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• High quality cabinet

• Extra coo ling fan

• 200-wall fan-cooled supply

• Std. D25 rear panel conn.

• SCSI ID switch included

• New, HSC 90-day warranty

ATX Rack Cabinet

VideoWAVE Editor!
• 'CommandPost' console w/pro-features

• Powerful editing, loads of features

• Edit video like the pros!...

• Swirl, ripple, fade , ~
shadows , animations!

. 2 CDs w/tons of templat es

• New, retail boxed, 90-day warranty

'RAID' Controller!

• Rugged construction, perfect for servers

• Supports all std. ATX motherboards

• Industry standard 4U height , 250W p.s.

• New, boxed , HSC 90-da y warranty

• Closeout price - While Supplies Last !

HSC# 80541 $89.001

• 'Mylex' Model No. 960P-3

• Up to 32MB , 36-b it SIMM , (4MB min.)

• 1 to 45 drives as one logical drive

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

• ONLY $19.50 w/ANY SCSI Hard Drivel

HSC# 19427 $29.50

9.1GB Ultra SCSI

HSC# 19656

• Seagate ST19171WC, eO-pin SCA

. 7200 RPM , 4.17mS avg. latency

• Average seek: 9.5mS

• HSC 90-day warranty

• HSC Speclall l. ..get our
'SCS3700' SCA to SCSI 1 adapter
Reg. $12.50...for SL.5Qwlthis drive l

HSC# 18753 $14.00!

Photomultiplier Tube
• Hamamatsu R1477 series

• 185 - 900 nm, Peak @ 450 nm

• Radiance @450nm:eOmAIW ,
Luninous: 375uAl Im

• HC123·01 HV pwr. supply included!

• 11.5-15.5VDC in, 300-11OOVDCout

• Custom enclosure with mounting tabs

HSC# 19753 $195.00!

HSC#19703

$24.95

$14.95

PCMICASCSI
#19160 $35.00

80W Power Supply
#18415 $5.00

Wireless Bridge!

..
!

50 Wall Woofer
#19623 $8.00!

1U Rack Cabinet

• Proxim 'Symphony' series ...

• 2.5GHz - 1.6Mpb s
• Range : up to 150 feet

• Symphon y & HomeRF compliant

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

• Heavy grade, std 19" spac ing

. 15 5/8"W x 16"D x 1 3/4"H

• Reversable mount ing flange s

• Pulls from wrkg service, some scratches

Hitachi Color Camera
(lens not included)

• Model No. KP-D580

• .02 - 100,000 lux!

. 480 x 350 TV lines

. 768 Horiz. x 494 Vert. 12VDC @480mA

• Power supply, operating manual inc!.

• Brand new , boxed, 90-day warranty

HSC# KPD580 $295.00!

Term s: Some quantiti es limited; all items are subject to prior sale. Mini mu m order:
$10.00 pl us shippi ng. Orders under $20.00 subject to $2.00 handl ing fee, in addition
to shipping. All order s shipped by UPS Surface unless otherwi se specified. $6.00 UPS
charge added for COD. Visit our websit e for detailed information on domestic and
international shipp ing methods.

Internet Video Phone
#19442 $5.00

$14.50 HSC# 19737

$21.95

4.3GB SCSI HD
#18412 $10.001

Blowout Specials!!...

Wireless Gateway !

$24.50 HSC# 19744
---------

Since 1963!...

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

II

7-Bay Cabinet Dot Matrix Display
#80544 $20.00 #19429 $8.00

9.1GB SCSI HD
#18753 $14.001

95051

AC/DC VHF Video Player Keypad Mouse 20x4 LCD
#19048 $10.00! #80539 $3.00 1 #19399 $7.00

Lowest Prices Ever!!

Solder Pots
• 110 Wall handy des k-top unit~

• Perfect for hobby or small jobs -

IHSC Deall ..Buy 3 or mor e Proxim Products & We Kn ock Off 20% Of ThatTotalll l

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

Wireless PCI Card! PCMCIA LAN Card!
~e-

420VAl252W UPS!
• Powerware 3115 Series '3' Protection

HSC# 19745

. 600 Wall - larger capac ity

• For larger objects/multiples

HSC# 19743

Cordless USB Adap ter!

~
HSC# 19738

• Includes power management softwa re

• User replaceable ball eries

• User selectable voltage ranges

• New, boxed, 90-day warranty

• For PCs, workstations, networks~e!

• Speciall! ...3 fo r $99.00!! ...

HSC# 19346 $37.50!

HSC#AEEC10P $32.00!

HSC#AEEC60P $97.50! HSC#19437MllW...21$19.95!

$49.95

3 RetaillWholesale Locations:
Main Off ice -Mail Orders...
3500 Ryder St. Sant a Clara, CA
Santa Clara 1-408-732-1573
Sacramento 1-916-338-2545
Rohnert Park 1-707-585-7344

. 105 - 125VAC input

. 0-130VAC out @ 20A

. 8"W x 10"D x 8"H

• Uniphase Model No. 2214-20SLMD

Win-based Terminal

• Virus-p roof - high security

• Easy access to serve r apps.

• Up to 32 users/server s, tiny footprint

.Std. VGA & 10BaseT network conn.

• Mouse, keyboard & power supply incll

$39.95

• Fits in PCMCIA slot

• For sensitive files/databases

• Personal access security system

• Restricts unauth orized access

• Com es with 2 cards, diskell e, manual

• New, retail-boxed , 90-day warranty

Blue Argon Laser!

2kW Variable Xfmr
c.&f,
_ :,./1

.". . : ;1
I~

• Mete red output , illumin ated power
switch, panel fuse, carry handles

• Large adjusment knob with scale

• New, boxed, 90-day warranty

HSC#AEEC2090 $95.00

HSC# 19433 $19.95

. Uniphase Model No. 4301-010

• Compact 10mW , Green

• Pwr supply/cables inc!.

• Power required : 5V @ 8A

• 1.5" x 1.5" x 4.0" (w/o heatsink)

• Removed from working service

• HSC 30-da y warranty

HSC# 19763 $495.00!

SmartCard Reader





Q&A
n of commonly asked

optolsolators, and 555
iz for the readers!

MICRO MEMORIES
Return to the salad days of CompuServe.

LET'S GET TECNICAL
More on foundational binary logic, the DeMorgan
laws, and how to identify redundant logic gates.

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

PERSONAL ROBOTICS
Robots as ... art?

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

ELECTRONICS
What's Up:A
questions are an
timer techniques. .A:

JUST FOR STARTERS
An introduction to synchronous logic, state-full
circuits , and D flip-flops.
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7 IN THE TRENC
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8
Wake up, smell the coffee, and read the latest
news on your private FAX machine!
by Michael Banks

HOME AUTOMATION FOR DUMMIES
An interview with the authors of this new book.
by Ed Driscoll, Jr.

BIPOLAR TRANSISTOR COOKBOOK
Part 5 of 8: Ocsillator basics: CoR,crystal, and L-C
from audio up to RF.
by Ray Marston

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

EXTENDED RANGE TOUCH SWITCH
Dodge AC interference with long wires .
by Paul Florian

CLANGORA PERCUSSION SYNTH
ApplyVCO and VCA designs to build an
electronic hi-hat.
by Thomas Henry

2

8

2
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ROBOTICS RESOURCES
Now in SERVO Magazine.

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; RIM sues a seventh grader
... and more!
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Reader Feedback

Dear Nuts & Volts:
This is a humble request for the

ed itorial staff of Nuts & Volts to press
their contributors to publish source
code . to microprocessor dr iven
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 pro gramming.

Edward W. White
via Internet

Dear Nuts & Volts:
I thought I would just send you a

note thanking you for the excellent
"Let' s Get Technical " column by
James Antonakos in the Sept. 2003
issue. I just substituted VT "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
hav ing an inkling on the basics! I teach
grade 9 to grade 13 here in London,
Ontario. I incorp orate 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, I 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 me asured
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
compon ents together, they learn the
co lor code quickly, they learn Ohm's
law, Kirchoff's series circuit laws, how
to use a DVM, and how to use a power
su pply. And it enforces the idea of
measuring across each resistor to get
voltage drops - all at little or no
expense to the school - an d 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 art icle

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 Se ptember

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 late r 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 I
misspelled ...

Jonny
San Diego

This was my fault, du e to the
ambiguity of using kHz in RF us.
KHz in digital computing. IEEE
suggests kHz, though I presume th e
readers of Nuts & Volts are smart
enough to infer contex t, and not
con fu se MHz w ith Molar-Hertz.

- Ed itor Dan

Dear N uts & Volts :
I was a Pop tronics subscriber that

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

However, I 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 Equ ipment
Corp. Alpha. The first Alpha was the
DECchip 21064 introduced in
February of 1992. I have been using
DEC Alpha based 64 bit processors
for nearly its entire lifespan. I am
typing this message on a dual

Continued on Page 74

Hli? liRE "{tu TJI~O"'IHEr / I3Rct\Ttl THE: BRSEMHrr...
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by J. Shuman
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SG-2020
7itmuceiveJt
Cat. # 05·04

(;Jo t lVolc:te?
G ee AO§P2/

•

Circl e #127 on t he Re ader Service Card .

Visit
WWW.sgcworld.com

for more information
on the entire line

of ADSp2 solutions .

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 tri ps.

DeLuxe
performance
in a back-to-basics
design: The 5G-2020 AD5p2
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TechKnowledgey
2003 Events, Advances, and News

From the Electronics World
Advanced
Technologies

VLBA Reaches Age Ten

I 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 funct ion
as a single instrument.

Acting like a S,OOO-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 Ange les.
Major achievements of the VLBA

8

include the most accurate distance
measurement ever made of an object
beyond the Milky Way, the first map­
ping of the mag netic 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 grav ity, and other
notable observations.

Computers and
Networking
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 as 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® Gef'orce"
4 440 Go graphics chip . It features a
IS-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 you r
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
gag es , Russian brides , herbal Viagra ,
huge sums of cash from Prince
Kwame Kuffor of Ghana, and, of
cou rse , pen is enlargement pills. (I
have yet to encounter an offer for
pen is reduction pills, which shows
how little Ema il marketers know about
the ir intended customers.) But the
folks at Hiveware (www.hiveware.
com) have developed a way to avoid
that (at least unt il 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 resu lt­
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 maUto:
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 as x
10.2 (J agua r), but Hiveware also
offers the Enkode Tool command-line
version , which is ava ilable for
Windows, Linux, FreeBSD , and the
Mac as.
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RIAA Shows Its Fangs

interconnect technologies.

