plus
hours (11 years), LED lamps operate more than 20
times longer than the equivalent incandescent lamp.
Savings from reduced maintenance costs and downtime
quickly return the capital investment expenditure. LED
lamps produce almost no heat and require 80%-90% less
operating power than equivalent incandescents, making
them as friendly to the environment as they are to the
operating budget.

Prices for StripLED Connectable LED Modules
range from $2.75-$3.80 each, depending on LED

of 3M® double-sided foam tape for

"peel and stick"

technology and color. Availability is stock, to four to six

Evorything For Electronics
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RESOURCES

UN'IID.

SURVEILLANCE OPTICS ELECTRONICS

ORDERS. 800.810.4070
Tech 65603.668.2499

fax 603.644.7825

WWW.RESUNLTD4U.COM

.

I SERIOUSLY SIZED SERVOMOTOR SLIDE, i
Provides 21"of precise travel. But Wait...There’s More!
Heavy duty, motorized linear slides, on 3/4*diam, Thompson steel rail.
The X axis drive is a substantial 3.4" diam. EG&G servo-motor: ME3515-
191B with EG&G 1000 ppr encoder driving a flex coupled 1/2" pulley
which belt drives a 2.2" diam. pulley which direct drives the 1.5 final
drive pulley which moves the 0.6" wide toothed belt moving the carriage
= The carriage contains a motorized rotary unit with the

goodles is a welded, 3" wide steel channel frame. Overall size is: 45°L x
14.25"W x 8.75"H. Must ship via truck. Removed from optical equipment.

same EG&G servo driving a 5.5 diam. 1/

w 4" thick alum, platier mounted at about |
20° angle to the base. Rotation is via an

anti backlash gearing system directly

= driven by the motor. Supporting all these

XSLIDE....... $199 ea. 2 for $369 )

( NOW, MORE, POWER to SPARE!

\PANA-1228P....$3%ea. or 2 for $59 )

FANTASTIC, 12 VOLT,
HIGH CURRENT
PANASONIC, SEALED,
RECHARGEABLE BATTERIES.

We carefully removed
these, sealed lead
acid batteries from
unused 4 battery
“frays” intended as
pari of a power
backup system. They
are in mint condition.
Regular price of this
battery is over $90ea.Type VA-1233P is your
chance to perk up those heavy duty power
projects. Perfect for powering battle bots,
telescopes and as part of a solar power
system. Even your fish finder, underwater
camera or smaller frolling motor. The list is
endless. Don't be left out of this opportunity.
The size is a manageable 7.75"W x 7.25°H x
5°D, weight is 26 Ibs. Heavy duty, lead post
type connections with 6mm bolt holes. Use
iwo in parallel for 66Ah!
PANA-1233P.....$3%ea. 2 for $59

ALSO AVAILABLE:
PANASONIC 12V@28AH, P/N AC-
X1228P, 6.5"W x 6.9"H x 4.9"D,
weight is 23 lbs.

~

(" SONY EX-VIEW CCD for the best “ASTRONOMICAL"
PERFORMANCE available in an affordable camera!
With 600 Lines Resolution. NEW' 0.00005 Lux,

The most sensitive, uncooled, 1/2" CCD camera available.
Black and white, state of the Art Video, "
Our GMV-EX-6K, Takes the Prize. For
covert, military & scientific applications,
this is it. Unbelievable 0.00005Lux @ pff;
{0.8 performance is enhanced through low e -\"
speed elecironic shuttering, digital frame integration . St 14
and advanced DSP. Auto sensitivity mode starts as it : “
becomes dark. 24 hour surveillance is possible with the
optional 1.2 auto iris lens shown below. Seven Gain/Shutter modes
are user selectable. Normal, X4, X8, X16, X24, X32, X64 X128, Frame rates of 60,
15, 8, 4, 3, 2,1 and 0.5 per second. Auto/off BLC, S/N >52dB, Mirror on/off, Gain on/
off, auto electronic shutter 1/60 to 1/120,000 sec., Alum. housing, dual 1/4x20 mtg.
Specs: 1/2" CCD, 768(H) X 494(V), with 380K pixels, 12VDC +1V@200maA, S-VIDEO
on 4pin DIN connector. Std. video out on BNC, Size: 5Imm x 5Imm x115mm long.
Regulated power supply incl. All functions externally controlied. C-mount lens not
induded. We have the best price available for the 12VIE-EX CAMERA. VERY LIMITED
QUANTITY AVAILABLE. DON'T BE FOOLED by 1/3", NON - EXVIEW, LOOK ALIKES!
(GMV-EX6K...$449 Super, 6mm, 1.2 Manual Iris Lens...$69 )

(HIGH RES. MONITOR SUPER, 1.8, 10x SURVEILLANCE LENS
B&W, Brand new, s New, Vicon, 1Imm fo 110mm ZOOM, st

90 day warranty. Mount. Make any
BNC video in & loop! camera a long
through. Black steel = fﬂnqevf,gw{h-
case. 1000 line res. Youwill be || 5o 0 o
umozgd at hyw much bgner 13" CCD comera

your video will look! 9* Diag.

A super lens. R
lEWMON'9HRm~$79W. price $800 SPECIAI. 11-110ZM.. 319900

( NEW, 2.4GHz ANTENNAS, PERFECT for LONG RANGE VIDEO or WIRELESS LAN APPLICATIONS. FIVE MODELS AVAILABLE, ACHIEVE PERFORMANCE YOU)
THOUGHT IMPOSSIBLEI FIVE MODELS: TWO OUTDOOR PARABOLIC, A RADOME PROTECTED YAGI, 9db OMNI WEATHERPROOF or TABLETOP !

, Choose from the LARGE, 24dB, 10 deg. beam width or the MEDIUM, 20dB, 13 deg. beam width PARABOLIC DISH.
(shown far left} each provides an environmentally sealed “N* fype male termination attached to a 30" long cable.

| Large size is 27" x 30" and weighs 5.3 Ibs, the medium size is 20" x 24" and weighs 3.6 Ibs. Can be either horizontal
L, or vertical polarization. Quasi Log Periodic end fire array feed. Both have a commercial quality, light grey, powder coat
finish. California Amplifier P/N's: 130135 & 130120. Omnidirectional types, one is d

= a "Rubber Duck” style, the surface mount {shown near left) offers a black, 174
wave radiator. The overall size is 3.5°H x 2.7° diam. base. A five foot long
= RG58-AU cable is terminated with a gold, SMA female connector. The 9db

> " omni, Proxim P/N 7014-05, (shown near right) is a ridgid fube, 24°L x 1.6" max. diam.
- Wemherproof Std. 2" pipe mtg. hardware incl. Female TNC connector. Both omnis are black. A UV stable, polycarbonate, radome protects the
13.9dB YAGI, type PC2415N from Cushcraft. {shown far rightl Max. input power is 500 Watts, the 15 element, one piece radiating design is extremely rugged. Size is 26" L, weight is 1 pound. Antenna is

léminmed through a pigtail connector 1o a "N* type female connector. PARABOLIC 24dB..$129, PARABOLIC, 20dB..$99, DESK OMNI..$5eqa, 9db OMNI..$6%eqa, YAGI..$8%ea. )
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weeks for special requirements. StripLEDs carry a one
year limited warranty. For additional information on
how to incorporate StripLED modules into your product
designs, contact:

LEDTRONICS, INC.
23105 Kashiwa Ct.

Torrance, CA 90505
800-579-4875 Fax 310-534-1424
Email: webmaster@ledtronics.com

Web: www.ledtronics.com

Circle #149 on the Reader Service Card.

12.1” XGA
INDUSTRIAL-GRADE
PANEL MOUNT LCD

arth Computer Technologies
has added a 12.1" panel mount
monitor to complement its point of
sale and kiosk LCD monitor line. It
is constructed of a vandal resistant, ultra-thin metal
bezel with a black powder coat finish, and it has a

depth of just over one inch that facilitates easy,

drop-in installation for surface flush mount applica-
tions. The PM-121 has wide viewing angles, vivid
color reproduction, auto scaling, and field replace-
able backlight bulbs. The PM-121 also includes a
power and hard drive LED indicator incorporated
into the bezel — ideal when the PC is remotely
located.

The PM-121RT adds an optional four-wire
industrial-grade resistive touch screen that is
integrated within the bezel and connects to the
serial port, operating via mouse emulation using a
software driver. Impervious to scratches, moisture,
and grease, resistive touch glass is commonly used
in POS systems, as well as operator controls. Street
price for the PM-121 with resistive touch is $529.00
and without touch is $329.00.

For more information, contact:

EARTHLCD
32701 Calle Perfecto
San Juan Capistrano, CA 92675
949-248-2333 ext. 223 Fax 949-248-2392
Email: jennifer@earthicd.com
Web: www.earthicd.com

Circle #117 on the Reader Service Card.
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RS232/RS422/RS485 Converters 1 |

RS232 TO RS485

2 wire
* Makes your RS232 port an
RS485

port
* Supports up to 40 RS485
devices
* Automatically determines
data direction.

CMC'’s low cost converters adapt
any RS232 port for RS422 or RS485
operation. These converters provide * Signal powered version
your RS232 device with all the available
advantages of RS422 or RS485 ADA485 (requires 9VDC) $79.00
includingreliable highspeed operation ADA485-1 for 110VAC 89.00

(up to 200 kbaud) and data ADA485L signal powered 84.00
transmission distances up to 5000 feet.

Two AD422s can be used to extend

any RS232 link up to 5000 feet.
Completely transparent to the system; RS232 TQ RS485
no software changes of any type are 4 wire

 Converts an RS232 port for
use with RS422 or RS485 | ‘
devices ‘

« Supports up to 40 RS485 or
RS422 multidrop devices

* Adds multidrop capability to
RS232 devices

» Automatically determines
data direction.

necessary.

RS232 TO RS422
» Converts bi-directionally
between RS232 and RS422
* Use as a short haul modem
* Plug in and go. No software
changes required

AD422 (Requires 9VDC) $79.00

ADA425 (requires 9VDC) $89.00
AD422-1 for 110VAC 89.00
ADdaal ol onared 84,09 ADA425-1 for 110VAC  98.00 | |
Mention this ad when you order and deduct 5%
Use Visa, Mastercard or company purchase order code

N95
Connecticut microComputer, Inc.

Parls List Soffware

for Engineers and Designers

® Easily create and manage multi-level parts lists for
products in development...and after.

® Track sources for items with multiple price breaks.

® Caiculate product costs at any quantity.

® Launch CAD, viewer or browser from any Item.

® Automatically generate RFQs or POs.

New Version 5.0

= New Report Layout Editor
customizes reports/labels.
= New Connection to

QuickBooks 2002/2003 Pro
simplifies accounting ws
version only).

= New Multi-currency for
foreign suppliers eases |
exchange rate calculations. | &

Parts
™
vendnrs starting at

Visit www.trilogydesign.com $99 + s/h
and download our FREE DEMO. ‘

Or, Call 800-280-5176

For Windows
98/NT/Me/2K/XP
3 Editions,

PO BOX 186, Brookfield,CT 06804 (203)740-9890 7/,4//?\‘9)/ 530-273-1985 Fax 530-477-9106
[
. WWW.2CMC.COM Fax:(203)775-4595 | | DESIG » G DEeliio. Ok Valey, G BUEG
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of difficulty for each |
of these projects,
turn to Fuzzball for
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The scale s from
1-4, with four
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You’ll also find
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in each article on
any special tools
or skills you’ll
need to complete
the project.

Let the
soldering begin!

by Thomas Scarborough

Wind-Up Flashlight

was staying in a
lremote part of the

Fiji Islands, in the
spring of 1994, and
had planned to make it
home on foot by night-
fall. A major storm was
looming, and a local
commented, “Perhaps
it's a hurricane?”

| set out on a track

through the under-
growth — then dark-
ness fell. | pulled a

Crank up these LEDs

small krypton flashlight from my pocket and
switched it on — it quickly faded and died.
Then a truly terrifying storm overtook me, and
[ found myself lost in complete darkness. Thus,
the idea for a wind-up flashlight was born!
Two earlier wind-up flashlight designs of
mine have been published worldwide. However,
unlike the present design, these emphasized
extended use rather than brightness. With the
present design, | aimed for brightness and sim-
plicity. In regards to simplicity, the wind-up
flashlight, on its case, has a single wind-up

knob — nothing more — and internally, it uses |

only a handful of components.
The circuit has been balanced so that a

regular, leisurely wind

will keep it shining

brightly using almost any small, unipolar step-
per motor as the “power plant” or generator.
However, when winding stops, the duration of

light is short, therefore the flashlight requires

Figure 1. Schematic

Fl"ﬁﬁ"“i‘“ Vours

S
o

Ml
6-20 volts!
Unipolar
Stepper
Motor

6 8
V* SDHN
Your

continuous  winding
(see the side-bar
for suggested modifi-
cations).

In contrast with
other flashlights, my
wind-up flashlight uses
no batteries at all — not
even rechargeables.
The five white LEDs
which are used should
last hundreds of times
longer than a filament
bulb — and if a unipo-

lar stepper motor is salvaged from an old flop-
py disk drive, printer, or scanner, the rest of the
parts should soon pay for themselves through

savings on batteries.

Power Considerations

At the heart of the Wind-up Flashlight is its
“power plant” or generator, which may be
almost any four-phase unipolar stepper motor
between 6 and 20 volts. These usually have five
leads, or six — and in rare cases, even eight.

In the case of five leads, one of these will
be the motor's “common” lead. In the case of
six, two will be the common leads. Since there
is no standard arrangement for such leads, nor
any standard color-coding, the leads are identi-
fied as follows:

+ In the case of five leads, systematically
measure the resistances across the various

Ul
MAX639

nE

ci
BR4 4700uF =

6 volts 5

VFB LBIGND

7 |3 |4

X p——rn ]

|

LI
100uH

c2

DI o
22uF

INS817 0 voles |

AL

I 2

1¢

4 Z 5 R <
LEDI |LED2 |LED3 |LED4 |LEDS
%

RI D2
IMIN4I48

R2
™M

- C3

7

U2:CD40106BCN
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Wind-Up Flashlight

leads with a multimeter. The one lead which is consistently
involved where the lowest resistance is measured is the
common lead.

- In the case of six leads, the two common leads are
usually located at the center of two rows of three. In the
same way, measure the resistances across the various
leads. In this case, two leads will consistently be involved
where the lowest resistances are measured. These are the
common leads. Ignore any measurements which show
open circuit (infinite resistance).

The four AC outputs from the four phases of the step-
per motor are each full-wave rectified, and fed to capacitor
C1. Assuming that a smaller six volt stepper motor is used
(e.g., from a modern scanner), each phase will produce up
to 10 mA output with a brisk wind, which means that all four
phases together would produce about 30-40 mA.

Since the present circuit draws around 7.5 mA, it could
potentially support (with additional 40106 Schmitt hex
inverter gates) up to 20 white LEDs off a small motor.
However, winding might then need to be very brisk, and
there might be no room left for pause.

C1 could be increased to, say, 20,000 uF, and the flash-
light would then provide slightly extended use between
winds (perhaps 10 seconds).

If a larger “power plant” was used, two small value
“Goldcaps” (e.g., 2 x 0.22F in series) could be wired in par-
allel with C1 as shown in Figure 2, with the addition of a
Zener diode and red LED for over-voltage protection as
shown (the red LED indicates full charge). C1 should not, in
this case, be removed. Since “Goldcaps” have a far higher
internal resistance, C1 is still needed to “dump” its charge
into them.

I chose the MAX639 five volt switching regulator to pro-
vide a regulated voltage for the white LEDs. In the present
circuit, the regulation of this IC is not perfect, but it serves
its purpose well, and is a very efficient device. It also has a
low component count, which made it possible to design a
particularly compact printed circuit board. It will handle
input voltages between 4 and 11.5 volts, and up to 225 mA
current (that is, up to 150 pulsed white LEDs if a truly pow-
erful stepper motor is used)!

Cc4 |+ DZ1
022F 7T 6.2 volts
3 | 5 1 watt
4700nF =
16 volts cs + LED6 .
D === Ultrabright 3= 7
PR
0.22F Red

Figure 2. Optional improvements to the circuit.

device is shown in Figure 1. In order to conserve power,
LED1 to LEDS5 are pulsed with a 33% duty cycle, while the
supply voltage is raised to five volts — that is, 1.4 volts
above the LED’s rated voltage. LEDs will happily endure a
higher supply voltage on condition that they are pulsed. In
fact, my white LEDs endured sustained testing at 10 volts!

You might ask why the circuit could not be run at the
LED’s rated voltage — namely 3.6 volts — without pulsing.
On the face of it, this would seem to make for a simpler cir-
cuit and a brighter light.

However, in practice this does not work, while the 33%
duty cycle of the present circuit leads to a considerable
power saving (about 40 mW versus 350 mW — or nearly
90% saving).

Due to persistence of vision, the eye “sees” pulsed light
for much longer than its actual duration. This may be wit-
nessed by looking briefly into a light-bulb, then looking
away at a blank wall. The image of the light-bulb will persist.
Also, if current drain is reduced, C1 retains its charge
longer, even if the voltage is raised by 30 or 40 percent.

Minimal power is dissipated in U2, since this introduces
only a slight voltage drop across the LEDs — and it has a
very small power requirement itself. | would recommend the
CD40106BCN IC — other makes might introduce some
flicker to the light, which would necessitate decreasing the
value of C3.

R1, R2, and C3 are the timing

In most cases, the voltage
produced across C1 should
remain well within 11.5 volts. If in
doubt (particularly if a larger
power plant is used), test the volt-
age across C1. With a brisk wind,
the voltage should not rise above
about 10 volts — otherwise a 10
volt, 1 watt Zener diode should be
wired across C1 (the cathode is
wired to C1's positive terminal).

The Circuit

The schematic for this clever

elements of a low power "clock
generator" which pulses LED1 to
LEDb5, and these components are
chosen so as to give the maxi-
mum perceived light output with
minimum power consumption.
The value of C is small, and that
of R high, so as to conserve
power.

The duty cycle of the LEDs
may be changed so as to produce
more light by reversing diode D1
— however, winding could then
become a chore, especially if a
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smaller stepper motor is used.

U1

The white LEDs should have a
narrow viewing angle (20
degrees or less), otherwise
the beam will be too diffuse,
and brightness will suffer.

Construction

A few components
require special handling —
namely U2 and LEDI1-LED5
— which are all static-sensi-
tive. Discharge your body to
earth before handling. All
components should be of a

u

o .+
c1 JMP1
« BR1 -
ct)
Ae—] BR2
B«
A
¢ BR3 4
A
M1 . . : E
B — ] . +\
Figure 3. Parts s
layout on the Fo
* BR4 -« e (3 o
prototype, gl =

note stepper

high grade, since loss of
power through low-grade

wiring.

Resistors
RI,R2

Capacitors

Cl 4700 pF 16 volts
<2 22 pF 10 volts
€3 10 nF

Semiconductors

BRI - BR4 | A bridge rectifiers (0.2" pin spacing)
DI IN5817 Schottky

D2 IN4148

LEDI - LED5 White LEDs, narrow viewing angle
Ul MAX639 switching regulator

U2 CD40106BCN hex Schmitt inverter

Inductors
LI 100 pH radial inductor
MI 6-20 volt unipolar stepper motor

Optional components (see text)

C4,C5 0.22 F (or as required) memory
backup

Ultrabright red LED

6.2 volt Zener, | W
LP2950CZ-5.0 linear micropower

regulator

LED6
DZ1
u3

Miscellaneous

2" x 2" copper-clad board, ABS plastic enclosure with end panel (the
prototype's internal dimensions were approx.3 1/2" x 2 1/4" x 3/4"),
14-pin DIP socket, 8-pin DIP socket, jump wires, nuts and bolts for
M|, solder, etc.

MU1U010I0

components could lead to a
less efficient flashlight.

The wind-up flashlight prototype was built on a PCB
measuring 2” x 2” (see Figure 3). The internal dimensions
of the original case were approx. 3 1/2”" x 2 1/4” x 3/4” —
however, this will only accommodate the smallest unipolar
stepper motors.

Begin by soldering the two dual-in-line pin (DIP) sock-
ets. Solder the three jump wires, the bridge rectifiers, the
resistors, choke L1, then the diodes and capacitors.
Capacitor C1 was kept off-board, since this is a bulky item,
and some flexibility in mounting might be required.

Mark and drill five holes in the case's end panel for
white LED1 to LED5. Keep their legs as long as is required
for mounting in the case. The “flats” on the plastic bodies
are the cathodes. The end panel in the prototype makes it
possible to slide the PCB into place, which makes for easy
installation.

The stepper motor is then wired up, with only the loca-
tion of the common leads being critical (see Figure 3). The
remaining leads may be inserted in any of the other four
holes provided. Integrated circuits U1 and U2 are then
inserted in their corresponding DIP sockets. The PCB may
be secured with some glue, or with a layer of foam rubber
inside the case to hold it tight. Finally, drill holes for the
stepper motor's shaft and mounting holes, and bolt it to
the case.

In Use

Briskly wind the flashlight, and the white LEDs should
illuminate immediately. Do not look directly into the white
LEDs, since these are extremely bright, and may represent
a risk to your sight. The flashlight will need continuous,
moderate winding. It may be wound in both directions —
that is, clockwise and counterclockwise. (See the side-bar
for modifying the flashlight's characteristics).

If there should be a risk of dampness, or if there
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Wind-Up Flashlight

should be the risk of the flashlight
being exposed to severe weather, you
might wish to solder U1 and U2 direct-
ly to the PCB, and coat the PCB with
epoxy resin — taking care not to let the
resin seep into the motor.

The resultant flashlight is a very
durable device, which will always be at

Use ultra-bright yellow (or other color)
LEDs to save on cost. With the circuit's
33% duty-cycle, the use of ballast resistors
should not be necessary.

Heplace switching regulator Ul with a 5V
micropower linear regulator to save on
cost. This will, however, not be as efficient as
the switching regulator.

magnifying lenses (e.g., 10X magnifica-

tion), or a Fresnel lens, to focus the beam.
This gathers the light, and can greatly
increase the brightness of the beam.

Employ a further 40106 hex Schmitt invert-
er IC, and wire up more white LEDs for
increased brightness (however, winding is
likely to become more demanding).

Wire a six to nine volt battery and an on-
off switch across C| (the battery positive is
wired to Cl's positive terminal). In this, way

the ready — and it certainly beats strik-
ing a match! In fact it’s quite servicea-
ble around a camp table — or even for
walks on a footpath at night, lighting
up the way a good few yards in front.
The author may be contacted via
Email with any questions thorough
scarboro@iafrica.com 'V

the battery powers the flashlight, and wind-
ing is only required if the battery is dead.

Increase the value of Cl to about 20,000
uF for extended use between winds.

Employ "goldcaps" as described in the text,
for greatly extended periods of use. In this
case, a larger and more powerful stepper
motor is recommended.

Try other types of motor — e.g., synchro-
nous motors or bipolar stepper motors.
Keep a check on charge across Cl, which
should not rise higher than about 10 volts
— otherwise the Zener diode arrangement
of Figure 2 should be used. DC motors are
unlikely to work.

To use the flashlight as a book-light, reduce
the number of LEDs to one, and employ
the “Goldcaps” as described. A more pow-
erful stepper motor is again recommended.

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

prototyping.

Works with
Windows"95 and

Low Cost - $49.95

Create and
Analyze Circuits

vl b F" > INSTANTLY <

GLOBAL SPECIALTIES
SOFTWARE

1-800-572-1028 « For more information, please visit:
www.globalspecialties.com
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Circle #122 on the Reader Service Card.

Function Generator

0.5Hz~3MHz Sine, Square, Pulse,
Triangle, Ramp

FG-22030 $120

FG-22032 $185 w/ built-in

60 MHz freqency counter

Dio Meter DM-4061A $89.95
m (1.5~250 MHz)
- ® "  Modulation:2KHz sinewave
Crystal Oscillator: 1~15 MHz

Oscilloscope

0S-45010 (10MHz) $139.95
D 0S-45020 (20MHz) $269
= \
—

08-22250 (25MHz) $315
0S-45040 (40MHz) $399.95
0S8-22400 (40MHz) $469.95
0S-22600 (60MHz) $679
0S-221000 (100MHz) $849.95

Oscilloscope Probe
HP-9060 (60MHz) $15

"'// HP-9100 (100 MHz) $20

7 HP-2100 (100 MHz) $20

HP-9250 (250MHz) $29

HP-9258 (250MHz) $39

Audio Generator

10Hz~1MHz, sine / square
AG-2601A $119, analog display
AG-2603AD $225 with built-in
150MHz freq.counter, digital display
Signal Generator

(100k~150M Hz in 6 ranges

RF output: 100m Vrms)
SG-4160B $119 (analog display)
SG-4162AD $224.95 wibuilt-in
150MHz freq. counter (digital display)

Tnple Output Power Supply
PS-45303TE $214.95
30VDCx2 @ 3A, fixed S5VDC @3A
PS-45305TE $235.95
30VDCx2 @ 5A, fixed SVDC @3A

ICAEP)ROM Programmer
DIC-17001 $209.95
(Digital IC Tester): 14~24 pins
LIC-17002 $579.95

(linear IC Tester): 8~16 pins
EDP-17003 $249.95
(EPROM Programmer): w/USB port
functions: type /read /blank check /
program /verify / erase / disk /

help / process / parameter

Soldering Station

§S5-31976 (50 W) $36

$S-31998 (15~60W) $27

$S5-31010 (48W) $46

” SDS-31916 (solder/desoldering) $255
*optional replacement tips available

Tin Pump TP-31817 $4.50
IC Extractor $1.65
PLCC Extractor $4.50

Circle #123 on the Reader Service Card. 43




by Thomas Henry

Snap, Clank, Clatter!

Give Neil Peart a Run With this Metallic Sound Synth

[
\
J 3D modeling by Dennis San Vicente

played not unlike an zine has presented a number of construction articles over
organ. Shortly thereafter, clever designers started the years explaining how to build pro-quality instruments
applying synthesis techniques to drums and percussion. from scratch.
This has revolutionized the music industry and many drum- But one notable instrument has been missing from the
mers today augment their set-ups with electronic equiva- DIY arena ... until now. The cymbal and its relatives (collec-
lents, or even forego traditional trap kits altogether in favor tively referred to as clangorous instruments) have not been
of synthesized percussion. Adding to the versatility, elec- part of most homebrew music systems. The reason for this
tronic drums can be easily put under computer control is that clangorous and metallic sounds are among the most
thanks to the popular MIDI interface. And all this is available difficult to synthesize realistically, and many experimenters

he earliest electronic music synthesizers were key- to the experimenter, especially since Nuts & Volts maga-
board-based instruments

I

|

|

|
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Snap, Clank, Clatter!

hardly know where to
begin. Bass drums, tom- oo Laae
toms, and even snare +15v
drums are fairly straight- c24

CLOSED 0.047F

forward to mimic, since TRIGSLI
the  easily-synthesized “1 R4S
damped sine wave is at
their heart. But metallic
sounds like chimes, cym-
bals, cowbells, and the | .

like are another matter -
OPEN  0.047uF

IC5
555

altogether.