I f you think the Recording Indust ry
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-

Affordablethree servo walker with
time-tested rock-solid design l
Your choice of controllers!
• BASIC Atom, ---=
• OOPic-R, -C
• BASIC Stamp-2
Precis ion Laser-cut
Lexa n material, with
optional knockouts for
adding pan & tiltcam era, or
panning ultrason ic se nsor!
All hardware construction using
co mmon hand tools , no glue or tape !
Supports IRPD, ultrasonics a nd whiskers!

We stock over 130robotics items ranging from; motors, hubs and wheels,
sensors and electronics, tocomplete 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

Introducing the Redesigned Hexapod 1

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 po int 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
pute rs, a list that currently includes no
Macintosh machines. Virginia Tech will
use the cluster to perform research on
nanoscale electronics, chemistry, aero­
dynamics, mo lecular 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.mellan ox.
com). Infiniband , which was developed
by a co nsortium of server and storage
companies, was designed to provide
greater bandwidth than other

Industry and the
Profession
Library of Congress to
Offer 80,000+ Movies

I 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 , nati onal archives, museums,
and broad casting 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
imag es of the nation's most treasured
a nd important im ages , including
archives in the nati onal Smithsonian
to vide o from the Hubble telescope,
all as one res ource that is accessible
over the Internet. When completed ,
the MIC will work much like an
Intern et search engine except that it
will be modified to locate moving
ima ges 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 ga te to the dat abase and permit
users to search and locate the mov­
ing images. After finding the video
ima ges 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

A 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
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thing there by the time you read th is.)

Circuits and Devices

Portable Solar Power
Up to 20W

A rela tive lY new develo pment
from Canada's lCP Global

Technologies (www.icpglobal.com)
is Battery SAVER FLEXTM, a portable
solar panel that can be used not only
for charging batteries but a lso as a
direct power source for GPS un its , ce ll
phones, la ptop compute rs , and ot he r
portable devices (using the optional
12 V powe r socket).

The un it incorporates technolo-

gies developed by NASA and the m il­
itary, us ing non-breakable copper­
indium-gallium diselenide cells that
a re 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,
a nd even (as shown) on backpacks
for use while hiking.

When not in use the pa ne l ca n be
rolled up and stored in a bottle or tube.
BatterySAVER FLEX panels a re ava il­
able in 5, 10, and 20 W configurations.

Availab le from online stores such
as Boat US (www.boat us-s tore.
om ) and West Marine (www.westma­
rlne.co m ), they will set you back by
about $ 150 .00, $250.00 , and $480.00,
respectively, including a th ree-year
warra nty.

Audio Amp Eliminates
Bypass Capacitor

N ationa l 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 ne w architecture
improves power supply rejection rat io
(PSRR) a nd provides fast tu rn-on
times, making the dev ice suitable for
applications in small, po rtable devices
such as mobile phones and notebook
computers.

Designed to improve overa ll sys­
tem pe rformance, the LM4906 is
capable of de livering 1 W of continu­
ous ave rag e power to an 8-ohm
bridge-t ied load (BTL) with less than
1% total harmonic distortion plus
noise (THD+N) from a 5V DC power
supply. The LM4906 ha s an interna l
selectable ga in of eithe r 6 or 12 dB. It
does not req uire out put coupling
ca pacitors or bootstrap ca pacitors.

The LM4906 co nta ins advanced
pop-and-click circui try that eliminates
noise du ring turn-on and turn-off tran­
s itions. Add itionally, the LM4906 fea­
tures a low power consumption shut­
down mode (the part is enabled by
pulling the shutdown pin high ) and an
inte rna l 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. NV
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Let's Get Technical by Jomes Antonokos

Electronic Theories and Applications From A to Z

Let's Get Technical
There's More Simple Stuff?

Do You Know Your I, 10, I 15?

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

I 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 I 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 po ints of digital design! But
it's a fact that to ignore the simple
mathematics of Boolean algebra

A

o
o
I

I

B

o
I

o
I

F

o
o
I

I

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
cu it 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 vers ion 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 0

0 I I

I 0 I

I I I

F = AB + AB

Figure 3.
O r iginal Circuit

with Boo lean
terms added .

A---------1

F

Figure I . Simple
digital circuit

w ith two inputs
and one output.

A-----_...-;

B
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Let's Get Technical

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,
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

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
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

13
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~ <=> =L>-
AB A+B

~ <=> =D-
AB A+B

=D- <=> =CY-
A+B AB

=D- <=> =0-
- -
A+B AB

(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 or ig­
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
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required to complete the modifica­
tion. If there are no spare NAND
ga tes 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
between the various two input logic

gates. These relationships are covered by
DeMorgan's Theorem, which requires the
inputs of one logic functi on to be inverted
to mimic the beh avior of a different logic
function.

Additiona lly, it pays to remember other
gate substit utions that a llow us to mimic the
operation of the inverter. For example, a
NAND ga te may act like an inver ter by (a)
tying its inputs together and applying a com­
mon input, or (b) pulling one input high with
a pull-up res isto r to +5 volts and using the
secon d inpu t for the input signal. A look at
Figure 6 supports this cla im.

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 inpu t tied high) to obtain the inver­
sion function as well.

So , a good digital designer uses a little
Boo lean algebra , a little pa ttern recognition ,
and knowledge of basic gate substitution s to
build sim plified , cost-effective circuits. Even
though these techniques, a nd many
othe rs , ma y be au tomatic ally applied by
so ftware in a digital-design package, it' s
worthwhile to understan d them an d be able
to use them. Not all digital circui ts require
programmab le logic devic es , but they all
need simplification. NV
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Understanding, Designing, and Constructing Robots and Robotic Systems

Personal Robotics
Robotics as an Art Form

A closeup of
the RoboPede

prototype.
I

treat my robotics proj­
ects as free -form a rt
more than engineering.

In my professional career
as an electro-mechanical
systems engineer, I bur y
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 .

But when I get home at
night , I 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 explo re, experiment, and rea lly
just follow my intuition.

The RoboPede I 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 pa ir 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 lb. centipede- like
creature.

Goal Seeking

When I decided to build this con­
traption, I had a certain goal in mind.
I had a pile of motors from Escap,
and new lsol'od" from New Micros,
Inc. - I wanted to use allof the timers,
PWM, and analog of this board. The

18

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?
I knew th at simply slapping that
many motors onto a stiff chassis
would be uneventful. Of course, I also
wanted to build something unique.
How could 12 motors be useful in
driving a robot? The bod y would have
to be something other than rigid. I
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 an imated - almost life-like. The
idea of segments - all driving for the
same goal - held an unstated prom­
ise. I couldn't express in words what I
expected, but I knew it was a kinetic
form that I wanted to explore.

A Joint Effort

The key to building this centipede

properly would be the
mecha nica l joint between
segments. I had fretted over
the design for qu ite a while,
and I wanted my first
attemp t to be relatively sim­
ple. I wanted to allow the
device to have relatively
free pitch and yaw, and lim­
ited roll. I came up with sev­
eral different ideas, each
one seemingly more com­
plicated than the next.

An explorat ion trip to
the hardware sto re was the
inspirat ion I needed.

Sprinkler "cross" joints turned out to
be a very close match to the bodies of
my motors. With a little machining,
the motors cou ld be pressed in. The
real gem from my looking around
was the springs I found , which fit into
the sp rinkler joints with a little forc­
ing. The springs were made of heavy
wire, and allowed the segments to
move just the way I wanted them to.
The idea of the body came together.

Ideas From MIT

Now, what should I put on the
ends of the motor for "motivators?"
The right thin king about hubs and
wheels eluded me for a while, too . I
had seen "whegs" on an MIT webs ite,
and decided I would give them a try.
"Wheg" is a contraction betwee n
wheel and leg, and is essentially three
sticks stuck into a hub. I did some
speed and torque ca lculations in my
head based on the ma ss of my
motors and batteries , and had some
whegs las er cut out of polycarbonate.

I mounted them on the motor
shafts and they looked good. I figured
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Degrees of freedom between body segments
of theRoboPede.To maintain t raction , roll was

intent ionally constrained.
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Pitch

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 I said
about work versus home, when I do a
personal robotics project, I go with a
sort of "free form" approach. If this
had been a professional project, I
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 I was, with a neat idea,
and a really tough build. Professionally
or personally, I 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 I would lose a lot of wire. I
would also have 40 more analog chan­
nels available, and could use a differ­
ent control model for the motors.

In my original scheme, I had

RollYaw

way out, spilling sun and planet gears
all over the place.

Clearly, a complete mechanical
re-design was in order. I 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 I had a better idea of the
hardware elements I wanted to embed.
I set to doing a complete re-design of
the mechanism itself. In this iteration,
I would face-mount the motors, but I
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. I 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. I
also took a meager step at the vibra­
tion and crabgrass issue. I designed
my whegs as spiraling arms, with a
neoprene sheath. I 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 , I decided I was going to run
velocity feedback on every motor.
Upon looking at all of the wire
required, I decided to regroup my

I should make a test run of the chassis
without adding microprocessor con­
trol. I 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 I 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. I 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, I was unintentionally mak­
ing hooks. As it turns out, these dug
into the crabgrass and locked in. I
could hardly pry the thing out of its
self-woven green bed. If I had more
torque available, I was sure I could use
this as a garden implement. As it was ,
I had invented electric VELCRO®.

Once back on harder surfaces, I
learned the choice of whegs meant
vibration was going to be my enemy.
Because this was a test bed , I 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. I did
neither. I 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. I knew
it was wrong, but I had a surplus of
motors, and didn 't mind wasting a few
to get answers. I 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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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 I only had 12 chan­
nels of dedicated PWM available on
the IsoPod . With six channels of PWM
available per segment on the MiniPod,
I 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, I could now run quadrature
decoding if I 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. I 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 , I decided I
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, I let it sit
there on a shelf for a month
or two. Finally, I 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 . I 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. I had intended to use
these as rotation detectors, but I was
too eager to play, so I delayed their
implementation. I 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

I had intended to implement an
RIC transmitter and receiver later on,
but it was clear that I needed to con-

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

Actually, in robotics, it is perfect­
ly valid to implement a simulator, or
at least, that is what I keep telling my
wife. Implementing the RIC 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. I had modeled differential steer­
ing in spreadsheets, and so applied
simple mixing to control the motors
by side. I 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, I 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. I 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. I 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 I 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. I also think that I can gain a
lot with advanced traction control, as
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B A

A BB

A

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.

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

Dynamic Control
Questions

while mov ing forward. Now, the front­
end tracks in a straight line.
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 an other one,
I will factor the vibrations in, and
account for them.

1
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motion, I would either have to sense
the motion and use it as a sort of scan­
ne r, or sense it and remove it mechan­
ically. I looked at implementing a level­
ing platform, but that was an added
layer of complexity I 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 pos itiona l feedback, allows
them to syn chronize the stepping of
the whegs, which adds to their stabili­
ty. As a whole, the platfo rm is very sta­
ble. This realization caused me to
completely abandon the whegs alto­
gether. While it was an unfortunate
eventuality, I had prepared for that,
and had pu rchased a dozen
polyurethane scooter wheels on sale
at a local surp lus store.