Enter the Clangora!
This is a full-featured elec-
tronic hi-hat circuit with no
commercial equivalent. = = =
It's not boasted that it will

TRIGGER
JZJ:

exactly duplicate the stan-
dard hi-hat, but Clangora
does suggest the sound N914
more closely than any 12
other analog circuit you're
apt to meet. And besides, ICac
the Clangora is capable of S
a wide variety of other
metallic sounds. Yes it's a =

9 1 5
: cis 2L
e 0.01 ij—
J_— +15V
D7
1 1Ng14
3 Bl
E <3
2
SV ic4d TRIGGER
1/4 4001 LED
D11
- D8 v LED
1N .
2N3904 s
to
R68 (Fig. 3)
R70 (Flg 4) ang
R61 (F:g 5) R63 (Fig. 5)

big circuit, but as you'l
see, the individual modules comprising it are fairly simple to
understand if you consider them one-by-one. Despite its
apparent complexity, there is nothing particularly critical
about the circuit, putting it within reach of the average week-
end project builder. Let's jump right in and see how it works
before turning our attention to construction details.

Understanding Clangora's
Modules

A cymbal sound consists of at least three main sonic
components. First, there is the initial snap of the stick strik-
ing a surface. This is called the impact tone and is quite
short and sharp. Immediately after this follows a metallic
clank, which might hang on considerably longer depending
on the mass of the cymbal and how it is supported. Finally,
in the case of a hi-hat, there are actually two platters abutting
one another loosely and their interaction creates what can be
called the clatter. Altogether, a lot goes on when you smack
a cymbal! And yet, with a bit of ingenuity, it is possible to imi-
tate these components electronically.

Refer to Figure 1, which shows a block diagram for
Clangora. You will notice that there are three major audio
components: the impact, clank, and clatter generators. The
impact generator sports two controls — one to set the overall
volume and one to adjust the tone for bass or treble
response.

Next, the clank effect is produced by allowing one volt-
age controlled oscillator (VCO) to modulate the frequency of

NOVEMBER 2003

another — called FM. This is a great way to generate metal-

lic sounds. There are controls on the VCOs which permit you

to set the initial frequency of each. Another knob lets you dial

in the amount of frequency modulation desired, greatly

extending the range of possible sounds from realistic to

outer-spacey. But even with this, things could be a bit static,
| so we also sweep the second oscillator in response to an
envelope generator. Thus, the harmonic content of the clank
changes with respect to time, which is exactly what happens
in a real cymbal for various physical reasons. Notice that
both the frequency and amplitude of the clank section are
modulated by an envelope generator. A separate voltage con-
trolled amplifier (VCA) imposes an amplitude pattern on the
clank sound. This is important, since the clank dies out more
quickly than the clatter which lingers on as the cymbal grad-
ually dissipates energy.

A pair of jacks — called break-jacks — lets you tap into
the clank sound if desired, and insert an additional processor
like an audio equalizer, reverb, or ring modulator. This really
opens things up for tweaking the sound.

The clatter section begins with a rather exotic noise
source. This isn't your usual white noise generator, but in fact,
it creates a dissonant mixed-tone effect. And rather than
employing the output directly, we force it to control yet anoth-
er VCO. This yields a tunable noise source which can be
dialed up and down across the entire audio band.

Other controls contribute to the fantastic versatility here.
The basic pitch of the noise can be set, as mentioned above,
| but can also be swept in response to the master envelope
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both an "open" and a
ca7 "closed" sound i
v i . depending
L c20 470K |l upon how tightly the platters
— 0.01uF 1 2 1T+ o .
>0 are pulled into contact with
e dirad 8 = each other. Jacks Jl and J2
_L_-’ b Wy send open and closed trig-
= 0%3:”: 539K e 2| gers to the unit. To ensure
e o7 that Clangora is compatible
b . 2
1/6 40106 with as wide a range of
¥ i22|' “'—2;73"?:_ - musical gear as possible,
— 0014F 5[ g| 100K op-amps [Cla, IC1b, and
il their associated compo-
S 0100 nents clean up the input
) Ji) RSO S triggers considerably. Let's
— 00047uF | op_g| 100K .
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generator. Again, a cymbal sound is anything but static, and
by sweeping the clatter over time you get a much more real-
istic filtering effect. Another set of break-jacks allows you to
inject further processing here, as well. There's even an aux-
iliary input in case you'd like to patch in some other synthe-
sizer circuit.

The impact, clank, and clatter tones are all summed at
the master VCA. This VCA changes its gain in response to
an envelope generator. The attack time is fixed to be as fast
as possible, since that's the way most percussion behaves,
but the decay is adjustable and can die out over a period of
several seconds. A real hi-hat is controlled by a foot-pedal
which opens and closes the platters — the decay of the open
pair, of course, is much longer than that of a pair snapped
up against each other. So, the VCA is managed by two inde-
pendent envelope generators.

There are separate trigger jacks for these letting you
control both aspects of Clangora by computer. And for real-
time percussionists using electronic drum pads, there's even
a pedal input which lets you "open and close" the cymbals
with an SPST footswitch. With this overview of the modules
under our belts, let's dig deeper into the electronics and see
how the circuit actually works its magic.

How the Circuit Works

Much of the action in Clangora centers around the enve-
lope generators, so let's start with them first. Refer to Figure
2. The master VCA is controlled by one of two envelopes
chosen by the envelope select logic — recall that a hi-hat has
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when any trigger exceeding
this value comes in, and diode D1 ensures that the swing is
only positive.

The squared-up triggers are then fed to the logic circuit-
ry consisting of the NOR gates and IC5 — the 555 chip.
Now, before you think you've seen this all before, you might
want to note that IC5 is not being used as a timer! In this
configuration, it is set up as high power R-S flip-flop. Pin 2 is
the set input while pin 6 provides the reset function. Pin 3 is
the output. Depending on the state of the output, either D3
or D4 — but not both — is pulled to ground, thus providing
a discharge path for C45 (the main envelope generator tim-
ing capacitor) through either the open decay control or the
closed decay control. Pulling this all together then, an open
or closed trigger either sets or resets the R-S flip-flop, and its
output selects one of two possible discharge paths.

By the way, it should be obvious that the attack is fixed,
and is created by dumping a charge onto the timing capac-
itor, C45, via diode D7. Notice that D7 passes current when
either the open or closed triggers occur. That's because
NOR gate IC4a is followed immediately by the inverter IC4d.
You get a NOT-NOR out of the deal, which is nothing more
than the simple OR operation. The timing capacitor is
charged rapidly giving a near instantaneous attack — it's the
decay that is adjustable by either R83 or R84.

Pin 4 of the 555 acts as a master reset control. It will
override whatever the chip is currently doing and pull the
output to ground, thus closing the hi-hat. An ordinary SPST
footswitch can be plugged into jack J3 for pedal control. By
the way, two LEDs give an indication of which decay control
is currently selected. D10 lights when the open decay con-
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trol is in effect, while D9 indicates that the closed control is
engaged. And in case you're wondering why an off-the-shelf
flip-flop wasn't used, consider that it has to sink a substantial
amount of current in this application. The 555 shines in this
respect, and at the same time, provides all of the niceties, like
a master reset (pin 4) and an auxiliary output (pin 7) for
the LED. As mentioned above, the currently selected enve-
lope voltage is developed across C45, and the emitter follow-
er made up of Q4 and associated components buffers the
signal. @3, along with D8 and C31, acts as a pulse stretcher
and makes sure that the trigger indicator light D11 shines
long enough for the human eye to detect.

The clank circuitry requires its own independent enve-
lope generator. A straightforward one comprising D6, R2,
R85, and C43 creates the desired envelope that’s buffered
by Q2. All in all, it's a very simple affair, but does work
quite well.

That pretty much covers the envelope generator stuff, so
let's move on to the clatter circuitry. Refer to Figure 3 now.
Six separate Schmidt trigger oscillators form the main noise-
making bank. You might not have seen this approach before.
These oscillators were tuned empirically, right at the work-
bench, to create a deliberately dissonant effect. The sound is
quite weird and already begins to seem metallic in nature.
The six outputs are summed by mixer IC2a, and then cou-
pled to the clatter noise depth control R22. But rather than
tapping this as an audio output, let's continue by using the
signal to modulate a VCO. This is a sweet way to make the
noise source tunable over the entire

Snap, Clank, Clatter!

the control voltage to be referenced to ground, and also
offers up a response which covers the entire audio range of
around a dozen octaves. (The span of the 566 is normally
limited to a piffling several octaves).

IC2b sums the voltages that control the VCO's output fre-
quency. As mentioned earlier, the noise output is applied via
potentiometer R22. A center frequency or pitch is set via a
fixed voltage supplied by control R69. And the clatter enve-
lope generator can sweep the frequency of the noise source
dynamically, thanks to the input applied to pot R68. All in all,
you get a tremendous amount of control over the sonic qual-
ities of the clatter here. Incidentally, trimmer R64 ensures that
the lowest points on the dials still produce a legitimate sound.

Finally, notice that the clatter output is AC coupled from
pin 4 through C33 before passing on to the break-jacks men-
tioned earlier. Use these to insert additional processing if
desired; otherwise, the signal simply moves on to the master
VCA, yet to come.

Now turn your attention to the clank section in Figure 4.
As described above, two VCOs are pressed into service here,
one modulating the frequency of the other. IC8 is the control-
ling oscillator — this 566 chip being configured in the stan-
dard way, since we don't need much range here. C26 and
R23/R3 provide the main timing elements. The usual FM
input at pin 5 is simply biased up to a convenient point to
ensure the 566 oscillates across the entire range of R23's
span. The output is a triangle wave, found at pin 4.

The second oscillator, IC9, is configured like that in the

audio spectrum, yielding deep bass
rumbles on up to brittle treble

screams. =1
The noise output is used to mod- . 10pF

ulate the frequency of a 566 VCO
chip and associated components. =
Like the 555 we saw earlier, this is a nc —
very non-standard configuration —
which may be new to you. For o2
starters, notice how the chip is pow-
ered. Usually pin 1 is grounded, and 4

-15Vo-

+15V is applied to pin 8. But in this o4

pin 8 at ground. Don't let this

strangeness worry you — as far as the b
566 is concerned, there's still a posi-
tive 15V potential straddling its sup-
ply pins. The reason for taking this

from Q2

odd approach is that we can now do | -2 b
clever things to obtain a much wider 100K

and predictable response. The details Sweep

of how it works are beyond the scope -
of this article, so let's just note that 4

15V
the internal current source of the 566 Fes
(accessed via pins 5 and 6) is placed 130K
within the feedback loop of op-amp —

IC2b. This has the effect of forcing —

situation, we put pin 1 at -15V and 1:

CLANK
BREAK-JACKS
SEND RECEIVE

T
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Throw in control R27 and you now have the
power to adjust both the volume and tone of the
impact effect.

So, we've got all the sounds we need and
we have the various envelopes. The time has
come to pull them all together and route the sig-
nals to the VCAs. IC10, which is the amazing
NE570 compander chip, is pressed into service
(again in a slightly unconventional manner) to
act as a dual VCA. Let's follow the path of the
clank generator which was described earlier.

clatter section. IC8 modulates it under control of poten-
tiometer R24. The basic operating frequency is set by pot
R71. Finally, R70 applies a voltage tapped off of the clank
envelope generator described back in Figure 2. These three
control signals are summed by op-amp IC3a and then
applied to the 566. The frequency modulated triangle wave

coming out at pin 4 sounds uncannily like the ringing of |

metal — once we impose an amplitude envelope on it we'll
have cymbals, cowbells, and other clangorous effects at our
fingertips.

Look back quickly at Figure 2. Note again that IC4a is
a NOR gate, but that this is followed immediately by invert-
er [C4c. Thus, the output passed on by diode D5 will snap
to attention if either an open or a closed trigger occurs. Now
move on to Figure 5 to see how this is used to fire the
impact generator. The pulse is applied to a simple tone con-
trol consisting of C40/R8, C41/R19, and potentiometer R25.
Here we have a simple circuit, but it gets the job done.

This is applied to pin 3 of the 570 after suitable
scaling and coupling by R18 and C36, respectively. Trimmer
R66 lets you compensate for any DC offsets at the gain cell
input, reducing undesirable "thumps." (This may seem
strange in a drum circuit, but the only thumps we want are
those we create on purpose!)

The usual rectifier circuit is disabled by bypassing pin 2
to ground via C28. Instead, we inject a VCA control voltage
at pin 1, after it's restricted appropriately by resistor R61. If
you trace this back to Figure 2, you'll discover that the con-
trol voltage comes from the clank envelope generator.
Recall that the attack time is very short, so the VCA opens
up almost instantaneously, yielding full volume. But then as
the timing capacitor discharges through decay pot R85, the
amplitude dies away slowly. The effect is that we've imposed
an amplitude envelope onto the basic clank generator, and
even with just this much it's beginning to sound like you
struck a piece of metal and made it vibrate for a while. The
tone eventually dies away.

But to finish up the VCA,

R66 RS58
100K 100K

+15V

from J9
(Fig. 4)

GAIN

CELL
C36  R18
0.1uF 10K f

2| 10K

_E— FAAA— RECTIFIER
c28

0.1pF I 1

the gain cell output is sent to
an op-amp internal to the
NE570 whose gain is set by
R32 and R40. C1 limits the
supersonic high end, just to
nail any RF garbage in its
tracks. Potentiometer R26 is
the master clank volume con-
trol, and then the signal is
routed to the remaining VCA.

from Q2 =
(Fig. 2)

The second half of the
NE570 compander chip is
configured in an identical
fashion to create a master

VCA. Notice that the various
100pF audio inputs (clank, clatter,
and impact tone) are

IC10b
1/2 NE570

summed first by mixer 1C3b
and then applied to the volt-
age controlled amplifier. The

ism(
— +1.8v

- R28 ouTPUT

10K
7

SJ- 1 3 VOLUME I
(Fig. 2) cs 7 [

0.0014F 0.0014F ——

mixed output is tamed by vol-
ume control R28.

One final detail — on all
= of the figures, you might have
noticed some capacitors that

#

8

NOVEMBER 2003




Snap, Clank, Clatter!
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are pretty easy to find. The
NE570, which was an extremely popular chip 20 years ago,
is perhaps a little harder to locate nowadays. However, as a
service to readers, arrangements have been made so that
you can obtain it by mail order especially for this project. See
the Parts List for details.