So , as a precautiona ry measure, I
silicone glued all the connectors ,
boards, batteries, and mounted the
wheels. The ride is now smooth, and I
have about 20 hours on it sinc e the
repa irs. It has also resulted in triple the
battery life, and now I can easily run
for 40 minutes between charges. A
side benefit is imp roved climbing and
guidance. Presently, it can climb up a
city st reet cu rb with little effort.

Again, mo re trade offs - before,
the ran dom hopping caused it to have
sometimes wild lateral excursions

Tektronix· DIGITAL
STORAGE '6SCILLOSCOPES
CALL FOR EDUCATIONALNOLUME DISCOUNT
RSRjm- VARIABLE DC BENCH DMM
POWER SUPPLY WITH RS232 INTERFACE~~~~~~~~~-~~~~~~~=~~===::---.i
DIGITAL DISPLAY MODEL DM9803R
MODEL HY3003
Output Voltage :

Variable 0·30 Volts.
Output Curren t :

Variable 0-3 Amps. $8800
PartNo. VOl PHSY3003

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

Another planned use for the CAN­
BUS is I/O. I have constructed some
high current LED driver boards for
red/green/blue and white lights on
each segment. I 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. I
like to justify these as "status" lights ,
but honestly ...

In NJ: 732·381·8020 365 Blair Road-Avenel, NJ 07001-2293 http://www.elexp.com
FAX: 732·381·1006 800-972-2225 email: electron@elexp.com

Signs of Abuse

TERMS: Min. $20 + shipping. Schoof Purchase Orders, VISA! MC, Mon e)' Order, Prepaid. NO PERSONAL CHECKS, NO COD. NJ Residents: Add 6% Safes Tax.

After many hours of runtime,
everything was really gett ing beat up.
The constant hammering of the
whegs started causing solder joints to
the batteries to come undone, connec­
tors to come off, sc rews to come
loose, and even glued joints and
whegs to break. Some of th is was
expected, and Iwrote 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 mod ify.

Another unfortunate side effect
was all of the bouncing. The constant
hammering left me with very little
sensing capabilities. With that much
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Mike Keesling can be contacted
through Email at

author@bio-bot.com

me nt my "optical mouse hack" as a
primitive vision sensor, combined
with an array of infrared distance sen­
so rs . I may even increase th e
mechan ical platform's size to inclu de
more batteries and encoded ge ar
motors, and perhaps a music play­
back device to play the theme from a
well known parade at a well known
theme park.

Overa ll, the RoboPede sa ga has
only just be gun. Every discovery
leads to more questions and interest­
ing solutions . It st ill pretty much
loo ks and acts like I inte nded,
although [ rea lly expected I would
have to provide a much more active
software control system.

At this po int, I am running with­
out feed back on the wheels, yet I
climb curbs , sta irs, and childre n with
relative ease. [ do know that getting it
to understand terrain will be difficult,
but hey, it has always been ab out the
challenge.

It's about "art" done my way.
NV

Personal Robotics
--~ - -

understand yet. The rear wheels now
tend to "fishtail" fairly severely. This is
at its wors t on smooth linoleum, and
not not iceable on low plush ca rpe t. I
be lieve 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 , o r pe rhaps the
advanced traction control will solve
thin gs.

After testing all the different soft­
ware ideas I want to explore, I will
most likely build one last mechanical
version. In th is version, the electron­
ics will be encapsulated, and an y
mechanical flaws will be corrected. At
th is stage, I 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 to rque versus top speed.

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

a

'Serial LCD
'Moto r Controller
•Servo Controller
' PC IO Inter face
•Data Collect ion
'Lots More ....

·Basic Language
'I2c/SPI
·15 I O Ports
'UART
'No External Components
·Free Development Software

'Online Store
' Fre e Information
·Free Sof t ware
' Project s
'PC Boards

With the

s

What can you
build with th e

Athena?

Many PCB project
boards available

6 .95ea

Get one
for just

CONTROL
YOUR

WORLD

Kronos Robotics
and Electronics

www.kronosrobotics.com
703-779-9752
fax 703-779-97!J3

signed for begi ers

•Se lf conto ined I Built-in Engine
'300.000 lines of basic code per second
•Visuol Basic Type Language
' 1500 Bytes of Ram
' Libraries with local and global var iables
'F loat ing Point and String Variables
'Inline Assembly
·I 2c,lWire.SPI
·Interrupts I Arrays
' No High Priced Development platform need ed

Several Form Factors and Opt ions
Available
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Communication Analyzers

Pow er Suppli es

Probes. Sensors &Attachments
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www.ebaybusiness.com

For great deals on a wide range oftest and measurement

equip ment, look to eBay first. With thousands oflisti ngs

fo r new, used and prr!fessionally"calibrated equipment, it's easy

tofind the tools and inst rumentation solut ions your business

needs. Whether buy ing or selling test and measurement

equipment, eBay is the right instrument to use.

Spectrum A nalyzers

Multimeters

Circl e #3 5 o n t he Re ad e r Se rvic e Card.

Oscilloscopes

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



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

EDFI Dripping Faucet Kit $9.95

EncodesOR decodes any tone 40
Hz to 5KHz! Add a small cap and it .
will go as low as 10 Hz! Tunable wi th
a precision 20 turn pot Runs on 5-12 VOCand
Will drive any load up to 100 mA.

TDI Encoder/Decoder Kit $9.95

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

greater than 20dB while noise is less
than 4dB! 50-75 ohm input. Runs on 12-15 VOC
SA7 RF Preamp Kit $19.95

Touch Switch

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

Universal Timer

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

SM3 Electronic Siren Kit

Touch on, touch off, or momentary ' .~ p '
touch hold, your choice! UsesCMOS -c

technology. Runs on 6-12 VOCand drives any
load up to 100 mAo
TSI Touch Switch Kit $9.95

~
Voice activated (VOX) provides a
switched output when it hears a
sound. Great for a hands free PIT
switch, or to turn on a recorder or light! Runs on
6-12 VOCand drives a 100 mA load.

VSl Voice Switch Kit $9.95

Electronic Siren

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

The kit has a pulsing 80 volt
tickle output and a mischie­
vous blink ing LED. And who
can resist a 5linkin~ light ! Great
fun for your desk, 'Hey, I told you not to touch !"
Runs on 3-6 VDC
TS4 Tickle Stick Kit $12.95

Strappable to detect any single
DTMF digit Provides a closure to
ground up to 20mA. Connect to •••••••••••
any speaker, detector or even a phone
line. Runs on 5 VDC

TT7 DTMF Decoder Kit $24.95

Tickle-Stick

~
Our #1 Mini-Kit for 31 years!
Alternately flashes two Jumbo red
LED's. Great for signs, name badges,
model railroading, and more. Runs on 3-15 VDC
BL1 LED Blinky Kit $7.95

- -. .

Tunable FM Stereo Transmitter

~ Synthesized 88-108 MHz with no drift
~ Built-in mixer - 2 lin e inputs. 1 mic input
~ Line level mon itor output
~ High powe r version available for export use

The all new design of our very popular FM1OO! Designed new
from the ground up, including SMTtechnology for the best per­
formance ever! Frequencysynthesized PLLassuresdrift-free opera­
tion wit h 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. Ex ort Version . Wired & Tested

~ Fully synt hesized 88-108 MHz for no drift
~ Line level inputs and output
~ All new design. using SMT techno logy

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. Frequencydrift is a thing of the
past with PLLcontrol 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 Professiona l Synthesized FM Stereo Transmitter Kit $119.95 $13 5

Uo6dav Sale!
~ Tunable throughout the FM band. 88-108 MHz Expires 1/ 15/ 04

~ Settable rre-emphasis 50 or 75 psec for worldwide operation
~ Line leve inputs with RCAconnectors

The FMlOA 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, externar power from 5 to 15
VOC, or an optional 120 VAC adapter is also available. Includes matching case!

~ Frequency range 87.S to 108 MHz
~ Variable 1 to 40 watt power output
~ Selectable lW or 5W i1rive

At last, the number one requested new product is here! The
PA100 is a professional quality FM power amplifier with 30-40
watts output that has variable drive capabilities. With a mere one
watt drive you can boost your output up to 40 watts! And this is
continuously variable throughout the ful l range! If you are currently using an FM
transmitter that provides more than one watt RFoutput, 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 Ampl ifier, Assembled & Tested $549.95 $59



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

WhetherJou want to learn the basics of electricity, the the ory of electronics, or
advance digital techn ology, our lab kits are for you! Starting with our P1130, we
give you 130 different electronic projects, together with a comprehensive 162
page learning manu al. A great start for the Kids...young and old! Step up to ou r
Pl3 00, which gives you 300 sepa rate electronic projects along with 165 page
learning and the ory manual. The Pl3 00 walks you through tile learning phase of
digital electronics. Ifyou're looking for the ultimate lab Kit, check out our PL500.
Includes a whopping 500 sep arate projects, a 152 page starter course manual, a
78 page advanced course manual , and a 140 page p rogramming course manual!
The PL500 covers everything from the basics to digital programming! Learn
about electron ics and digital technology the fun way...and bu ild yourself som e
neat projects!

P1130 130 In One Learning Lab Kit
PL300 300 In One Advanced Learning Lab Kit
PL500 500 In One Super Learning Lab Kit

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

Infrared illumInator

$39.95

$54.95 $5~5

High Power LED Strobe light Kit With Case
Display Board, Inline with 8 LED's
Display Board, 5x4 Array Of 20 LED's
110VAC Power Supply

Trl-Aeld ScI A Meter ~ll;~ .
t/ SEE RF, electric, and magnetic . ."

fields !
t/ Watch the mag netic field of the

earth!
t/ Sense different magnetic poles!
t/ Detect RF transmitter fields!
This really neat project actually sens es
and detects magnetic fields, RFfields, and
electric fields! The TFM3 has three sepa- "I'd S I- I
rate field sensors that are user selectable to "0 I av a e.
provide a really cool readout on two Sci-Fi . - Expires 1/1 5/ 04

styled LED bargraphs! Utilizing the latest techn olow, including Hall Effectsensors ,
you can walk around your house and actually "SEE' these fields around you! Also
detect radiation from monitors, TV's, electrical discharge, and RFemissions . 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!

TFM3C

Ion Generator

LEDSIC
LEDS8
LEDS20
AC125

t/ Visible & audible display of you r heart rhythm
t/ Re-usable sensors included!
t/ Monitor output for your scope
t/ Simple & safe 9V battery operation

~E'iOY "",1" about________ T_ _ -'- the inner worKingsof the
o~ heart while at the same time col(-

, enn&. the stage-by-stage electronic. I: 0 0 0 circuit theory used in the kit to moni-
o tor it. The three probe wire pick-ups

allow for easy application and experimentation without the cumbersome harness
normally associated with ECG monitors . Operates on a standard 9VDC battery.
Includes matching case for a great finished look. The ECG1 has become one of
our most popula r kits with hundreds and hundreds of customers wanting to get
"Heart Smart"!
ECG 1C Electrocardiogram Heart Monito r Kit With Case
ECG1WT Factory Assembled & Tested ECGl
ECGP10 Replacement Reusable Probe !,atches, 10 Pack

LEDS9
(Included)

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 seco nd. In the audio sync
mode, the flash is triggered by any audio input you provide into the standard RCA
aud io input connector. Built-in low and high pass filters allow you to select either
bass or treble music triggering! An external tngger in/ out connector lets you con­
nect multiple units togeth er for simultaneous flash. 3x3 array of LED's can be
installed directly on tile PC board, or on the external LEDS9 board (included) for
case-top or remote locations. Optiona l display boards with 8 or 20 LED's are
available for even more strob ing power! Includes matching case set. Just imagine
surround ing your room with a few of these , trig~ered to your stereo! Be one 01
the first to experience the new high output LED s of 2003!

t/ Negative ions with a blast of fresh air!
t/ Generates 7.5kV DCnegative at 400rA
t/ Steady state DCvoltage, not pulsed.

This nifty kit includes a pre-made high voltage ion
generator potted for your protection, and proba bly
the best one available for the price. It also
includes a neat experime nt called an "ion wind
generator". This generat or works great for pollu­
tion removal in small areas (Imagme after
Grandpa gets done in the bath room!), and moves
the air th rough the filter simply by the force of ion repul­
sion! Learn n ow 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.

IG7 Ion Generator Kit $59.95 $64l!l5
AC125 110VAC Power Supply $9.95

Tri-Field Meter Kit With Case

~!!!!!!!!!!!!!!!!!!! ------_.........



Electronics Q&A

~"". Your pu blished 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 ­
emph asis . I have all the hardware nec­
essary to play my records, an d the
software to remove the clicks and
hiss , but I need a way to switch out
the RIAA curve, and a way to adjust
the volume into the Line In po rt of my
sound ca rd. The volume level on the
ancient recordings va ries tr emen­
dou sly. Ca n you he lp me ?

Wm. Motley, NVI9742
via Internet

Equalizat ion Filters

Thomas
via Internet

4N25 Tutorial

Q. I am interested in
knowing how to us e

the 4N25 optoisolator. I
thought I understood how
these things are suppose
to work, but I don 't seem
to be having any luck
actually us ing them in a

NOVEMBER 2003
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~"". I really appreciated
"(your circu it showing a
phono preamp in the Aug.
2003 issue . It's exactly what
I wanted. However, my father
has a lot of old 78s that I
tried recording on CD and
discovered they sounded
either too bass y or just plain
flat. As a kid, I remember
my father having a tube pre­
amp th at had a selector

switch that he would twist until the
record sounded right. Was this a real
featu re or just a be ll/whistle money
grabber?

• No. It was real. Many of the ea r­
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 cu rve. The RIAA
standard wasn't introduced until the
LP came along in the '50s. Figure 1
sh ows equalization filters for five pop­
ular 78 RPM curves , plus a str aight
through "filte r" for those Edison
cylinders. Simply insert the proper fil­
ter in the phono preamp feedback loop

(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.

0.22

No Equalization
1.8k

A-Q-B
220pF

Blemlein

Phono Preamp

BSI 78
22k 1.8k

A-t;}Q-B

22k

A~B
0.33

+9V

Decca 78

IOk} 47UF

I ooUF 470

-=-

. 18

Westrex
0.22

A~~B

0.68 1.8k

A---1~B
.033

ffrr 78
22k 1.8k

A-t;}Q-B
.033 0.15

Equal Opportunity
for Vintage 785

In t his column, I answer

questions about all aspects

of electronics, including

computer hardware,

software, circuit s, 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.

26

What's Up:
It seems I struck a cord
on more than one
answer from the recent
past: readers who want
more in depth info on
top ics I touched on.T his
month I honor those
requests.The most
requested is expanding
on earth ground and the
equalization of records
cut before RIAA.T he
second most asked are
answered via tutorials:
the 4N25 optoisolator,
555 timer, and W i-Fi.
Finally, a quiz for you, the
reader.
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4N25 Parallel Port
Isolated Interface

th rough the LED. Most of today's
4N25s have a 100% transfer ratio.
That means, l O rnA through the LED
will allow the transistor to conduct 10
rnA. But here you have to be careful ,
because some older 4N25s only have
a 25% transfer efficiency ratio (l O rnA
in equals 4 rnA out) . Another gotcha
is the output current of the parallel
po rt. Most are spec'ed at 5 rnA per
pin, but that can vary between 4 rnA
and l O rnA, depending on the driver
ch ip the PC uses. The values in
Figure 3 are designed for 5 rnA 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
runn ing a lot of cur rent 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 cu rrent through the
transistor , and isn't a working design.

Books on PicBasic and PICmicro MCUs
Prog ramming PIC Microcontrollers with PlcBaslc $49.95
Experimenting with the PlcBas/c Pro Compiler $39.95
PIC Basic - An Introduction $34.95
PIC Mlcrocontroller Projec t Book $29 .95
EasyMicrocontrorn $29.95
Time'n and Counrn $34 .95
Microco ntrorn Apps - PIC MCU Application Guide $44 .95
Serial Communications Using PIC Microcontrollers $49.95

PICProtoPrototype Boards
PICProt03 for 28-pln PICmicro MCUs (3"x 3") $14.95
PICProt04 for 8-pln or 14-pin (1.5"x 3") $9.95
PICProtaB for 8-pln (1.2"x 2") $B.95
PICProt0 18 for 18-pin (1.5' x 3") $9.95
PICProt01 8L for 18-pin (3.6"x 4.1 ") $19.95
PICProt064 for 40-pin (3.6"x 4.1") $16.95
PICProtcUSB for 28-pin or 40-pin (3.6"x 4.1") $19.95
PICProtaBOfor 64 or BO-pin TQFP (3.6"x 4.1") $19 .95
PICProtaBOwith pre-soldered PIC18F8720 $60.00

PICProto prototyping boa rds are designed to help you get your PICmicro
projects finished foster, with less effort. There Is a high-quality blank PICPrata
board for almost every PICm/cro mlcrocantroller. Each double-sided board has
a solder mask on both sides and hundreds of plated·through holes for your parts.

tor's base (pin 6) determines how
much cu rrent 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 anyth ing - listen, not an yth ing
(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. Aga in, a cu r­
ren t-limiting res isto r 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 signa l 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 collec tor (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 transisto r
which , in turn , produces a voltage
across the 1K resistor. The amount of
voltage depends on the current
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PicBasic Compiler
PlcBas/c converts your BASIC programs
Into flies that can be programmed
directly Into a PICmicro MCU. Mo ke
use of the latest mtcr ocontroner
technolog y without learning C or
Assembler. Compatible with DOS and
Windows 9x/ME/2K/XP.

PicBas/c Compiler $99 .95
PicBas/c Pro Compiler $249.95

circuit. My problem is simple - iso­
late a computer pa rallel po rt from a
low-voltage on-off controller (less
than 20 volts) .

I found a circuit that connects the
pa rallel po rt to pin 1 of the 4N25
through a 100-ohm resistor. Pin 2 of
the 4N25 is grounded. On the other
side of the 4 N25, 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
to r. Results: nothing. Please explain
how to make th is work and what is
wrong with the above setups.

James A. Tadlock
via Internet

• First , you have to remember
hat the 4N25 is really two, two,

two devices in one. The first dev ice ­
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 10 1).

The cu rrent through the transis-



Inside The 555 Timer Vee

• This is a common question,
and a common misconception

about sign als that need to be mixed.
In my design, the right and left sig­
nals are driven by two st rong low­
impedance sources (the au x out-
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Q.In your Sept. 2003 column, you
offered a subwoofer filter to Stan

from Florida. May I as k a question
about that schematic? The right and
left ch annels a re summed, each
through a 4.7 IlF ca p, to a high­
impedance point at one end of the
220K resistor. Won't this compromise
the separation betwee n the two chan­
nels? Cou ldn't this loss of separat ion
be avoided by running each channel
th rough a separate ser ies 4.7 IlF cap
and 220K resistor and summing
them at the zero-impedance point at
the inverting input of the LF353?

Mike Byrnes
via Internet

Mix it Up

A . Actually, the duty cycle of the
.J"'I\555 is determined by the ratio
between th e two timing res isto rs, 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
Vcc, the output (pin 3) goes high and
when the voltage ac ross C1 drops
below 1/ 3 of Vcc, it goes low. The
charge path is the combined res ist­
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 differe nt duty cycles: Place a
diode across R2. This allows C1 to
charge through R1 and R1 only. The
disc ha rge path is st ill th rough R2, but
now the resistors are independent of
each other, which simplifies the
math. Instead of hav ing to juggle five
values, the equation is reduced to:
Duty Cycle = R1/ R2. I 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 .

Figure 6

InputA---l~
A +B

Input B---l

Good Isolation

InputA-I~
A+B

Input B-1

Better Isolation

I nput A-I~
A +B

Input B-1

Best Isolation

555 Tutorial

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 ho les through the roof!). When
the door is closed, and the door
switch opens, the relay ma intains the
ground connection as Cl 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 time r stops, drawing
no further cu rrent 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, I suggest using
a reed relay like the RadioShack 275­
233, in which case the diode across
the relay isn't needed.

~"". You had several good circu its in
"(!:he Sept. 2003 issue, but one
that specifically caught my eye was
"At A Crossing." As an experiment, I
built the "LED Flasher" (Figure 2).
When I replaced the 220K resister
with 1 Meg, and the 1 IlF capacitor
with 10 IlF, I was really happy with the
timing. My prob lem 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, so me­
thing like 10% to 90% would do just
fine. I've begun to believe that a 555
may be designed specifica lly for 50%,
and therefore, not be good for th is.

Calvin Hirmke
via Internet

Reset

Camp 5

O utp ut
Driver t--F---

Dome
Light

5k

.-- .Jv«

Dome Lamp Delay

RI

IN4001

15k

+12V

Turn Out the Light,
Please

C. Ritchie
Elk Mound,WI

~"". I have an older ca r and would
"(!ike 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 I can possibly build into
the dome light for th is?