There's nothing especially critical about the Clangora, so
it could be wired by hand as long as you are patient and neat
about it. But since it's a large circuit, perhaps the easiest way
to go is by means of a PCB. Figure 6 shows the lifesize art-
work, and can be seen on the Nuts & Volts website
(www.nutsvolts.com). You can find suppliers for most of
these circuit board production items in the advertisements
within Nuts & Volts magazine.

Figure 7 shows the parts placement guide. The orienta-
tion of the components should be obvious, but be sure to
double-check your work as you go along. In particular, make
certain you get the polarities of the electrolytics right, and
watch the positioning of the transistors and diodes. Finally,
note that there are 14 jumpers on the board (the price for not
going with a double-sided PCB!). You can use leftover snip-

pets of component leads, or short pieces of bare buss wire
for most of these. However, note that three connections must
be made with insulated wires. These join the individual pairs
of pads labeled X, Y, and Z, respectively.

Now's the time to start working on the front panel and
enclosure. To make the Clangora compatible with other stu-
dio rack-mounted gear, a standard 2U panel is perhaps best.
This has the dimensions of 3-1/2 inches by 19 inches, and is
usually made of 1/8 inch aluminum stock. Figure 8 shows a
suggested layout. After marking and drilling all holes, consid-
er using a computer art program with decal transfer sheets to
label everything. Several coats of clear plastic paint will pro-
tect the panel from most abuse. By the way, you can use tiny
angle brackets and #4 hardware to secure the PCB board
behind the front panel.

To complete the wiring, refer back to Figure 7. You will
notice that the connections to the various pots, jacks, LEDs,
and so forth are clearly indicated with italic lettering. For
example, a designation of R69/2 means that you are to wire
this pad to the second (middle) lug of potentiometer R69 —

19
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BUILDING IT? — NUTS & VOLTS CAN HELP!

Clangora is a big circuit, so necessarily the description here has had
to be short and to the point. But if you're the type of experimenter
who clamors for more details, then you need look no further than
Nuts & Volts. Over the years, Nuts & Volts has published a number of
articles which directly influenced the implementation of Clangora
here. Pull these issues down from your home reference shelf, or
check out the availability of back issues on the Nuts & Volts website.

* "Build the ADV-Snare," by Thomas Henry and Jack Orman, July 1996,
pp. 71-75 — lots of info on essential electronic drum design tech-
niques

* "Build the ADV-Bass," by Thomas Henry and Jack Orman, November
1996, pp. 56-59 — the simplest electronic drum to build, great for
beginners in drum synthesis

the clatter pitch control. Also, observe that some parts (C38,
C39, C41, R8, and R57) mount directly behind the front
panel, strung between various potentiometers or jacks.
Lastly, note that there is an extra ground pad (labeled
GND) which is used to bring ground to the front panel. To
avoid ground loops and the insidious hum they can cause,

Resources

As a special service to readers, a set of one NE570 and three 566
VCO chips is available for $25.00 from Midwest Analog Products.
This price includes shipping by first class mail anywhere in the US.
Minnesota residents please add 6.5% sales tax. Readers from other
countries please inquire first for exact shipping charges.

Order from: Midwest Analog Products
P.O.Box 2101
N. Mankato, MN 56003
Email: contact@midwest-analog.com
Web: www.midwest-analog.com

* "User's Guide to Special Audio Processing ICs," by Ray Marston, May
1997, pp. 55-59 — details on the inner workings of the NE570 com-
pander chip used in Clangora

* "Add MIDI to Your Electronic Drums," by Thomas Henry, October 1997,
pp. 62-67 — the title says it all

» "Secrets of Making Attractive Rack Panels," by Thomas Henry,
December 1998, pp. 72-75 — the ins and outs of designing beautiful
homebrew rack mount equipment

* "Build a Tunable Noise Generator," by Thomas Henry, November 1999,
pp. 25-27 — explains how noise can modulate a VCO, as used in
Clangora

ground should tie to the front panel at one point only. The
remaining GND pad is employed, along with the +15V and
-15V pads, to provide connection to your regulated bipolar
power supply.

After you've double-checked all of your work, it's time to
fire up Clangora and adjust the trimmer pots. Assuming you
pass the smoke test with flying colors, patch a source of trig-
gers into the open and closed jacks, and connect the audio
output to an amplifier and speakers. Watch the volume con-
trol until you get used to what's emanating, just to avoid
bruising either your equipment or your ears. While triggering
the unit repeatedly, adjust the two trimmers (R66 and R67)
to minimize any undesirable thumping in the VCAs. Next,
tweak trimmers R64 and R65 to set the sweep range for the
clatter and clank, respectively. You want to attain the largest
sweep range possible, avoiding any dead spots where the
VCOs might stall.

And that's it! Now comes the big (but fun) job ... learning
the controls. Whatever you do, be patient. Like with any fine
musical instrument, it is possible to create some angelic

US$4.90
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PARTS LIST

R75 220K DI - D8 IN914 or IN4148
R76 270K D9 - DI red LED
R77 330K Ql - Q4 2N3904 NPN
Rl -R3 IK R78 390K ICI - 1C3 1458 dual op-amp
R4 - R7 1.5K R79 - R82 470K IC4 4001 CMOS NOR
R8 A28 R83 - R85 500K linear taper gate
R9-RI| 47K R86, R87 3.3M IC5 555 timer
RI2,RI3 5.6K IC6 40106 CMOS Schmidt
R14 - R2I 10K i
R22 - R25 I0K linear taper IC7 - 1C9 566 VCO
R26 - R28 I0K audio taper CliE2 100pF disc IC10 NE570 compander
R29 - R34 22K C3-C7 0.001 pF mylar
R35 - R41 39K Cc8-CllI 0.0047uF mylar
R42, R43 68K Cl2-Cl9 0.01pF disc
R44 82K C20 - C23 0.01pF mylar JI-J7 1/4" phone jack, NO
R45 - Ré63 100K C24 - C26 0.047pF mylar J8,)9 1/4" phone jack, NC
Ré64 - R67 100K trimmer taper C27 - C30 0.1pF disc
R68 - R71 100K linear taper C31 - C42 0.1pF mylar Miscellaneous: printed circuit board, LED
R72,R73 100K audio taper C43 - C45 4.7uF electrolytic holders, IC sockets, front panel, knobs,
R74 150K C46 - C51 |OpF electrolytic wire, etc.

sounds and some extremely ugly ones. So you'll want to put | well together. But if you give it the rehearsal time it deserves,
in a fair amount of time experimenting to discover exactly you should come away mastering one of the most versatile
what the effect is for each control and which settings work | electronic drum circuits ever.

SAELIG BRINGS YOU EASY-TO-USE SOLUTIONS!

USB in one IC!

FT232BM Single chip USB-232
solution with all Windows
/Mac/Linux drivers. No program-
ming/USB knowledge required!
Easiest answer to update RS232
devices! Only $2.60 (10k)

CANbus Cards

CANbus - Starter Packs and
cards for almost any board format
& OS. CAN/Ethernet bridges,
industrial automation solutions
from Janz AG as used by top
companies all over the world.

Dataloggers

VL100 2" x 3" battery-powered
analog & digital loggers store
events, volts, current, pressures
for weeks. Download to PC and
review graphic results or Excel
spreadsheet. Only $200!

USB<>RS485

USB-COMi (non-isolated) or
USB-485i (isolated) offer self-
powered USB to RS485 con-
version with baud rates 184bps
- 3Mbps. PC thinks it’s talking to
a COMport! Only $48/8170!

Industrial PCs

ATX Ruggedized Industrial PCs
for any budget or application.
Easy mtnce, economy, reliability.
AMD Athlon XP1700, shock-
mounted 40GB  harddrive.
100% Bumn-in. CE EMC. $899*

2 ot
TDS2020F makes a custom CF
card A/D datalogger or con-
troller - quickly! High-level
software completes projects in
hours. Store GPS/CANbus/A or D
data to card. Only $199 (50 qty)

ALSO: SCALABLE LED DISPLAY PANELS, TEMP-HUMIDITY
MONITORS, THERMOCOUPLE P.C. ADAPTERS, ENVIRONMENT
MONITORING SYSTEMS. EDUCATIONAL SCIENCE PROJECTS,

GRAPHICS SOFTARE, AutoCAD PROGRAMMIN!

URSE, USB-

PIC BOARDS, FLASH PROGRAMMERS - IF YOU DON'T SEE WHAT

YOU NEED MAYBE WE CAN FIND IT FOR YOU?
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USB Logic Analyzer

ANT8 Matchbox-sized USB-
powered logic analyzer. Sample
8 channels at up to 500 million
samples-per-sec. View traces
on PC. Print or save for later
review! (16-ch. ver. too!) $199!

Mfg Software

manufacturing

easy-use software for
Inventory management
Bills of Matenials

Sales Orders

Instant Builds

Purchase Orders

ADC-212/100 turns your PC
into a great high-speed scope.

Sampling to 100MS/s at 12-bit}>100,000

res'n. FREE s/w turns PC into]
powerful 2-ch scope, DVM &

spectrum analyzer. $95 - $1145

Saelig

585-425-3753 -

USB PC Scope

DS2200C 200 kS/s 12-bit 2-ch
USB scope adapter for PC.
Looks like a “Digital Scope” on
your PC screen! Take anywhere.
Great for laptops, and servicing.
Remarkable price: Only $189!

1/0 thru Ethernet

BITlink - easily construct control
systems communicating through
Intranet/Internet. BIT2000 for
process control, building monitoring,
data logging, alarm systems and
other industrial uses. $399 A

BASIC modules

Tigers - tiny multitasking BASIC
modules for quick projects.
instr's/s! iCOM200
ready-made controller with LCD
and keypad. Touch240 controller
- with touchpad and LCD display.

Co. Inc.
fax: -3835

www.saelig.com ¢ info@saelig.com

USB Bus Analyzer

Tracker 110 USB protocol ana-
lyzer displays USB packets
sent, decodes descriptors,
errors, and measures USB s
performance. Easy software -
learn about USB now. Only $899!

RS8232<>422/485

K2 9p-9p self-pwrd RS-422/485)
K3 9p-9p isolated RS-422/485
K3-232 9p-9p isolated RS232
K232-ISOL 25p -25p RS232
KD485-STD DINrail - isolated
KD485-PROG programmable!

Crystals / Oscillators

<o

Euroquartz - Europe's largest
mfr of quartz crystals, osc'’s,
filters and frequency products.
Custom filters, high rel. rad tol.
osc’s. Novel EQ-HM spread-
spectrum osc’s reduce EMI problems

USB-Serial Adapter

one! US232B instantly updates
older RS232 products to USB!
PC thinks it's using COMport
but uses the USB connection.
Only $39 (1) or $$29 (100)

12C for PCs

| PCI93LV: industry-standard 12C
card for PCs. WINI2C/PCI soft-
ware gives windows-interface to
develop and debug 12C bus sys-
tems. UCAQ3LV is new USB
version. NOW! - transparently
monitor at 400kHz! Only $499!

SM miniboards

OM-Adapt
have two footprints on either
side. Now use your ultra fine pitch
SMD components with more
useful 0.1" inline spaced holes.

One-to-one pinouts. $6.991

Saelig Co. brings to USA unique, easy-to-use control and
instrumentation products from overseas. Customers include:
Intel, Philips, NEC, Kodak, Nokia, US Military, Microsoft,

Dell, Xerox, Universities,

T.l., Harris, Sony, J&J,

Thomson, Sandisk, General Dynamics, H-P/Compaq, etc.
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Project

Of Control

Learn About Tank Circuits
With This Simple Project

Add A Touch

by Paul Florian

he circuit in Figure 1 is the schematic of a touch
switch of rather simple design. When your finger
is in contact with the touch plate, the LED is illu-

minated. When you move your finger away from the
plate, the LED is turned off.

Theory of Operation

The circuit consists of an oscillator, rectifier, and
threshold detector. The oscillator is composed of L1, C2,
C3, and Q1. The operating frequency is given by F=1/(2
* Pl * SQRT(L1 * Ct)), where Ct equals the series capac-
itance of C2 and C3. Ct = 110 pF. Using the equation
gives an operating frequency of approximately 5 MHz.
When you touch the plate with a finger, the tank circuit is
loaded with your body impedance. This prevents the
oscillator from working. D1, R4, and C4 rectify and filter
the voltage at the emitter of Q1. Q2, D2, and D3 form a
threshold detector. The threshold voltage of Q2 is set at 3
VDC by the voltage drop of the diodes D2, D3, and Veb of
Q2. This is equal to the supply voltage - VD2 - VD3 - Veb.
With a 5 VDC supplying, this produces a threshold volt-

Touch Plate +5V

The assembled touch switch ‘ ‘

age of (5-0.7-0.7 - 0.6) = 3.0 VDC. When the base volt-
age of Q2 is greater than the threshold voltage (3 V), Q2
will remain off. As stated earlier, whenever the plate is
touched, the oscillator does not run and this causes the
voltage at the anode of D1 to be approximately 1.6 VDC.
Therefore, D1 is reverse biased and the cathode of D1 is
pulled down to 3 V by R4. This turns on the LED. However,
when the touch plate is not in contact with a body, D1 rec-
tifies the 5 MHz from the oscillator. Then the signal is
filtered and results in approximately 4 VDC at the base of
Q2. This voltage is greater than the threshold voltage of
3 VDC, so Q2 is off and the LED does not glow.