• When you say older car, I have to
assume 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 Cl is ini­
tia lly 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

7 Dischar e

fit

!:i 5kt; R2

~
IN34A -=-

I~
Tr igger

5k
1fit rei,... -=- GND
'~ I

Z -=- -=-
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acreage for extra rods . To reduce the
ground resistance, either more land is
required or the resistivity of the avail­
ab le soil must be lowered . Soil resistiv­
ity can be lowered thro ugh chemical
treatment, like copper sulfate or sodi­
um carbon ate. The type of chemical
a nd am ount de pends on the soil,
which changes from plac e to place.
Chec k with your loca l environmental
laws for details on approved soil condi­
tioners for your area .

A 555 Reader Quiz

Ethern et tutorial
http://chlpcenter.comlclrcuitcellar/march02

Ic0302ts1 .htm

Wi-F i (802.11b) tutorial
www.homenethelp.comlB02.11bllndex.asp

Bluetoo th FAQ
www.palowlreless.comlinfotoothl

ZigBee - the new kid on the block
www.chlpcenter.comlknowledge_centers

Iwireless/producC review/showArtlcle
.jhtml?articlelD=131 00643

Cool Web SitesI

W ireless communications chart
www.homenethelp.comlB02.11 blindex.asp

~"". I'm look ing for a countdown
'(!imer circuit that, when a start
button is pushed, will blink an LED
on/off ever y second for 10 seconds. I
also need a manual reset. Do you
have a simple circu it for this?

C. Rit chie
Elk Mound,WI

W ireless networking is becom ing increasing­
ly important to businesses and hom e users.
Confu sed by te rms like W i-Fi, Ethernet, or

Bluetooth? For answers, che ck out the
following.

W ireless networking FAQ
www.vlcomsoft.comlknowledge/reference

Iwireless1.html

10M

Timed Flasher

~ CI
Reset,J.- I IuF

InterfacIng
Hemisphere

Avoid Ground Rod Overlap

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

However, local so il conditions will
affect th is target figure. In some
reg ions , a resistance of 10 ohms or
lower is ea sily obtained using a three
foot rod, while in other regions , it ma y
be difficu lt to bring the resista nce of a
driven ground under 100 oh ms. The
first urge is to drive the rod deeper
into the earth, but beyond 10 feet , the
change in resistance becomes negligi­
ble. For exa mple , to reduce the resist­
ance of a 10-foot rod to half its value
requ ires extending that rod to 100 feet
in the same soil. A better so lution is to
increase the number of ground rods .

A ground rod creates an interfac­
ing hemisphere in the ea rth surround­
ing it. The diameter of that hemi­
sphere is approximately 2.2 times the
length of the rod. When mo re than
one rod is required, they should be
spaced no closer than 2.2 times the
length of that rod in any direction. If
mult iple 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. Peppe ring 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
whe n you run out of

Bob E.
via Internet

~"". Regarding the "Earth Ground
"-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?

Earth Ground ­
Revisited

puts ), so there is no possibility of the
two feeding back throug h these out­
puts. On the other hand , this would not
be the case if I were trying to design an
audio mixer panel with four high-imped­
ance sources (like a microphone)
where one input could create crossta lk
on the other. The "back-path" mixing of
these signals would be disastrou s. So
what to do?

If you want a mixing of sign als ,
usually at the same volum e level,
then use the simplest mixer (a.k.a .,
caps), like I did. If you wan t 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
th is diagram (Figure 6) will help .

~"". I was just reading your "Earth
,,-Ground" answer in the J uly 2003
issue, and near the end of your first
pa ragraph, you say "it's important to
know the resistance of the so il and
treat it with chemicals if the resistan ce
is too low." Didn't you rea lly mean too
high? I have never seen anyone des ire
a high ground resistance.

Tom B.Jones, III CPBE C BNT
Montgom ery,AL

• Alright , already. I confess that I
ade a typo error while ed iting

my own writing (who doesn 't?) So let
me set the record stra ight. You ac tual ­
ly want the lowest ground resistance
possible. While values of 10 ohms or
less are standard practice in commer­
cial codes and long haul co mmunica­
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 ste el) driven
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Figure 9

• I'rri surprise d at how versatile the 555 ch ip really is . It
has solve d more than a few st icky problem s. Again,

this is a not-so-unique case. Remember, the 555 ca n be
configured as a monostable (one shot) or astable (free run­
ning ) oscillator. What we need here is a monostable circui t,
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 Cl . C2
establishes the flash rate of the LED.

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

NOVEMBER 2003

MAILBAG

Dear TJ ,
Maybe the third time's the charm, but the schematic

on page 38 for "The Winner Is" circui ts needs the diod es
reversed. As Brad Lieffring pointed out in his lett er (Sep.
2003, page 39) , diodes will prevent multiple lights when
the winner's switch is held down . But with the diodes as
sh own, no one will ever be abl e to "win."

Joe Turner
via Internet

James Drake
San Francisco, CA

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 dia gram, 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 pe rforms
the necessary latching action and turns on the relay there­
by turning off a ll the contesta nt's push buttons and turning
on the buzzer and the winner's light.

I Q&A

1kqty

WIRELESS RF MODULES
Transmitte rs. Receivers.Transceivers .

High Speed , Long Range. UHF Mode ms

•

Circl e # I 12 on the Re ade r Serv ice Card .

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

Low-cost wireless
fordevice-to-device
networking

Order ourlatest technology today,
(development kit only $199)

~X!!itream.
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Open Frame Power Supplies
[arneco 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
and other features you need on our web site today! . •~'::l! !=,~r-:,,: .

Mfr. Cross Output Rating Jameco
Manufacturer Reference No. (Voltage@Current) Part No. Price

Skvnel SNp·0502-B t5V@0-2A 184866MC $13.49
Artesyn NLP25-7608 t5V@0.2-2A; t 12V@0.1-0.8A; 218501MC 39.95

-12V@0·0.l A
MeanWell PS-65-24 t 24V@0-2.7A 148646MC 33.95
Artesyn NLP1 50L-9605366 t 3.3V@0.5t l0A; 219029MC 116.85

t5 .1V@1.5-2.0A;
t 12V@0-2A't1 2V@0·0.65A

Digital Power USS250-115 t 15V@0-16.5A 204564MC 49.95

Closed Frame
Power Supplies
[ameco offers hundreds of closed frame .
supplies from the names you trust , all priced to
help you save! Call for a FREEcatalog and learn
more about our selection featuring low-leakage
medical supplies, power factor correction,
universal input and much more.

Mfr. Cross Output Raltng Input Jameco
Mfr. Reference No. (Volts@Current) (VAC@Hz) Part No. Price

Mean Well S-25-5 t 5V@0-5A 85-264@47·63 123246MC $43.95
Mean Well S-60-24 t24V@0-2.5A 85-264@47-63 123351MC 57.95
Mean Well S-150-24 t 24V@0-6.5A 88'132/176'264@47-63 123449MC 76.95
MeanWell SP-300-24 t 24V@0·12.5A 88-264@47-63 137402MC 185.95
Power-One PFC-50o-1024 t 24V@0.6-21A 85-264@47-63 202905MC 69.95

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 variou s power plugs.
Be sure to visit our web site
and learn more. 21D809MC

Table-Top Transformers
Outfi t your product with a professional table-top
transformer. [ameco offers a wide variet y
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 (t o"/o-20%) Agency Jameco
ReferenceNo. (Volts@Current) H" I W'IO" Approvals Part No. Price

OC1205F1 2 t12@500mA 2.5x 1.9x 1.6 UUCSA 102496MC $4.95
SCl02TA1200·B02 t 12@1500mA 2.9x 2.0 x 2.6 UUCUL 210809MC 12.95
DCR1 205F12 t1 2@500mA 3.2x 2.2 x 1.9 - 162996MC 8.95
OC1205F5 t12@500mA 2.5x2 .1 x 1.7 UUCSA 102277MC 4.95
41-2-15 t 12@300mA 2.9 x 2.0 x 1.6 UUCSA 190043MC 4.49

Low-Noise Fans

Mfr. Cross Power Output Ratin9 Input Size (to%·20"lo) Jameco
Reference No. (W) (Volts@Current) (VAC@Hz) H"IW'IO" Part No. Price

SPU50-6 60 t 24@2.5A 100-240047-63 5.6 x 2.9 x 1.6 161605MC 1$44.95
P40A-3P2JU 40 t12@3.3A l00-24O@5O-£O 5.5 x 2.3x 1.5 155213MC 34.95
SPU50-3 60 t1 2@5.0A 100-240047-63 5.6x 2.9x 1.5 155230MC 49.95
KWM12F·P2MU 18 t1 2@1.5A 100-240047-63 4.0x 1.9 x 1.5 216531MC 26.95
P40A6P2J 40 t24@1 .66A 100-240050-£0 4.1 x 2.6x 1.4 181884MC 33.95

DC-to-DC Converters

102955MC

[arneco 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 [ameco today!

219150MC
We also stock CPU fans.
VIsit our web site for a
complete listing.

Mfr. Cross Voltage Air Flow Noise Size Jameco
Mfr. Reference No. (VOCl (CFM) (dUAl H"I W' I O" Part No. Price

Sunon K01208PTB1-6 12 42.5 33.5 3.15x 3.15x 1.00 102955MC $5.25
NMB 3110KL-lJ4W·Bl0 12 25 25 3.15x 3.15x 1.00 131748MC 7.95
Sunon KD1204PFB2-8 12 6.3 30 1.60x 1.60x 0.40 161699MC 7.95
Sunon KD1212PMB1 -6A 12 108 42 4.68x 4.68x 1.50 94625MC 11.95
Sunon KD0504PFB2-8 5 5.5 23 1.60x 1.60x 0.40 195373MC 8.49

Mfr. Cross Power Oulput Rating Jameco
Mlr. Reference No. (W) (Volls@Current) Input Range Part No. prtce

Mean Well SCW03A·05 3.0 t 5V@600mA 9-18V 213268MC $15.49
Mean Well SO-25A-24 26.4 t24@11 00mA 9-18V 175812MC 40.95
Mean Well SKE15A·05 15.0 t5V@3000mA 9-18V 155715MC 34.95
Artesvn SIL06C-05SADJ-V 20.0 to .9-3.3V@6 4.5-5.5V 219150MC 12.35
Astec AA9090A 21.0 t 5.1V@3750mA; 0-20V 109276MC 6.95

t 12.6V@1 00mA;
-26V@40mA



Micro Memories by Ed Driscoll, jr:

Micro Mem ries
Before there was the Web, there was CompuServe

Looking back , 1979 was a
watershed year for online se rv­
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-. 0
to Work

CompuServe'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 se rvice was first
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When 1.77 MHz was fast ­
a Model ITRS-80.

dubbed "Com pu-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.