Construction

You may download a full-size copy of the PCB from
the Nuts & Volts website (www.nutsvolts.com). Note
that the text on the PCB should read PCFTS03, not its
mirror image. Once the circuit board has been etched and
drilled, install the components listed in Table 1. Install
resistors R1-R5. Next, mount diodes D1-D3, and LED D4.
Then solder L1 and C1-C5 to the board. Finally, install Q1
and Q2. Be careful to note polarity
and part number when installing
these transistors. Q1 is a 2N3904
NPN transistor and Q2 is a 2N3906

R1
5600 3»

>

2N3904
Q1

®

Cc1
1nF

— i

D1 1N4148

e
=

PNP transistor. Solder a one-foot
piece of red wire to the pad marked
V+ and solder another similar
length of black wire to the pad
marked Gnd. These wires can be
twisted together for a more profes-
sional appearance. The twisting
can be accomplished by chucking

D2
D3

1N4148

1N4148

2N3906

il

R5

NI
1

C2
§ L1 220 pF
10 uH

C3
220 pF

> R2 <

% %R.’i
4700
1K

e
-

R4
10K

both wires in a variable speed drill.
Hold one end of the wires while the
drill is on low speed. Twist until
there are four to eight turns per

Red LEQ

Figure I. Load the tank circuit and the LED lights
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Gnd

inch.
The touch plate is constructed
from a piece of 2” x 4” x 1/16th
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Build A Simple Touch Switch

inch thick piece of metal such as aluminum, copper, tin,
brass, or copper clad PCB material. The circuit design has
been tested with wire lengths of up to six feet between the
touch plate to the circuit board.

Testing

Once the circuit has been assembled and the touch
plate wired to the PCB pad marked “Plate,” check for sol-
der shorts, cold solder joints, and correct installation of
polarized components. Apply 5 VDC to the red wire and
ground the black wire. Measure the voltage between the
cathode of D1 and Gnd (without touching the plate) — this
should be approximately 4 VDC. This means that the oscil-
lator is running, and the LED should be off. If this is not the
case, check for proper installation of L1, C2, C3, and Q1.
When the plate is touched, the voltage at the emitter of Q1
to ground should read 1.6 VDC, the voltage at the cathode
of D1 to Gnd should measure approximately 3 VDC, and
the LED should be on. If different results are obtained,
check the correct installation of D1-D3, and LED D4.

Conclusion

Feel free to experiment with different size touch plates
and different lengths of wire connecting it to the circuit
board. The touch switch can run off of any voltage
between 5 and 12 VDC. If a voltage other than 5 VDC is

used, R5 will have to be recalculated for an LED current of

10 mA, using the equation (Vsupply - Vd2 - Vd3 -Vied)/i.
Solving the equation for 12 VDC supply gives R5 =
(12-0.7-0.7 - 2.1)/0.01, or about 850 ohms. Use an 820
ohm resistor since it is the closest standard part value. You
may also want to replace the LED with a small reed relay,
taking care to limit the coil current in the same manner.

This circuit can be used as a building block for more
complex designs where having a touch switch may prove
useful. The touch switch is an educational as well as fun to
build project. NV

Part Designation Part Value

RI 5.6 KQ 5%, 1/4W
R2 4.7 KQ 5%, 1/4W
R3 | KQ 5%, |/4W

R4 10 KQ 5%, 1/4W
R5 100 Q 5%, 1/4W
cl | nF ceramic disc
C2,C3 220 pF ceramic disc
C4 100 nF ceramic disc
C5 10 nF ceramic disc
LI 10 uH inductor
DI1-D3 IN4148 diode

D4 Red LED

Ql 2N3904 NPN

Q2 2N3906 PNP

Plate See text

Tanle |

Hookup wire
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LabJack
u12

Available now for only ...

$1 19 qty 1
($99 gty 10+)

USB Data Acquisition
& Control

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

* 32-bit counter

* Built-in screw terminals

* Easy-to-use USB

* Everything included

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

AMade in Colorado, USA, by LabJack Corp.
info@labjack.com, (303) 942-0228

interface with sensors,
can dream up. BasicAl
everyone from the pr

f User EEPROM
ion Per Second

Two Capture, Compare
Analog-to-Digital converter
Buffered Serial Port

Built in hardware

32 x 32 Bit Math
Floating Point Math
Variables with values up to 4,294,967,295

All ATOM modules feature
more program space, larger
user RAM AND EEPROM,
and nearly 3 times the
executable speed of their
nearest competitor! Now the
only choice you need to make is
which BasicATOM is right for you.

11
I

}fil

ATOM Modules Include: BasicATOM
module, programming software and printed
documentation

BASIC MICRO

TECHNOLOGY AT WORK

Visit us online at WWW.BASICMICRO.COM
to see our complete product line
or call toll free at 1-800-869-5095
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Tech Forum

QUESTIONS

| am using a 4017 sequencer IC
to light a small Christmas display,
using the first nine steps to light each
element. On the tenth step, | would
like all nine outputs to light up, and
then repeat. | am using relays (12
volts, 700 ohm coil) to interface the
IC and display. My problem is, | can't
get the nine outputs to light all at
once. How do | wire this?
#11031 Sam Azzarelli
via Internet

| need a circuit that can measure
viscosity of an oil at temperatures up
to 250 degrees F and under pressures
of up to 200 PSI. | was thinking that a
quartz crystal, with a self resonating
circuit, could just measure the

different frequencies, as | know
temperature would affect the results.
Would this work? [ could submerse a
motorized paddle in the oil and
measure the motor current, but it
would be hard to build because of the
pressure, temperature, and sealing.
#11032 Dennis Anderson
Ontario, Canada

Does anyone know where [ can

find plans to build a digital
refractometer?
#11033 Dr. Bolt

via Internet

Is the state-of-the-art in video
teleconferencing good enough to
conduct music lessons over a camera
pair on the Internet? Is anyone
currently doing this? 1would like

This is a READER-TO-READER Column. All
questions AND answers will be provided by
Nuts & Volts readers and are intended to
promote the exchange of ideas and provide
assistance for solving problems of a technical
nature. All questions submitted are subject to
editing and will be published on a space
available basis if deemed suitable to the
publisher: All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are

any answer printed in this column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

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

ANSWER INFO

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

is printed. Be sure to include your mailing
address if responding by email or we can not
send payment.

* Your name, city, and state, will be printed in

you want your email address printed also,

made by the publisher. The implementation of

* Payment of $25.00 will be sent if your answer

the magazine, unless you notify us otherwise. If

indicate to that effect.

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

QUESTION INFO

To be considered

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

1) Circuit Design

2) Electronic Theory

3) Problem Solving

4) Other Similar Topics

Information/Restrictions

* No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.

* Selected questions will be printed one time
on a space available basis.

* Questions may be subject to editing.

Helpful Hints

* Be brief but include all pertinent information.
If no one knows what you're asking, you won't
get any response (and we probably won't print
it either).

*» Write legibly (or type). If we can't read it, we'll
throw it away.

* Include your Name, Address, Phone Number,
and Email. Only your name, city, and state will
be published with the question, but we may
need to contact you.
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recommendations on the best buy in
cameras and software, assuming that
both parties have mid-grade
computers and cable modems, and
one user has his own web page.
#11034 Joe Ennis
via Internet

I would like to pick up the digital
transmissions of some law
enforcement agencies — such as the
LAPD — like an APCO 25 decoder
does. Bearcat has one available but
you have to buy their scanner
($300.00 or so) and add another
$300.00 for the add-on decoder
board, which is not cheap.

I own AR3000 and AR8000
scanners and AOR keeps telling me
that they are working on it, but as of
yet ... nothing. If this is feasable with
my scanners, can someone tell me
where to pull the detector output from
on the PCB?
#11035 Ted Demas
Woodland Hills, CA

| am a major audio and music
buff. [ would like to build a display just
like the one on an audio equalizer that
provides a visual display of the seven
major bands.

Does anyone have a circuit that |
could use to make this using LEDs? It
would really add to the setup | have
now with my LED VU meter.

#11036 Shon Kelly
Ottawa, Canada

Does anyone know of a simple
data logger | can use? | want to record
the time and date of each instance a
switch is turned on and off, and keep
it in memory.

#11037 Joel Fleuranceau
France
ljust bought a number of

Gateway 2000 4DX-66V computers at
a very low price, but they have a BIOS
password enabled that prevents them
from booting up. Is there a master
password that | can use just to get in?
#11038 Jeanette Jernigan

via Internet

[ would like to build an ultrasonic
cleaner suitable for small objects
(jewelry, watch parts, etc.). Does

NOVEMBER 2003
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anyone know where [ can find plans
or a kit?
#11039 John E.Wilford

via Internet

I need a circuit that will track a
changing voltage (+0.1 to +0.9 V) and
allow me to use a potentiometer to
create an off set of + 0 to 3 millivolts.
The sensed voltage fluctuates several
times a second. | need to be able to
adjust the offset to an average of 0.45
V. | have a supply voltage of 12 volts
available; this circuit is to track the
output of an automotive O2 sensor.
#110310 Bill Mayhar

via Internet

I want to build a current sensing
switch that will turn on an audio amp
when my television is switched on
with its remote. The switch might also
be used with higher current devices
such as an indicator on the heating
elements in my hot water heater. |
would like to use a pass-though type
sensor (toroid transformer?) so as
not to break the power circuit of the
device being monitored.

Any pointers to such circuits
would be appreciated.

#110311 William T. Stanton
Ardmore, OK

I'm looking for a temperature
sensing circuit that will light each of
three LEDs at approximately 80
degrees F, 90 F, and 100 F.

#110312 Matthew Seltzer
via Internet

| have two devices that connect
via serial line, call them A and B.
Each has its own mains-powered DC
power supply, but in one device (B),
power comes from an external
connection. How do | protect device B
against a supply polarity reversal,
taking into account the ground path
to device A through the serial line?

#110313 Luke Barker
via Internet
I need to rebuild the

rectifier/regulator in the charging
system of an old motorcycle, which
was destroyed by battery acid. |
chipped away the epoxy from the
circuit, but in the process, | gutted

NOVEMBER 2003

some of the components from the
heatsink. | have only been able to
make out a few of them — three SCRs
(25 A, 400 V, TO-220 style), some
1 K resistors, a small 5 K pot, two
small transistors (one is C2N5403,
the other is burned up), and three
small diodes (1N403).

What is the design of such a
circuit that regulates the battery
charging voltage even when the
generator RPMs change? Does
anyone have a replacement circuit |
can use?
#110314 Craig
via Internet

ANSWERS

[08033 - August 2003]

The PLL system of my Kenwood
R-5000 SW receiver went out and |
discovered that Kenwood OEM PLL
boards are dreadfully expensive.

There are five phase loops in
this system, but I’'m certain only
one or two components are bad
among the hundreds on the board.
I have a factory manual and have
access to (and am able to use) an
oscilloscope, VOM, etc., but have no
idea how to begin debugging the
circular system. It does not look like
the Kenwood website will help.

Here are some suggestions:

1. A possible answer may be
available at www.qth.net Once
there, from the 'select list,” choose
Kenwood and search through the
archives. Possibly, you may find the
answer. If not, sign on to the Kenwood
list and post the question. Many
times, someone within the group will
have the information. The Kenwood
TS 440 had a generic VCO problem.
With time, the 'goop' that held some
components  together  became
conductive. The solution was to
remove the goop and replace some
components.

2. Kenwood may have a service
bulletin on this subject. Go to
www.kenwood.net, jump to service
bulletins and search.

3. If both of the above fail, look at
the PLL board for 'cream color' hard
goop (hard synthetic rubber)
covering  several components.

Determine the circuit associated with
this area and check in the service
manual if it is a VCO. If indeed there
is such a situation, this is probably
the number one suspect.

The cream colored goop must be
removed, and associated parts
replaced. Kenwood Service Bulletin
SB 973 and 974 describe the
procedure for the TS 440. Use the
details in Bulletin 973 on how to clean
the goop.

Parts may be hard to find. A good
source is: East Coast Transistor Parts,
Inc., www.eastcoasttransistor.
com; (516) 483-5742.

| hope this helps.

Mort Arditti
Los Angeles, CA

[08034 - August 2003]

Is there any way [ can increase
the speed of the uplink connection
to my server? | am using the
WINVNC software. When I dial out,
| connect at 50 kbs. However, when
I dial into my server, | connect at
26.4 or 288. | know it has
something to do with a half duplex
connection.

The reason you connect at 26.4
or 28.8 when dial up your server is
because you are using a POTS (plain
old telephone service) line at both
ends of your connection. In order to
take advantage of speeds above 33.6,
both the modems and the telephone
lines between them must comply with
the V.90 standard.

A V.90 connection is only
supported on a communication path
that has only one set of analog-to-
digital and digital-to-analog con-
versions. | suspect that when you “dial
out,” you are referring to connecting to
your Internet service provider. Your ISP
has a bank of modems that connect
though a digital circuit such as a T1 to
the phone company’s central office.
The only way to remedy your low
connection speed is to install a digital
circuit to your server.

The most economical way to
achieve this would be to order a ISDN
BRI circuit from your phone
company. Depending on the local
phone company in your area, the
price may be reasonable. This would

Continued on Page |04 55
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FOR CINCINNATI AND VICINITY — Partly cloudy and warm, possi

images of soup kitchens, "Will Work for Food"

signs, and city streets filled with throngs of unem-
ployed men. However, the Depression years weren't all
gloom and doom. While business and finance ground to
a halt, technology was booming. In terms of new appli-
cations and demand, technology experienced almost
unceasing growth throughout the 1930s.

As the decade progressed, electricity extended into
rural areas. Automobiles became

Fr most folks, the Great Depression conjures up

from reading newspapers. (Why pay a nickel for a paper,
when you could listen to the news for free?) The wire
services that supplied newspapers with news and photos
refused to allow broadcasters access to their services.
The one news service that was formed to supply radio
stations with news — the Transradio News Service — was
the object of lawsuits by the conventional news services
almost before it started business. (Perhaps ironically,
some of the largest newspapers were either buying or

faster, safer, and more luxurious.
Aviation records were broken as
quickly as they were set. Advances
in medicine, entertainment, and
labor-saving appliances were
announced almost daily, and two
worlds' fairs showcased the marvels
of technology to come.