Simultaneously, the first person­
al computers were being built, initial­
ly by hobbyists and later as fully
assembled unit s by MITS,
RadioShack, Apple , Commodore,
and others. Eventuall y, dial-up
modems were offered as accessories
for those PCs, and services such as
CompuServe 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 II 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 H&R Block
for $22 million, who would qu ickly
return to the original CompuServe
trade name to promote their nascent
online service. H&R 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

I 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 . I 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 I had been).
While it no longer is called CB, to this
day, typing "GO CB" into
CompuServe'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
CompuServe

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
im prove ment 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 GUI).

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
US. Four years late r, 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

The CompuServe website as
it looks today.

"Go Ape Wild"
over our new"Award Winning"
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.
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Before the iMac - an Apple II.

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

The 19905:
The End of the Line

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

attempted to maintain CIS as a dis­
tinctive brand name, and initially
marketed it as an alternative for
small busine ss owners a nd entre pre­
ne urs looki ng to avoid th e hijinks
and cu tt ing up over at AOL.

But, like Rome, the rot occurred
from within - becaus e CIS waited so
lon g to go to a flat rate service, they
lost millions of subscribers in the
mid-1990s to AOL and even les s
expens ive services. Today, CIS's
membership numbers about two mil­
lion or less, compared to AOL's
cla imed base of over 30 million
members.

The shrinkage of CIS's member
base continues to this da y, as more
and more rea lize that the $24.95 a
month fees to belong to CIS's dial-up
connection pa les ne xt to the wea lth
of free Internet sites ava ilab le via
a $49.95 cable m odem or DS L
connection.

But the pioneering spadework

An acoustic coupler modem .

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

Images of the computers in

this article are courtesy of

The Computer History Museum

wwwocomputerhistorYoorg

Ceramic Feedthrus and Standoffs

Fans& Blowers, Over 100,000 In
Stock: Muffin - Squirrel - Spiral

Ceramic TransmittingCapacitorsOf All
Sizes: Doorknobs-Feedthru-Water Cooled

~, All Sizes AndShapes,
Large Quantities For Manufacturers

Transformers: Sealed, Open Frame,
Audio, Switching, Pulse, High Voltage

- --"'"~, Served And Unserved

SW Data 1911 x 82 11 Server Rack
• 77" Internal height(44 units) ENC-100274SC $350
• Removable sidepanels
• Louvered, ventilated, locking front1rear doors
• Fully adjustable 10-32tapped rails front and rear
• SuperHeavy Duty- SeismicZone4 Rated - GrayCabinet

Variable Transmitting Inductors

Variable Capacitors, Air - Mica - Vacuum

Kapton Fiberglass and MylarTapes

TohtsuCoaxial BF Belays

Over 1000000 Vacuum TubesIn Stock

1502 Jones Street, Omana, NE 68102 • Fax: 402-346-2939 0 e-mail: grinnell@surplussales.com
Visa, MasterCard, American Express orDiscover' Call ore-mail for shipping and total charges

All SPECIALS InThis AD good only for 30 day advertising cycle. No exceptions please.

800-244-4567 • 402-346-4750
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486DX4 100MHzprocessor, 8 MB RAM, ATAslotfor2·TypeI or
IIPCMCIAor1-TypeIIIcard. Interfaces: Keyboard, Parallel,VGA,
RS-232C, IrDA, System Interface Port, Extemal Floppy Drive,
Mouse Newinthebox,onelasttime. Thisisbarebones! NOextras,
battery,pen,assoftware...nothing. 7.2"x 10.7"x 1.5". 2+pounds.

Sanyo Denki 108 CFM Fan
Greatlightweight(9.4 oz.aluminum body) fan oper­
ates on 24 Vdc at 250 mAo Ball bearings. 4-11 /16"
squarex1-112". Quite 39dBA. Made inJapan. $10

T-Bar 48PDT Latching Relays Please visit our website with over 2000 pages and 10,000 images
Two 12 Vdc coils can be wired in series (24 Vdc) or www.surplussales.com
parallel(12Vdc). Gold1Palladium contacts for highest •
reliability. Power isnotrequired to holdrelayduringlong noo MetalHalideHigh Intensity LampBallasts - ••- .•., _ ••~ HighVoltage AnodeCable

periodsinoneposition. 2-318" x 1"x3-9/16" high.$150

-- ----
I

--- ..--- --:.1
FMW2430M Transmissive Monochrome $ 99

F lit FMW2430S DSTNColor $149
UJI SU FMW-PS Optional16V 1.56 Adc Power Supply s 18

Stylistic 1000 Pen Computers

Surplus Sales of Nebraska

In!:i Min I Max Thermometer
o -40'F to 180·F. Analog device with a memory.==- Mercury free thermometer hasadjustable set points

on either side of the main indicator. As the temp
loIS increases or decreases the set point is pUlled along!In andremains until youobserve and reset. 3"dia. $10is Visit our website @

Z www.surplussales.com
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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



NEW ROBUST GEAR MOTORS

SOla rbo t ic s
now offers

an assort­
ment of
ine xpensive,
robust gear

motors ideal for
robot ac tuation and loco­

motion purposes. Most are available in eithe r 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 to rque, 38 RPM free running speed at five
volts from an RA-130 style motor, and optional wheels or
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 acco m modate the optional
wheels.

The GM6 and GM7 are miniature versions of the GM2
and GM3, with a 120:1 redu ction , 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, 37 5 RPM at five volts , and an easily-removed
self-centering spring mechani sm .

Visit Solarbotics' website for full specifications. OEM,
wholesale, and retail interest a re all welcome.

For more information , co ntact :

SOLARBOTICS LTD.
179 Harvest Glen W ay NE

Calgary AB, Canada T3K 4J4
866-176-1687 Fax: 403-116-3741

Web: www.solarbotics.com
C ircl e # I0 7 o n t he Re ader Serv ice Card .

WEB-ENABLING APPMOD FOR
BASIC STAMPS
D edpoint Controls" of
RMo rga ntown, WV has
released the Red-F Bas ic
Stamp Web Se rver to
make Ethernet connec tiv­
ity a reality for Para llax ,
Inc., BASIC Stamp users.
Based on Redpoint's Red-i
embedded Ethernet core,
the Web Server is capable of
hosting up to 100 Kbytes of
web files and ena bles BASIC Sta mps to update
web pages and receive HTML form data through simple
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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 acce s­
sories from Parallax, applications include web-en abled
home automation, high-powered industrial control, and
interactive robotics. The Red-i BASIC Stamp Web Se rver
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 o n th e Re ade r Service Card.

HP-3 MASTER DEVELOPMENT
SYSTEM SPEEDS WIRELESS
INTEGRATION

~e 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
(R5-232 versio n) or $324.00 (USB version) .

For more information, contact:

LlNX TECHNOLOGIES, INC .
575 SE Ashley PI.

Grants Pass. OR 97526
541-471-6256 Fax: 541-471-6251
Web: www.linxtechnologies.com

Circl e # I53 on the Re ade r Se rvice Card.

PROTOMETER MODEL
PRO-SS DIGITAL ~~

ENGINE ANALYZER
- MEASURES TACH
AND DWELL

G lo ba l Specia ltie s has just intro­
duced a new, low-cost CAT III

600V rated ha nd- he ld e ng ine analyzer.
This special eng ine a na lyzer wit h a

bac k lit LCD Display comes standard

with data hold , tach , and dwell measuring facilities
for 3 , 4 , 5 , 6 , and 8 cylinder engines , DCV, DCA ,
resistance, temperature , diode , a nd continuity test
ranges, as well as heavy-duty test and temperature
probes and a heavy-duty c loth carrying case, at a
price of only $49.95.

All functions and ra nges are electrically
protected to ensure s a fe ty. The complete
spec ification sheet for the new model PRO-88 is
available for download as a PDF file from the Global
Specialties website .

Also available are downl oa da ble specification
sheets for other new ProtoMeter models , the new,
jus t released Full Line Product Guide , and the name
of a local Global Specialties s a les representative or
stocking distri butor.

For more information , contact :

GLOBAL SPECIALTIES
1486 Highland Ave., Unit 2

Cheshire, CT 06410
800-572-1028 Fax: 203-272-4330

Email: FMenI22@aol.com
Web: www.globalspecialties.com

Cir cle # 130 o n the Re ad e r Se rv ice Card.



New Product News I

STRIPLED® CONNECTABLE LED
MODULES ARE THE BUILDING
BLOCKS FOR TODAY'S CUSTOM
LIGHTING APPLICATIONS

• ED t ro n ics®
~nno u n c e s
St r ipLED ®
Con nectable
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 architec tural
appli cations. StripLEDs eliminate many of the shortcom­
ings of ne on or fluorescent lam ps such as heat, broken
tubes, and ba llast failures. Each St ripLED module contains
four super-bright, wide-a ngle (85 ') LEDtronics
SpiderLEDs, one three-inch double-ended connector ha r­
ness for easy da isy-chain as sembly, and a pre-appl ied strip
of 3M® double-sided foam tape for "peel and stick "

placement.
LEDs are wired in parallel a nd function

independe ntly. If one LED fa ils , the re ma ining LEDs
continue to operate. LEDtronics offers StripLED in five
co lors : green (525 nm ), red (636 nm ), yellow (592
nm ), blue (4 70 nm ), a nd white (7000 K). Red and
yellow St ripLED modules a re 12 volts. White , green and
blu e a re 14 volts. In addition to channel-letter
applications , StripLED may be used in buildings,
amusement parks, theate rs , stai rways , emergency exit
pathway lighting , etc.

Solid-state design ren ders LEDs im pe rvious to
shock, vibrat ion, frequent switc hing , and environ menta l
extremes. With an ave rage life spa n of 100,000-plus
hou rs (11 years ), LED lamps operate mo re than 20
times longer than the equivalent inca ndescent lamp.
Savings from reduced maintenance costs and downtime
quickly return the capita l investm ent expend iture. LED
la mps produce a lmost no heat a nd requ ire 80 %-90% les s
operat ing power than eq uiva lent incandescents , making
them as friendly to the envi ronment as they are to the
operating budget.

Prices for StripLED Connectable LED Modules
range from $2.75-$3.80 each , depend ing on LED
technology and color. Availab ility is stock, to four to s ix
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SONY EX·VIEWCCD (or the best "ASTRONOMICAL"
PERFORMANCE available in an oHare/able cameral

With 600 LinesResolution. NEWI 0.00005 Lux,
The most sensitive, uncoolee/, 1/2" CCDcamera available.