Radio was the star of technolo-
gy, and the growth industry of the
1930s, largely because it touched
the lives of nearly everyone. So, as

“Just the (radio)

more powerful transmitters were
built, more reliable receivers
poured from the factories. Deco style came to radio cab-
inets, and phonographs found their way into them as
manufacturers vied with one another to capture the mar-
ketplace. Novelties such as radio broadcasts from air-
planes and radio receivers in automobiles quickly
became the norm. Radio was not welcome in all corners,
however. Newspapers found radio a definite threat. It
competed for advertising dollars, and lured people away

|
|
|

|
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READO RAD

O PRINTING)
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WEATHER FORECAST
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FOR CINCINNATI ano
VICINITY = PARTLY
CLOUDY AND WARM,
POSSIBLY SCATTERED

establishing radio stations.)

Despite this enmity, there were people who hoped to
bridge a gap between radio and newspapers. One such
person was an engineer named William G.H. Finch. His
company — Finch Telecommunications Laboratories —
had developed a simple and low-cost system for trans-
mitting and receiving facsimile (now known as FAX) by
radio. He applied for his first patent in 1935.

Radio facsimile was nothing new. The first radio fac-
simile system was patented in 1905, and its earliest
application was transmitting weather maps and other
data to ships at sea (a practice that continues today). By
the early 1920s, news services were transmitting photos
by radio facsimile (the first wirephotos). Between 1926
and 1932, RCA established radio facsimile service via
shortwave between New York and London, San
Francisco, Berlin, and Buenos Aires.

In theory, radio facsimile transmission involved little
more than substituting a radio carrier wave for telephone
wires. But the reality was not that simple. Transmitters
and receivers were complicated and temperamental,
and usually required trained operators. Until Finch's sys-
tem, radio facsimile equipment was just too complex
and costly for most commercial

THUNDERSHOWERS }
SLIGHTLY COOLER LATE
THURSDAY,.

FOR OHIO -PamrTLY
CLOUDY FOLLOWED BY
HEAVY SHOWERS AND THUNDERSTORMS;
SLIGHTLY COOLER IN WEST PORTION.

el

o\

Figure I.To save space,
radio-printed newspapers
used simple text and
graphics. The print
quality was acceptable,
although the thermal and
carbon printing processes

applications.

Finch had three rivals: RCA,
General Electric, and Western
Electric, each a corporate giant
that might have crushed him. But
as a 1937 article in Business
Weelk put it, the Finch system was

left smudges.

v
o
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scattered thundershowers; slightly cooler late Thursday. FOR 0

"... the first to come out of the laboratory and into family
parlors."

RCA had begun negotiations for online versions of
four New York newspapers (The New York Times,
Herald Tribune, American, and World-Telegram) in
1935. But even though experiments were made over the
ensuing two years, no system was in place. Finch, on the
other hand, had sold three US radio stations on testing his
"radio printer" system by the end of 1937: WGH in

scanned. Electrical signals from the photocell varied with
the darkness or lightness of a given spot on the paper
being scanned. A carrier wave was modulated with these
signals, and the signal broadcast on an agreed-upon fre-
quency. The typical range was 25 to 50 miles, although
some experiments were successful at ranges of several
hundred miles — though not consistently.
At the receiving end, the radio signals were convert-
ed to electrical impulses. A stepper motor on the printer
moved a roll of paper 1/100-inch at

FAX, Ma’am?”

by Michael Banks

a time, after which a stylus would
glide across the paper's surface.
When the stylus' driving mecha-
nism received an electrical impulse
(echoing what had been scanned),
it pressed against the heat-sensitive
or carbon-backed paper, leaving a
black line. With this system, small
dots or long lines could be placed
on each line of the scrolling paper,
and an image would gradually be
built up, 1/100-inch at a time.
Participating broadcasters

Newport News, VA; WHO in Des Moines, IA; and KSTP of
St. Paul, MN. The broadcasters received FCC permission
to transmit radio facsimile signals in September of 1937,
and the first transmissions of "radio-printed" news were
made by KSTP the week of October 15, 1937. In
November, the lowa and Virginia stations were also broad-
casting radio-printed news.
The typical radio facsimile unit was housed in what
_ appeared to be (and usually was) a large radio or phono-
graph cabinet, with the radio receiver and printer housed
as one unit within. The systems printed the news on a
five-inch wide strip of paper that was either carbon-
backed or heat-sensitive. Carbon-backed

underwrote the entire effort as an
experiment. Each radio station that signed on with Finch
Laboratories placed 50 receiving sets in its broadcast
area at a cost of $125.00 a piece — an investment of over
$6,000.00 — the equivalent of nearly $200,000.00 today.
And that didn't include scanning equipment and transmit-
ter hook-ups. But broadcasters were optimistic, figuring
revenue from advertising and subscriptions would justify
the cost.

There were a few technical problems — the main ones
being keeping the printer synchronized (minor), and stat-
ic (major). As it turned out, facsimile broadcasts were not
as "tolerant" of static as voice broadcasts. A burst of stat-

paper was backed up by a second layer of
paper, on which images were made when a
stylus touched the first layer. Heat-sensitive
paper was similar to that used by 1970s print-
ing calculators and FAX machines. The
chemical treatment required for the latter
gave the paper a gray or green tint. And the
carbon-backed paper was a bit messy, but the
quality was acceptable. Text and images were
printed in black or dark gray in two columns.
Photos and half-tone artwork didn't come
through as well as in regular newspapers, but
line art reproduced nicely.
In operation, the scan-
ning end of a radio facsimi-
le transmission involved a
moving photocell passing
over text and image to be

Figure 2. Efforts were
made to educate the [
potential customer
about radio facsimile,
but without getting
overly technical.

THE NEW ART OF SENDING
AND RECEIVING PICTURES

Transmission of pictures on the normal broadcast-
ing band. 530 kilocycles to 1570 kilocycles, is now
limited to hours between 12 P.M. and 6 A.M. Some
stations are licensed to transmit facsimile from
high frequency broadcasting stations on 25 to 47
megacycles which are available for daylight opera-
tion. ere are a number of broadcasting stations
transmitting material that can be received on the
Crosley Reado Printer. More stations are being
licensed and equipped for this work and we believe
that it will be only a short time until material will
be available over the air in all excepting the more
remote sections of the country.

Crosley Reado
developments in-
clude an exclus-
ive processing
of the paper on
which messages
are received. A
clean, white sur-
face is presented
which is in direct
contrast with
other systems re-
quiring ink or
wet chemicals
and dark colored
paper.
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Can Build READO

Now Radio Hams — Amateurs

Figure 3. It was hoped
that radio facsimile would
have special appeal for
radio amateurs, who
were always seeking
new projects.

from Kits

sumers was nominal.

Fully appreciative of the amateur’s place in this new
art, Crosley now offers to the amateur the Reado kit cnwoes trat aute:
which, when assembled, is a complete Reado printer S
capable of printing all Reado transmission.

wawas awow rom
wvierits

Radio fans and especially “hams” in their natural en-
thusiasm for new developments in radio, combined
with the considerable saving in price of the Reado in
kit form, are anxious to get into the newest form of
radio transmission, facsimile. The opportunity of
sending and receiving Q.S.L. cards, photos, wiring
diagrams and printed messages by radio opens a new
field of interest to the amateur from which he will
not only receive new thrills but will find himself con-
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Rolls of heat-sensitive
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tributing many new ideas and developments to im-
prove this new art, just as he did in the earlier days
of voice transmission.

EVERYTHING
YOU NEED

would be increased by
only $0.20 per week.
Most stations

ic lasting no more than a fraction of a second could wipe
out several pages of a broadcast. Engineers were confi-
dent the problem could be solved, though.

By February of 1938, the Mutual Network stations
(WOR in New York, WLW in Cincinnati, and WGN in
Chicago) were conducting experiments with Finch
equipment. Before long, their owners signed on to the
program. WHK in Cleveland, Nashville's WSM, and
California radio stations KMJ and KFBK of Fresno and
Sacramento soon followed.

The FCC permitted stations to broadcast printed
news between midnight and 6:00 am. At the time, radio
stations routinely ended their broadcasts and signed off
the air at 11:00 pm or midnight, so the time slot was
ideal for delivering printed news before most people
awoke. Stations at first used

$ 4995 COMPLETE
KIT
worked with local news-

papers to provide the radio-printed news. (The excep-
tions were WHO and WGN, which used Transradio News
Service as their news source.) Advertising sales would,
of course, generate profits for all.

As enthusiasm grew, two radio manufacturers
moved in for a share. RCA had experimented with radio
facsimile messaging several years earlier, and lost little
time getting back on the bandwagon with the manufac-
ture of radio facsimile receivers. Crosley Radio
Corporation, which was heavily committed on the broad-
cast end through its ownership of WLW, went a step far-
ther. Its owner, Powel Crosley, Jr., licensed the Finch
patents and started building a low-cost version of the
Finch receiver. By January 1939, the Crosley factory
had manufactured 500 sets, and set up an assembly line

their assigned frequencies to
broadcast the facsimile news-
papers, but later changed or
planned to change to high-fre-
quency transmitters. Thus,
WLW conducted experiments
at 700 kilocycles, but planned
to switch to 20,000 kilocycles
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capable of turning out 100 sets a day. He dubbed the product.

receivers and the service "Reado." The public was invited to daily demonstrations of the
These moves by Crosley, whose inexpensive radio | system from January 14 through January 24. The venue
sets were, in large part, responsible for the immense pop- | was the swank Hotel Gibson on Fourth Street in the cen-
ularity and growth of radio from 1921 on, were a huge | ter of Cincinnati. Although the newspaper ads noted that
vote of confidence for radio-printed news. In industry cir- | Reado units were "Sold for experimental use only," it was
cles it was taken for granted that, if Powel Crosley, Jr., the clear that this was a serious consumer product.
man the press had dubbed "the Henry Ford of Radio," To round things out, the Crosley Reado was adver-
was involved in an endeavor, it had to be a sure thing. tised with a clever motto: "Radio for the Eyes as well as

As was typical of any Crosley product, there were cer- | the Ears." Radio facsimile printing was even demonstrat-
tain distinctive touches to Reado. Beginning with his first ed in the Crosley building at the 1939 New York World's
radio sets in 1922, Powel Crosley, Jr., always tried to beat Fair, alongside the Crosley Shelvador refrigerator and
the market with lower price sets. Reado was no exception. other appliances, radios, cameras, and the new Crosley
Printers were set to retail at $79.50, and designed to work automobile. All hosted by the Crosley Glamortone Gals,
with any radio. For $10.00 more, you could have an of course.

optional electric timer to turn the system on and off at It appeared that the delivery of newspapers by radio
preset times. A radio in a matching cabinet was also avail- | broadcast was ready to roll, and that Crosley would be the
able for an additional $60.00. leader in manufacturing the

The man who found that he could use Figure 5. Wiring
his decorative speaker housings to make CROSLEY CORP diagram for the Crosley
decorative electric fans (thus saving ‘Reado’ readio printer.
money on design and component costs)
found a similar way to reduce the produc- e 92 BLUE _ ke SREEM

tion cost on Reados. The Reado printer
was designed to fit into a Crosley radio
cabinet, and to be compatible with any
radio set. This meant that Reado cus- | SREEN |
tomers didn't have to buy the radio and the RED *.* ! o
printer together. It also meant that a cer-
tain Crosley radio model just happened to
match the Reado's "... handsome cabinet,
made of carefully-selected walnut
veneers." This Crosley model was, of
course, recommended for those wanting

96 4500w (2llip3 W
o
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optimum performance.

Crosley was noted for including some- : e i I
thing innovative in products he made, &ﬁgémw;‘wggmmw
whether it was a radio, car, airplane, or SLACK-TO & PiN ON RECTY
radio FAX receiver. In the case of Reado, RGIA _ o doaviotE
Crosley developed an improved heat-sensi- i
tive paper that delivered crisp images on
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white paper. Also enhancing image quality _(; w——
was the fact that Reado machines printed GREEN
- . . YELLOW
a little slower than the Finch receivers — AR RECEIER
three feet per hour, rather than five.
TRANSFORMER

All of this meant that radio FAX users
everywhere would be assured of a better-
performing product at a lower price — a FIG.2A FIG.2B

Crosley hallmark. : ®___
With the factory in production, Crosley d—- TRANSFORMER

launched a complete business and market- <
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ing plan for the receivers and the broad- Sl
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large ads for "Reado Radio Printing" in
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into the nation's living rooms. Text and pictures by
Figure 6. The radio just couldn't compete with television's moving
Crogley “R?-asid’ pictures and sound.
fadio facsii Still, William Finch hadn't lost his confidence in
system was sold in L k
component form. FAX as a mass communications medium, however.
The main unit — the | Right after World War II, he devised a new approach to
printer — was also | transmitting newspapers. He intended to FAX them
the most expensive, | gyer telephone lines into the homes of millions of pay-
but could be used ing Americans.

FO;N tl:,r;:: );o?s‘;ﬁbm Interestingly, his business plan included local and
decor was important, regional versions of the facsimile newspapers, plus one
there was a matching | "super-newspaper” for national consumption. (Shades
rgdio. A $10.00 of USA Today!)

gmi;;osl;zggr: That didn't go over, either. Television and radio
(convenient if you were more convenient, and people apparently preferred
went to bed early). their newspapers on newsprint. Finch's company
went bankrupt in 1952. (Fortunately, he was able to
license some of this technology to RCA over the next

receivers. But fate conspired against Crosley, as well as few years.)

noost 79% E

CROSLEY READO PRINTER

Finch, RCA, and all the broadcasters who had invested so There's little left of radio facsimile-printed newspa-
much in the radio facsimile system. Money was still tight pers today, save for the odd receiver/printer in a radio col-
in the late 1930s, and consumer response was less than lection or antique shop. In the 1940s and 1950s, radio

overwhelming. This made advertisers leery of the new amateurs used modified receiver/printers to pick up
medium. Without strong advertiser support and subscrip- broadcasts of FAX weather reports to ships, but there
tions, the service was doomed. By 1940, radio facsimile really wasn't much use for them, otherwise. That's proba-
newspaper delivery had ended. bly just as well. Even if radio-printed newspapers hadn't

The system might have been resurrected after World been Kkilled by television, it would never have survived the
War Il. By then, however, television was making its way Internet.
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4 LED Flashlight Ultra-Small 12 Vdc | DSL Filter

, Latching Relay Cisco Systems EZDSL j~
Aromat # TW2E-L-12V.