Blockand while. slaleof !heArtVidea,
Our GMV·EX·61(Tokes thePrize. For
covert. mnilary & scienlificapplicalions,
this is II. Unbelievable O.OOOO5lux@
10.8performanceisenhoncedthrough low
speed e1ecfroni<: shunering, digital frame inlegration
andadvanced DSP. Auto sensitivitymodessortsos II
becomes dark.24 hoIKsurvetllanceispossible with the
optionol 0.2 aula Irislensshown below. SevenGainlShunermodes
areuserselectable.Normal. X4,X8. X16, X24, X32. X64 X128. Frome rolesof 60.
15, 8, 4,3,2,1and0.5persecond.Aula/offBLe. SIN>52dB, Mirroron/off, Gainon/
off, aulaelectronicshutler1/60101/120,000sec, Alum. housing. duol1/4x20mig.
Specs: 1/2' CCD. 7681HIX 494M, with380Kpixels, 12VDC±lV@200mA.S-VIOEO
on4pinDINconnector.SId.videooutonBNC.Size: 51mmx 51mm x115mm long.
Reguloled powersupplyincl. All functions externalty controlled. C-ITlOlXlt lens not
Included.Wehovethebesl priceavo~obIe forIhe 12V1E-EX CAMERA. VERY lIMITIO
OUANllTY AVAIlABlE. DON1 BEFOOlED by 113' , NON - EXV1EW, LOOKAlIKES!
GMV-EX6K...$449 Super, 6mm, 11 .2 Manual Iris Lens...$69

HIGH RES. MONITOR SUPER, ns. lOx SURVEILLANCE LENS,
B&W. Brand new, New, Vican, ll mm 10 110mm ZOOM.std. C-
90 day warranty. Mount.Make any
BNCvideoin & loop comeraa long
through. Blocksteel rangesteallh-
case.1000line res.Youwillbe ~:;':;!~~ on a
amazed01howmuchbetler 113' CCD camero.
yourvideowilll ookf9"Diog. Asuperlens. Reg.
BWMON-9HR....$7geo. pri<:e$800SPECIAL, 11-11OZM••.$19gea.

Circl e #125 on th e Reade r Ser vice Card .

NOW, MORE, POWERto SPAREI
FANTASTIC, 12 VOLT,

HIGH CURRENT
PANASONIC, SEALED,

RECHARGEABLE BATTERIES.
We carefully removed
lhese, sealed lead
acid bcnenesfrom
lXlUSed 4 banery
'rays ' intended as
port of a power
backup system, They
are In mini condition.
Regular price of Ihls
banery is over $90ea.Type VA-1233PIsyour
chance10perkup Ihaseheavydutypower
projecls. Perlecl for powering boI11e bats,
telescopesand os portof a solar power
sys1em. Even your fishfinder, underwater
camero or smaller Irolling malar. The lisl is
endless. Don1be leftout of Ihis opportunity.
Thesizeis a manageable 7.75'Wx 7.25·H x
5'0, weight is 26 Ibs. Heavyduly, lead post I ;:::::::===::::::::::::::::::===:;:;:",,";::::~======:==:::::==:::::::::::::::::::::::::::::;:::::~
typeconnections with 6mmbah holes. Use
two Inporallel for66Ah!
PANA-1233P.....$3gea. 2 for $59

ALSO AVAILABLE:
PANASONIC 12V@28AH. PI N AC­
X1228p, 6.S"W x 6.9"H x 4.9"0 ,
w ei ghf is 23 Ibs.
PANA-1228P....$3gea. or 2 for $59
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For Windows
98/NT/Me/2K/XP

3 Editions,
starting at
$99 + s/h

Or, Call 800-280-5176
530-273 -1985 Fax 530-477-9 106

P.O. Box 2270, Grass Valley, CA95945

• New Report Layout Editor
customizes reports/labels.

• NewConnect ion t o
culcksooks 2002/2003 Pro
simplifies accounting (US
version onlyl.

• New Multi-currency for
foreign suppliers eases
exchange rate calculattons.

Part
Vendors™
Visit WWW.trllogVdeslgn.com
and download our FREE DEMO.

Circl e #117 on the Re ad e r Se rvice Card.
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Parts List Software
for ~nJineers anl1JeJ'!!Jners

• Easily create and manage multl-Ievel parts lists for
pro ducts in development.. .and after.

• Track sources for it ems with multiple price breaks.
• Calculate product cost s at any quant ity.
• Launch CAD, viewer or browser f rom any Item.
• Automatically generate RFQs or POs.

NewVersion 5.0

EARTHLCD
3270 I Calle Perfecto

San Juan Capistrano, CA 92675
949-248-2333 ext. 223 Fax: 949-248-1 391

Email: jennifer@earthlcd.com
Web: www.earthlcd.com

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
p owe r and hard drive LED indicator incorpo rated
into the bezel - ideal when the PC is remotely
located .

The PM-121 RT adds an optional fou r-wire
industrial-grade resistive touch screen that is
integrated within the bezel a nd connects to the
seri al port , op e ra t ing via mouse emulation using a
software drive r. Impe rvi ous to scratches , moisture ,
and grease , res ist ive touch glass is commonly used
in pas systems, as well as operator controls. Street
p rice for the PM-121 with resis tive touch is $529.00
a nd without touch is $329.00 .

For more information , contact :

RS232/RS422/RS485 Converters

Circle #14 9 on the Reader Se rvice Card.

RS232 TO RS485
2 wire

• Makes yo ur RS232 port an
RS485 port

• Supports up to 40 RS485
devices

CMC's low cost converters adapt • Automatica lly dete rm ines
any RS232 port for RS422 or RS485 data direction.
operation. These conveners provide • Signal powered vers io n
your RS232 device with all the ava ilable
advantages of RS422 or RS485 ADA485 (requires 9VDC) $79.00
includingreliablehighspeed operation ADA485-1 for 110VAC 89.00
(up to 200 kbaud) and data ADA485L signal powered 84.00
transmissiondistances upto5000feet.
Two AD422s can be used to extend
any RS232 link up to 5000 feet. RS232 TO RS485
Completely transparent to thesystem;
no software changes of any type are 4 wire
necessary. • Converts an RS232 port for

RS232 TO RS422 ~:~i~~~h RS422 or RS485

• Converts bl-d lrectlonally • Supports up to 40 RS485 or
between RS232 and RS422 RS422 multidrop devices

• Use as a short haul modem • Adds multidrop cap ab ility to
• Plug In and go. No software RS232 devices

changes required • Automatically determ ines
data directi on.

AD422 (Requires 9VDC) $79.00 ADA425 (requires 9VDC) $89.00
AD422-1 for 110VAC 89.00 ADA425-1 for 110VAC 99.00
AD422L signal powered 84.00

Mention this ad when you order and deduct 5%
Use Visa, Masterca rd or company purchase order

LEDTRONICS, INC .
23105 Kash iwa Ct.

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

Web: www.ledtronics.com

weeks for special requirements. StripLEDs ca rry a one
year limited warranty. For additional information on
how to incorporate StripLED modules into your product
designs, contact:

11.1" XGA
INDUSTRIAL-GRADE
PANEL MOUNT LCD

Ea rt h Co m pute r Technologies
ha s added a 12 .1 " panel mount

monitor to co m ple me nt its point of
s ale a nd kiosk LCD monitor line . It
is const ruc ted of a vandal resistant , ultra-thin metal
be zel with a black powder coat fin ish , and it has a
de pt h of just ove r one inc h that facilitates easy,
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Wind-Up Flashlight

Crank up these LEDs
Wind-Up Flashlight .. .40
The Clangora 44
Touch Switch 52

The- F'uz.z.balf
1Gitti1t9System

TO find out the level
of difficv.lty For each
of th ese projects ,

t lAY'I1 to P IAz-zball [o r
the aflSWef'S.

The sc-ale is froM
1-4, With fOIAf'

PIAZ-Zballs bein9
the reore d if f icv.lt

Of' advanc-ed
projects, J lAst look.
tor the P IAZ-Zballs in
the openinq heeder,

'y01A '1I also fi nd
infof'Mation indlAded

in each erticle. on
any specie! tools

Of' sk. ilis YOIA ' "
need to C-OMp lete

the projec-t,

Let the
soldef'in9 begin!

I
was staying in a
remote part of the
Fiji Islands, in the

s pring 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?"

I set out on a track
through the under­
growth - then dark­
ne ss fell. I pulled a
sma ll krypton flas hlight from my pocket and
switched it on - it quickly faded and died .
Then a truly terrifying storm overtook me , and
I 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 brightn ess. With the
present design , I aimed for brightness and sim­
plicity. In regards to sim plicity, the wind-up
flash light, on its case, has a single wind-up
knob - nothing more - an d intern ally, it uses
only a handful of components.

The circuit has been balanced so that a
regular, leisurely wind will keep it sh ining
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 I. Schematic

con tinuous winding
(see the side-ba r
for suggested modifi­
cations).

In contrast with
other flashl ights , my
wind-up flashlight uses
no batteries at all - not
even recha rgeables.
The five white LEDs
which are used should
last hundreds of times
longer than a filament
bulb - and if a unip o­

lar stepper moto r 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 hear t of the Wind-up Flashlight is its
"power plant" or generator, which ma y be
almo st any four-phase unip ola r stepper motor
betwee n 6 and 20 volts. These usually have five
lea ds, or six - and in rare ca ses, even eight.

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

• In the case of five leads, systematically
measure the resistances ac ross the various

I. l. ~

~
~ ,.,r~.h.'~

~
f! ~ ~ ~

:J t>- LEo l LED2 LED] l EO" LED
Unipolar I J.. , , J.. •St epper V+ 5'OHNMot o r rs,

O .. • C 0
Yo ur I

0 1 0 '
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Wind-Up Flashlight
I .- -- - -~~;.- ... -~.~~~~~'•.•..3

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
Cl. Assuming that a smaller six volt stepper motor is used
(e.g., from a modern scanner), each phase will produce up
to lOrnA output with a brisk wind, which means that all four
phases together would produce about 30-40 rnA.

Since the present circuit draws around 7.5 rnA, 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 IlF, 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 rnA
current (that is, up to 150 pulsed white LEDs if a truly pow­
erful stepper motor is used)!

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
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C4 + DZI

Oo22FI 6.2 volts
Cl + 1 watt

4iOOJIF
16 volts C· + LED6

~~ Ultrabright
O.22F Red

Figure 2. Optional improvements to the circuit.
________________________________1

device is shown in Figure 1. In order to conserve power,
LED1 to LED5 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. I 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
elements of a low power "clock
generator" which pulses LED1 to
LED5, 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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Project

smaller stepper motor is used.
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

In Use

Briskly wind the flash light, 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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A few components
require special handling ­
namely U2 and LED1-LED5
- which are all static-sensi ­
tive. Discharge your body to
earth before handling. All

, components should be of a
high grade, since loss of
power through low-grade
components could lead to a
less efficient flashlight.