X ; jacks both sides. Includes
Compact, ruggeq, blaqk a-Iumlnum flashlight Miniature single coil latching 3" mod phone cord. DSL
provides a high-intensity light that can be seen relay. 12 Vdc, 1440 ohm polar-

filters eliminate interference

over a mile. Light is provided by four low-cur- ized coil. DPDT contacts rated 4
; : i . between your DSL line and
lrent|, h|g1h(-)b_r|ghtnless Wh':;:sEIDS‘ Soe t;]attekr- 2 Amps. Body size: 0.58” x 0.28" x 0.427" analog telephone lines. The resultis (o
i ik N - B ek high. PC pins. UL, CSA. CAT# RLY-87 clear, clean lines for your telephones, AN
resistant and water-resistant and have a long 07 770 o fix rachings. arewenng mashines, caNIE.
feecsing He TR i 7.5" lond X 0.7 $ 2—5 1ooofr s3.5 each and analog rr;odems Ingtalls betwéen wall ja'ck
] or 85¢ eac .
g'iﬂ?e:t(handz);;:;lfﬁi‘ $1 50 each and telephone. UL, CSA. Complies with FCC
e each [5"X 7" Electrolumy 7 strip)] part 68. CAT # FTR-100
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CAT # FL-5 each| when energized by 120 Vac or inverter. For I Miniature DC Motor I

backlighting control panels, special-effects Mabuchi # FF-N20PN. Miniature 1.5 to
Incredible Price! 12 Vdc 120mm| | lighting, models etc. Solderable pins extend 3 Volt DC motor. Ideal for models and

Cooling Fan w/ Screen 0.2" beyond end of panel. CAT# EL-5 radio control applications where small
size is important. No load rating:
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25 mm (1") wide cooling fan. = 0.039" (1mm) diameter x 0.13" long shaft.
Dual ball bearing fan pro- The Brlghtest!!! Solder-loop terminals. Large quantity available.

vides reliable output of
88 CFM @ 2600 RPM.
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for 50,000 hours @ 25 deg. C. Thermoplastic
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leads with 3-pin connector (0.1" cntrs). Third
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|7.2v 1200 mAh Li-lon Battery Pack|
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off-state. Standard T 1-3/4 package.

lead is for sensing rotation. Prepped with metal CAT # LED-94 10 for 65¢ each Qualcomm #TABAT0001
i @ | 100for50¢each | || | Rechargeable 7.2 Volt, 1200 mAh
CAT# CF-153 90 for $3.00 each each 1000 for 35¢ each battery pack for Sprint PCS phone,
00 450 for $2.25 each model #CM-D600S. Great for use in
990 for $1.50 each i i H any applications requiring recharge-
uv arge ntity Avail lass 2, ¥ app Halng 9
$ each 1980 for $1.30 each 9o Quantity Aviilistie Sl able power. Lithium-ion batteries

Wall Transformer 6 Vdc 800 Ma have no "memory-effect" and do not

- : need to be discharged before
256 X 64 Graphic LCD Panel White transformer and cord. i i i i
P 2.5mm coax plug. Center positive. recharging, 2.77" x1.5" x 0.78. $ 50

Epson # EG2404Y-AR Individually boxed. UL, CSA. CAT# LBAT-35 each
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\slii;vingf;eat $2.25 each each Includes 12Vdc, 300 mA wall power supply.
47" x1.5" AT# BC-
Includes hook-up diagram. $ 1 w 480 for $1.75 each A “ 9 $ 5_0

CAT # LCD-92 each || 960 for $1.25 each )= each
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NUTs & Vours

These Dummies Want To Make Your Home Smart!
Interview With The Authors Of Smart Homes For Dummies

task. Many of us start with an interest in one field
such as home theater or security), then want to
learn more. It can be a slow-learning curve to get up to
speed on lighting, security, electricity, whole-house audio
and video, computers, and all the other areas that home
automation incorporates. So in 1999, a couple of years
into my odyssey of giving my home some smarts, [ was
thrilled to have stumbled over the book, Smart Homes
for Dummies, by Danny Briere and Pat Hurley, now in a
second edition released earlier this year. (UPDATE: 384
pages, soft cover, $19.95, published by UPDATE Wiley

l earning about home automation can be a daunting

Publishing, Inc., ISBN: 0764525395, available online at ‘

www.amazon.com, www.dummies.com, as well as at
your local bookseller.) Briere and Hurley have also
released two new books: Home Theater For Dummies
and Wireless Home Networking For Dummies. They're
currently finishing another book for Wiley on Microsoft's
Windows XP Media Center Edition Operation System, an
OS which can either put a PC in the home theater, or run
the equivalent of a home theater on a PC.

If you've been put off by the title and concept of this
series ("Hey, I'm no dummy, | know enough about smart
homes to be reading Nuts & Volts, for gosh sakes!"), then
rest easy. Briere and Hurley's books are terrific sum-
maries of all of the areas of home automation that will
allow anyone to get "the big picture."

Focus on the Infrastructure

In Smart Homes For Dummies, Beire and Hurley
focus on concepts and technologies rather than products,
and especially on the infrastructure of a smart home — its
network of low-voltage wires and wireless technologies.
The idea is that you can always change the endpoints,
and what gets attached to them later. As Briere says,

4

"That's really what the goal of the book was — to put
together a big picture view, and a design paradigm for
people when they are approaching the topic of a home
for 20 or 30 years. You know, people will put a 20- or 30-
year roof on their house, but they don't think about that
when they come to do their wiring or things they put in
the wall.

"And that was one of the things that we really wanted
to get into people's heads," Briere emphasizes. "Put some-
thing into the wall that will last 20, 30, or even 40 years,
and worry about what you put on the endpoints later on.
Because once the infrastructure is in the walls, you can
change the endpoints and you can have all sorts of flexi-
bility in them. But if you rip out walls later on, it gets real-
ly expensive."

Another key goal in Briere and Hurley's books was
avoiding what they call "islands of technology.” As Hurley
says, "l think that a lot of people have some elements of
'smart' things in their homes. But not a lot of people have
thought about tying those elements together in sort of a
whole-home approach. And that's one of the things that
you face — people have these islands of technology. They
have a stereo system, DVD player, and Tivo, or Replay TV
box in their living room. But if they wanted to, and if they
had designed a home network, they could share those
technologies with other TV sets in the house — things like
that. The endpoint technology is quite popular and peo-
ple are coming around — | don't know if | have any num-
bers — but people are beginning to think in terms of the
whole-home for a lot of these things. Still, most people
have these things in their own little room."

Perhaps one reason for their emphasis on using
home telecommunication networks to tie a smart home
together is that unlike many home automation experts
who come at home automation through their mastery of
home-based technologies, Danny and Pat have made
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their careers in the telecommunication industry, prior to
writing Smart Homes for Dummies. Briere is CEO of
TeleChoice, Inc., which he started in 1985. "Today, just
about every major telecom player in the world is our
client," he says. And Pat Hurley is a consultant and DSL
analyst for TeleChoice.

Thinking Outside of the Box

Their background has helped them to come up with a
number of ideas that are "outside of the box" of the tradi-
tional home automation industry.

Their approach also grew out of a practical need to
expand their own knowledge base. In the mid 1990s,
Briere began to renovate his then recently purchased
house in Maine, to convert it into what he calls a "'vacation
home for the next 60 years' type of place.” Briere often
spends a month at a time both working out of there, and
spending time with his family at his primary residence.

When Briere began to ask his contractor about what
would be needed for a sophisticated home office in his
vacation home, Briere says, "He didn't know anything. And

we started talking to all sorts of people, and we went to var- |

ious stereo stores, and other people, and couldn't really
find anybody who knew anything."

Fortunately, Briere says that Pat Hurley, his friend and
associate, "has a lot of background in tinkering and he's
just very, very knowledgeable on the whole computer and
networking side of the equation. It became almost a hobby
trying to figure out how he could fix up my house. Finally
we said, 'You know what? We learned all this great stuff.' At
the time, we couldn't find any books on the topic, so we
said, 'Why don't we write a book on the topic?!"”

And the rest is home automation history. Because
Briere and Hurely had written previous books for IDG
Books (now a part of Wiley Publishing, Inc.), the first edi-

tion of Smart Homes for Dummies was put on the fast |

track for publication, and released in mid 1999.

Home Automation

Ed: What's new in the updated edition of the home
automation book?

Danny: The biggest thing that's happened in the
home automation book is the addition of WIFI. This has
come down so far in price and has just invaded the home.
And that invasion is going to continue. It's not just about
putting an access point in your house. But about creating
a wireless backbone, and then all of a sudden, everything
starts hopping on board.

With a wireless backbone in the home, all of your
video signals can come from one place. If you have an
MCE Windows PC in one part of the house, it could hop on
board that and transmit signals to other TV sets in the
house. You might be able to have one PC running multiple
TV sets. You might have the ability to dock your car when
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it comes into the garage with the wireless LAN and upload
and download things. So if you're going to take a trip, you
can download some movies to your car for your kids to
watch. These are all very realistic things that you can do
today, and the price points are just phenomenal. The sales
volumes involved with WIFI are bringing the prices down
for everything, for all these applications.

Another big change is the move from Cat-5 to Cat-5e
to Cat-6. We're seeing improvements in the underlying
wiring available for people to put in their homes. At some
point, people need to draw a line in the sand and say, 'This
is the type of wiring I'm putting in my house.’ But as you
get up in the Cat-6 and the higher level types of wiring, you
have to treat those very carefully — you can't run them the
same way you ran Cat-5 wiring or even RG-11 — the old
Cat-3 type wiring — because it's just more sensitive to
kinks in the cabling.

Pat: Another big change that has happened is the
whole idea of putting in structured wiring has moved from
something that just a few people did, to becoming very
mainstream. Most new buildings now are having some
form of structured wiring put in them. When we did the first
edition of the book three years ago, it was still fairly limit-
ed to just high-end homes.

Danny: Three years ago, | didn't have four PCs for my
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kids. | do now. Each kid has their own PC. They're com-
ing home with homework assignments saying, 'Look this
up on the Internet. Find me this.” My kids aren't that old
— I've got two that are 10 and two that are six. The six-
year-olds have become phenomenally adept at working
around the computers.

Another thing that you're starting to see making an
impact is the concept of the home server. The MCE plat-
form is the early stage of that. You can use what | would
call almost business-class software to meet certain appli-
cations. But to do a home server in your house, you real-
ly need to make sure that your wiring is set up well for
that, because wireless can only go so far in accessing
home servers.

Ed: And that was one of my questions — does it still
make sense to put a LAN in, considering how ubiquitous
wireless networking has become?

Danny: In a heartbeat, | would have no problem
whatsoever telling somebody to spend the extra money, if
they're building a new house, to put the wiring in the walls
to support everything.

Pat: You won't mess around if you have Cat-5, Cat-5e,
or Cat-6 now. Because | think there will always be a gap
— if you look at the price of fast Ethernet equipment, it's
basically nothing for a NIC for a 100-base-T Ethernet over
Cat-5e. And | think the Gig-E pricing will start coming
down to a really consumer-friendly level in the not too dis-

|
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tant future. In a lot of consumer PCs, if you buy a
Powerbook these days, it's going to have Gig-E built
onboard. And the infrastructure really doesn't cost any
more to get that higher speed, if you have Cat-5e or
Cat-6. You have a lot of growth potential in your wired
infrastructure.

Wireless is getting better. And yes, you can potential-
ly get 54 megabits a second out of 802.11G. But in the
real world, you're still getting maybe 20-25 megabits per
second, and that's really pushing it, if you want to do
something like sending HDTV video over your network.
There's not really a quality of service mechanism yet. |
think that will be solved over time, but | think that you
will always have a speed advantage on a wired network,
and it always makes sense to put it in, if you can.

Ed: | guess wired isn't going away — it sounds like,
in the next two or three years, people could be having
gigabit Ethernets in their home.

Danny: Using wire line — that's right. [ think that's
going to be very, very common, along with wireless,
which is great for getting the car to log on, for sitting by
the pool and logging on, for sitting in bed and logging on,
and for being able to go peer-to-peer.

Ed: When | read the Dummies book, | was surprised
that you weren't all that big on fiber optics in the home.
Has that changed any?

Pat: [ think that if you look at equipment that's in the
home, or that's being built for the home, there's very little
that actually uses fiber. The only place that you really see
fiber connections in the home is if you're using certain
kinds of audio or home theater equipment and put a
Toslink fiber optics link between a decoder and a sur-
round sound receiver or DVD player, or something like
that. And beyond that, there just isn't a standard — there
just isn't a way of doing it in the home that's been widely
agreed upon.

That's why we made that recommendation in the
book, because eventually people will find a way to put
fiber in the walls, and transfer video and things like that
over fiber. Right now, there's no future-proof, guaranteed
way of doing an installation of that kind of stuff and mak-
ing it so that it will work in the future, when something
actually comes about.

The one thing that we recommended in the book,
and we still believe, is that you put the conduit in, you put
some pull-cables in so that if something comes along,
you can upgrade to it. At this point in time, you can buy
fiber for your walls. People who sell some of those kits
that combine home networking wires with speaker wire
and phone wires and Cat-5 will throw fiber in there, but
there's really nothing that you can buy as a consumer
that you can hook up to it right now.

The Home Theater PC

Ed: The Home Theater For Dummies book, and the
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Authors of Smart Homes For Dummies,
left Pat Hurley, right Danny Brierre

book you're currently working on, about Microsoft's
Windows MCE OS are both built around the idea of PCs in
the home theater. | know in the past, the home theater PC
never really took off commercially. Phillips introduced one
commercially a few years ago, as did others, but they real-
ly didn't seem to have a long shelf life. Do you think that
having Microsoft involved with a proprietised operating
system will help push them into the home theater?

Pat: [ think it will. | don't know if it's a good thing or a
bad thing, because certainly some people would rather do
it themselves, but if you play with the Media Center edition,
it's really well-optimized for display on a TV — it's very well
integrated. The remote comes with it, you don't have to try
and program your audio jukebox program, and your DVD
and PVR programs to work together in a seamless way to
use the remote control very easily. So Media Center makes
it a lot easier — it puts a consumer-level front-end on the
stuff that you could already do yourself, if you were geeky
enough to get to do it. So | think it makes it more friendly
to the average consumer.

[ also think that just the fact that it's on XP and not on
earlier operating systems like those models from three or
four years ago, makes it a little more stable and you can
run it for days at a time without having to re-boot all the
time.

Ed: What do you need for a monitor for these things?
Can you plug it into an NTSC monitor, or do you need
HDTV?

Pat: Actually, every one of them will plug into an
NTSC monitor. It depends on the videocard, and what kind
of things you can do with a higher resolution monitor. They
don't explicitly support HDTV in the current version,
though you could have your videocard do a progressive
scan monitor, and upconvert what your NTSC content on
the machine is.

Danny: Clearly, that's the direction they want to go —
you've got the cost of plasma screens and HDTV coming
down, almost like it's falling off a cliff, right? So it's coming
down really, really fast. At the same time, you're seeing
efforts not only by Microsoft, but all the vendors to be able
to expand their support for being able to do everything
you're doing on a computer monitor, and being able to do
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that on your TV set.

So the question is, "What, what happens if you go and
buy a PC today to do a lot of your home theater needs? Is
it going to be obsolete in a year, or will | have to do a 'fork-
lift upgrade' in a year?" And I think the answer to that is no.
Because it's all very modular, and if you need a new card,
you can add a new card. And if you need some more stor-
age, you can add it to a USB port on there, and add some
USB storage. There are a lot of options that are opening up
with wireless to be able to communicate around the house.

So [ think that the reason why you've seen the big
jump in the number of players that are supporting this soft-
ware (and major players) is because it's hitting the main-
stream. And | think another reason why now, as opposed
to two years ago, is that two years ago, a lot of people were
still buying their first PC. The media center PC is really
geared toward people buying their second and third PCs.
They'd love it to be everyone's first PC, and [ actually think
that anybody buying their first PC should seriously consid-
er getting an MCE PC, particularly if they live in an apart-
ment or a small place, because they can really play a dual
role of being a PC and an entertainment center. It's pretty
fun stuff.

You have to look at the demographics — the media
center PC is a higher-end demographic. Those people have

been already migrating up to plasma, to the nicer TV sets,
and to some of the projector stuff. It's the mid to high end
of the marketplace. But somebody who doesn't have a lot
of money and is buying their first PC, they're probably not
going to be buying an MCE.

Pat: Or they might be buying an MCE with a 19-inch
LCD screen and using it in a small room to watch TV or
watch movies — things like that.

Ed: So an MCE system could be a home theater in
your PC, as opposed to a PC in your home theater?

Pat: Yes. | think that part of the target market for MCE,
and one of the markets that they've had more success in,
is people in dorm rooms and small apartments, where you
just buy a relatively big monitor, you plug your cable TV
into it, you rip all your CDs onto it, and if you're not sitting
15 feet away, then the picture is big enough. If you're sit-
ting at your desk, you have a relatively good home theater-
type experience. They come with surround sound
speakers in a lot of cases, and you get sort of a mini-home
theater.

But it can go either way — you can have the monitor
and you can also separately hook it up to your big screen
TV. You can hook it up to your big screen TV only, and not
really use it for productivity applications that much. It's
pretty flexible about how you use it.

NUGTs & Vours
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BIPOLAR TRANSISTOR
COOKBOOK — PART 5

Ray Marston describes a variety of practical oscillator

by Ray Marston

and white noise waveform generator circuits in this

month’s edition of an eight-part series.

he two most widely used types of transistor wave-

I form generator circuits are the oscillator types that

produce sine waves and use transistors as linear

amplifying elements, and the multivibrator types that gen-

erate square or rectangular waveforms and use transistors
as digital switching elements.

This month'’s installment describes practical ways of
using bipolars in the linear mode to make simple, but use-
ful sine wave and white-noise generator circuits. Next
month'’s edition of the series will deal with practical multivi-
brator types of bipolar waveform generator circuits.

OSCILLATOR BASICS

To generate reasonably pure sine waves, an oscillator
has to satisfy two basic design requirements, as shown in
Figure 1. First, the output of its amplifier

quency-selective network (A2) in such a way that the sum
of the amplifier and feedback network phase shifts equals
zero degrees (or 360°) at the desired oscillation frequency,
i.e., sothatx® +y° =0° (or 360°). Thus, if the amplifier gen-
erates 180° of phase shift between input and output, an
additional 180° of phase shift must be introduced by the
frequency-selective network.

The second requirement is that the amplifier’'s gain
must exactly counter the losses of the frequency-selective
feedback network at the desired oscillation frequency, to
give an overall system gain of unity, e.g., A1 x A2 = 1. If
the gain is below unity, the circuit will not oscillate, and if
greater than unity, it will be over-driven and will generate
distorted waveforms. The frequency-selective feedback net-
work usually consists of either a C-R or L-C or crystal filter;
practical oscillator circuits that use C-R frequency-selective

filters usually generate output frequen-

(A1) must be fed back to its input via a fre- +9V to +18V

cies below 500 kHz; ones that use L-C
frequency-selective filters usually gener-
ate output frequencies above 500 kHz;
ones that use crystal filters generate
ultra-precise signal frequencies.

C-R OSCILLATORS

The simplest C-R sine wave oscilla-
tor is the phase-shift type, which usual-
ly takes the basic form as shown in

o 0 cpand
Phase shift = 180" at fo = 14RC
Vi Vo =298t f,
r - ) ¢] £z ea
10n 10n 10n
C C C
e s T A==29
'In' R R 'Out' Oiﬂ
3 rrrov
Figure 2. Third-order, high-pass filter used Figure 3. 800 Hz phase-shift
as the basis of a phase-shift oscillator. oscillator.

Figure 2. Here, three identical C-R high-
pass filters are cascaded to make a
third-order filter that is inserted between
the output and input of the inverting

(180° phase shift) amplifier; the filter

Conditions for oscillation:

Frequency-selective X0+ yo= 00 (or 360°)

network with
gain = A2
Phase shift = y° at f

<
~

Condition for sinewave generation:
A1+A2=1

Amplifier
with gain = A1,
phase shift =
x0 at fo

b——— Out

Y

Figure |. Essential circuit and conditions needed for

sine wave generation.

gives a total phase shift of
180° at a frequency, fo, of
about 1/(14RC), so the
complete circuit has a loop
shift of 360° under this con-
dition and oscillates at fo if

Feedback

x3 Non-

L“%‘,iﬁ}.'é“r the amplifier has enough
fo = 1/(8.28CR) gain (about x29) to com-
pensate for the filter’s loss-

es and, thus, give a mean
loop gain fractionally
greater than unity.

Note in Figure 2 that
each individual C-R high-

L
Wien network

Figure 4. Basic Wien
oscillator circuit.
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pass filter stage tends to

- ; 9V to +12V
pass high-frequency sig- ——
nals, but rejects low-fre- %Ra ‘R:7 %Rs R1
quency ones. lts output is 27k r

3 dB down at a break fre-
quency of 1/(2 RC), and
falls at a 6 dB/octave rate

as the frequency is
decreased below this
value. Thus, a basic 1 kHz

filter gives 12 dB of rejec-

tion to a 250 Hz signal,
and 20 dB to a 100 Hz
one. The phase angle of

Figure 5. Practical | kHz Wien oscillator.

Figure 6. | kHz Wien bridge sine wave generator
with variable-amplitude output.

|

the output signal leads
that of the input and equals arctan 1/(2fCR), or +45° at fc.
Each C-R stage is known as a first-order filter. If a number (n)
of such filters are cascaded, the resulting circuit is known as
an “nth-order” filter and has a slope, beyond fc of (n x 6
dB)/octave.

Figure 3 shows the circuit of a practical 800 Hz phase-
shift oscillator that can operate from any DC supply in the
9V to 18V range. To initially set up the circuit, simply trim
RV1 so that the circuit generates a reasonably pure sine
wave output as seen on an oscilloscope — the signal’s out-
put level is fully vari-

they have fairly poor
inherent gain stability,
and that their operat-
ing frequency can not

able via RV2. ] +6V to +18V
Major disadvan- | T1
tages of simple phase- 47k ‘"
shift oscillators of the | { e ;
Figure 3 type are that } ng ;: 100pH Sg-zsopp
[ I
| "

easily be made vari- Out |
able. A far more versa- | c2 l ‘
tile C-R oscillator can [ 47n

be built using the Wien

bridge network.

Figure 4 shows the
basic elements of the
Wien bridge oscillator.
The Wien network con-
sists of R1-C1 and R2-
C2, which have their
values balanced so that
C1=C2=C, and
R1=R2=R. This net-
work’s phase shifts are
negative at low frequen- l
cies, positive at high |
ones, and zero at a cen- |
ter frequency of
1/(6.28CR), at which
the network has an
attenuation factor of
three. The network can
thus be made to oscil-
late by connecting a
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Figure 7. Tuned collector feed- '
back oscillator. |
‘
‘

Figure 8. Basic Hartley

oscillator.

|
!
L

non-inverting x3 high input impedance amplifier between its
output and input terminals, as shown in the diagram.

Figure 5 shows a simple fixed-frequency Wien oscillator
in which Q1 and Q2 are both wired as low-gain common-
emitter amplifiers. Q2 gives a voltage gain slightly greater
than unity and uses Wien network resistor R1 as its collector
load and Q1 presents a high input impedance to the output
of the Wien network and has its gain variable via RV1. The
component values show that the circuit oscillates at about 1
kHz — in use, RV1 should be adjusted so that a slightly dis-
torted sine wave output is generated.

Figure 6 shows an improved Wien oscillator design that
consumes 1.8 mA from a 9V supply and has an output
amplitude that is fully variable up to 6V peak-to-peak via
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Figure 9. 37 kHz Colpitts oscillator.

Figure 10. 80 kHz Gouriet or
Clapp oscillator.

77770V

Figure I1. Basic Reinartz
oscillator.

RV2. Q1-Q2 are a direct-coupled complementary common-
emitter pair, and give a very high input impedance to Q1
base, a low output impedance from Q2 collector, and non-
inverted voltage gains of x5.5 DC and x1 to x5.5 AC (vari-
able via RV1). The red LED generates a low-impedance
1.5V that is fed to Q1 base via R2 and therefore biases Q2’s
output to a quiescent value of +5V. The R1-C1 and R2-C2
Wien network is connected between Q2’s output and Q1’s
input, and in use RV1 is simply adjusted so that, when the
circuit’s output is viewed on an oscilloscope, a stable and
visually clean waveform is generated. Under this condition,
the oscillation amplitude is limited at about 6V peak-to-
peak by the onset of positive-peak clipping as the amplifier
starts to run into saturation. If RV1 is carefully adjusted, this
clipping can be reduced to an almost imperceptible level,
enabling good-quality sine waves, with less than 0.5% THD,
to be generated.

The Figure 6 circuit can be modified to give limited-
range variable-frequency operation by reducing the R1 and
R2 values to 4.7K and wiring them in series with ganged
10K variable resistors. Note, however, that variable-frequen-
cy Wien oscillators are best built using op-amps or other
linear ICs, in conjunction with automatic-gain-control
feedback systems, using various standard circuits of this
type that have been published in previous editions of this
magazine.

L-C OSCILLATORS

C-R sine wave oscillators usually generate signals in the
5 Hz to 500 kHz range. L-C oscillators usually generate
them in the 5 kHz to 500 MHz range, and consist of a fre-

quency-selective L-C network that is connected into an
amplifier’s feedback loop.

The simplest L-C transistor oscillator is the tuned col-
lector feedback type shown in Figure 7. Q1 is wired as a
common-emitter amplifier, with base bias provided via R1-
R2 and with emitter resistor R3 AC-decoupled via C2. L1-C1
forms the tuned collector circuit, and collector-to-base feed-
back is provided via L2, which is inductively coupled to L1
and provides a transformer action. By selecting the phase
of this feedback signal, the circuit can be made to give zero
loop phase shift at the tuned frequency, so that it oscillates
if the loop gain (determined by the turns ratio of T1) is
greater than unity.

A feature of any L-C tuned circuit is that the phase rela-
tionship between its energizing current and induced voltage
varies from -90° to +90°, and is zero at a center frequency
given by f = 1/(2 LC). Thus, the Figure 7 circuit gives zero
overall phase shift, and oscillates at, this center frequency.
With the component values shown, the frequency can be
varied from 1 MHz to 2 MHz via C1. This basic circuit can
be designed to operate at frequencies ranging from a few
tens of Hz by using a laminated iron-cored transformer, up
to tens or hundreds of MHz using RF techniques.

CIRCUIT VARIATIONS

Figure 8 shows a simple variation of the Figure 7
design — the Hartley oscillator. Its L1 collector load is
tapped about 20% down from its top, and the positive sup-
ply rail is connected to this point; L1 thus gives an auto-
transformer action, in which the signal voltage at the top of
L1 is 180° out of phase with that at its low (Q1 collector)
end. The signal from the top of the colil is

+9V
R1
c2 470k
100n 1n0

+9V

fed to Q1’s base via C2, and the circuit
thus oscillates at a frequency set by the
L-C values.

Note from the above description that

Q1
2N3904 L

ci L1 i T c1 L1
il % c: i il

oscillator action depends on some kind
of common signal tapping point being

made into the tuned circuit, so that a
phase-splitting autotransformer action is

Figure 12. Emitter follower version
of the Hartley oscillator.

770V

Figure 13. Emitter follower version
of the Colpitts oscillator.

obtained. This tapping point does not
have to be made into the actual tuning
coil, but can be made into the tuning
capacitor, as in the Colpitts