The wind-up flash light 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.
Cap acitor 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 circu its 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 sh aft and mounting holes , and bolt it to
the case.
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order on line is avai lable at

www.testntooIS .com

or fax your P.O. to 909.947.8802

C ircl e # 123 on th e Re ad er Se rv ice Card.

OM-4061A $89.95
(1.S-2S0 MHz)

Modul ation :2KHz sinewav e

Crystal Osci lla tor : 1-1S MHz

Oscilloscope
05-45010 (10MHz) $139.95
05-45020 (20MHz) $269
05-22250 (2SMHz) $315

b ====:;:;'; 05-45040 (40MHz) $399 .95
05-22400 (40MHz) $469 .95
05-22600 (60MHz) $679
05·221000 (100MHz) $849.95

Oscilloscope Probe
HP-9060 (60MHz) $15
HP-9100 (100 MHz) $20

I HP-21 00 (100 MHz) $20
HP-9250 (250MHz) $29
HP-9258 (2S0MHz) $39

Audio Generator
10Hz-1MHz, sine I square

AG-2601 A $119, analog display

AG-2603AO $225 with built-in

1S0MHz Ireq .counter , digrtal displ ay

Signal Generator
(100k-1 S0M Hz in 6 ranges

RF output: 100m Vrms)

5G-4160B $119 (analog display)

5G-4162AO $224.95 wlbu ilt- in

1S0MHz Ireq. counter (digital display)

Triple Output Power Supply
P5-45303TE $214.95
30VDCx2 @ 3A, li xed SVDC @3A

P5-45305TE $235.95
30VDCx2 @ SA, l ixed SVDC @3A

IC/(EP)ROM Programmer
0IC-17001 $209.95
(Digita l lC Tester) : 14-24 pins

L1C-17002 $579.95
(linear IC Tester): 8-1 6 pins

EOP-17003 $249.95
(EPROM Programmer): w /U SB port

lunctions: type I read I blank check!

program /v erify I erase I disk I

help I process Iparameter

Soldering Station
55-31976 (SOW) $36
55-31998 (1S- 60W) $27
55-31010 (48W) $46
505-31916 (solder/desoldering) $255

::;.?~ 'optional rep laceme nt tips avai lable

Soldering Pot 5p·3 1014 $19 .95

Tin Pump TP-31817 $4 .50

IC Extractor $1 .65

PLCC Extractor $4. 50

OJ

Function Generator
0.SHz-3MHz Sine , Square . Pulse,

Tria ngle , Ramp

"'iUi1~-~ FG-22030 $120
\1::::1.... FG.22032 $185 wi built -in

60 MHz freqency coun te r

T~LS PO Box 97903 Raleigh, NC 27624

*1 year warranty on parts and labor. 15-day money back guarantee

u

Windowsl '9S is a U.S. registered tlBdenwk of Microso ft COI'pOnllion.

the ready - and it certainly beats str ik­
ing a ma tch ! In fact it's qu ite se rvicea ­
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 NY

~ GLOBAL SPEClAL77ES
~S O F TW A R E

w Pro t oLab 4.1 - C:\P LB8\ RMP_ BIP.WPF

Circle #122 on t he Reader Service Card.

..

1-800-572-1028· For more infor mation, please visit:

www.globalspecialties.com

should be the risk of the flashlight
being exposed to severe weather, you
might wish to so lder Uland 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 a lways be at
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Snap, Clank, Clatterl
Give Neil Peart a Run With this Metallic Sound Synth

The ea rliest electronic music synthesizers were key­
board-based instruments , played not unlike an
organ. Shortl y thereafter, clever designers started

apply ing synthesis techniques to drums and percussion.
This has revolutionized the music industry and ma ny drum­
mers today augment their set-ups with electronic equiva­
lents , or even forego tradit ional trap kits altogether in favor
of synthesized percussion. Adding to the versatility, elec­
tronic drums can be easily put under computer control
thanks to the popular MIDl interface. And all this is available

to the experimenter, especially since Nu ts & Volts maga­
zine has presented a number of construction articles over
the years explaining how to build pro-quality instruments
from scratch.

But one notable instrument has been missing from the
DIY arena ... until now. The cymbal and its relatives (collec­
tively referred to as clangorous instruments ) have not been
part of most homebrew music systems. The reason for this
is that clangorous and metallic sounds are among the most
difficult to synthesize realistically, and many experimenters
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Figure I . Block Diagram
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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
extend ing 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
clan k 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
ope ns things up for tweaking the sound.

The clatter section beg ins 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 ent ire audio band.

Other controls contribute to the fantast ic versatility here .
The bas ic pitch of the noise can be set, as mentioned above ,
but can also be swept in response to the master envelope

lC4a
1/44001

R85
SOOK

CLANK
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R35
39K
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A cymbal sound consists of at least three ma in sonic
components. First, the re is the initial snap of the stick strik­
ing a sur face . This is ca lled the impact tone and is quite
short and sharp. Immediately after this follows a metallic
clank, which might hang on considerably longe r 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 the ir interaction creates what can be
called the clatter. Altogethe r, a lot goes on when you.smack
a cymbal! And yet, with a bit of ingenuity, it is possible to imi­
tate these components electronica lly.

Refer to Figure 1, which shows a block diagram for
Clangora. You will notice that there are three major aud io
components: the impac t, clank , and clatter generators. The
impact generator sports two controls - one to set the overall
volume and one to adjust the tone for bas s or treble
resp ons e.

Next, the clank effect is produced by allowing one volt­
age controlled oscillator (VCO) to modulate the frequency of
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ha rdly know where to
begin . Bass drums, tom­
toms, and even snare
drums are fairly straight­
forward to mimic, since
the easily-synthesized
damped sine wave is at
their heart. But metallic
sounds like chimes, cym­
bals , cowbells , and the
like are another matter
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
exactly duplicate the stan­
dard hi-hat, but Clangora
does suggest the sound
more closely than an y
other analog circuit you're
apt to meet. And besides,
the C1angora is capable of
a wide variety of other
metallic sounds. Yes it's a
big circuit , but as you'll
see, the individual modules co mp rising 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 turn ing our attention to construct ion deta ils.
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both an "open" and a
"closed" sound depending
upon how tightly the platters
are pulled into contact with
each other. Jacks JI and J2
send open and closed trig­
gers to the unit. To ensure
that C1angora is compatible
with as wide a range of
musical gea r as possible,
op-amps lCIa, IClb, and
their associated compo­
nents clean up the input
triggers considerably. Let's
trace the closed trigger as
our example, bearing in
mind that the open trigger
works the same way.

C24 differentiates an
incoming pulse and applies
it to comparator ICIa. The
threshold of the comparator
is set at about 1.8Y by
means of divider R35/R12.
The output will snap cleanly
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
config uration, it is set up as high power R-Sflip-flop. Pin 2 is
the set input while pin 6 provides the reset funct ion. 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-Sflip-flop, and its
output selects one of two possible discharge paths.

By the way, it shou ld 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
cha rged 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
outp ut to ground , thus clos ing the hi-hat. An ordinar y 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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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 circu it.

The impact, clan k, and clatter tones are all summed at
the master YCA. This YCA changes its ga in 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 pe riod of
several seconds. A real hi-hat is controlled by a foot-pedal
which opens and closes the platters - the decay of the open
pa ir, of cou rse , is much longer than that of a pa ir snapped
up aga inst each othe r. So , the YCA is managed by two inde­
pendent envelope generato rs.

There are separate trigger jac ks for these letting you
control both aspects of Clangora by computer. And for real­
time percus sion ists 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 actuall y works its magic.

}CGf ICBpower. pin 14 - +15V
1/640106 pin 7 - ground

Not shown: bypass cepacrlor C27
(0.11JF) shunts the power pins of ICB.

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 YCA is controlled by one of two envelopes
chosen by the envelope select logic - recall that a hi-hat has

How the Circuit Works
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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).

lC2b sum s the voltages that control the VCO's output fre­
que ncy. As mentioned earlier, the noise output is applied via
potentiometer R22. A center frequency or pitch is set via a
fixed voltage supplied by co ntrol R69. And the clatter enve­
lope generator can sweep the frequency of the noise source
dynamically, than ks to the input ap plied to pot R68. All in all,
you get a tremendous amo unt of control over the sonic qual­
ities of the clatte r 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 pass ing on to the break-jacks men ­
tioned earlier. Use these to inser t add itiona l processing if
des ired; otherw ise, the signa l simply moves on to the master
VCA, yet to come.

Now turn your attention to the clank section in Figure 4.
As des cribed above, two VCOs are pressed into service here ,
one modulating the frequency of the other. lC8 is the control ­
ling oscillato r - this 566 chip being configured in the stan­
dard way, since we don 't need much range here. C26 and
R23/R3 provide the ma in 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 triangl e wave, found at pin 4.

The second oscillator, lC9, is configured like that in the
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CLANK
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trol is in effect , while D9 indicates that the closed control is
engaged. And in case you 're wonde ring why an off-the-shelf
fli p-flop was n't used , consider tha t it has to sink a substantial
amo unt 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 au xiliary outpu t (pin 7) for
the LED. As mentioned above , the cur rent ly se lected enve­
lope voltage is developed across C45 , and the emitter follow­
er made up of Q4 and associated components buffers the
signal. Q3, 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 generato r. A stra ightforward one comprising D6, R2,
R85, and C43 creates the desi red envelope that's buffered
by Q2. All in all, it's a very simple affair, but does work
qu ite well.

That pretty much covers the envelope generator stuff, so
let's move on to the clatte r 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 oscillato rs 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 natu re.
The six outputs are summed by mixer lC2a, and then cou­
pled to the clatter noise dep th control R22. But rather than
tapping this as an aud io outpu t, let's continue by using the
signal to modulate a VCO. This is a sweet way to make the
noise sou rce tunable over the ent ire
audio spectrum, yielding deep bass
rumbles on up to brittle treble
sc reams.

The noise output is used to mod­
ulate the frequency of a 566 VCO
ch ip and associated components.
Like the 555 we saw ea rlier, this is a
very non -standard configuration
which ma y be new to you. For
star ters , notice how the chip is pow­
ered. Usually pin 1 is grounded, and
+15V is applied to pin 8. But in this
situat ion, we put pin 1 at -15V and
pin 8 at ground. Don 't let this
strangeness worry you - as far as the
566 is concerned, the re's still a pos i­
tive 15V potential straddling its sup-
ply pins. The reason for taking this
odd approach is that we can now do
clever things to obta in a much wider
and predictab le response. The details
of how it works are beyond the scope
of this article, so let's just note that
the internal current source of the 566
(accessed via pins 5 and 6) is placed
within the feedback loop of op-amp
lC2b. This has the effect of forcing
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But to finish up the VCA,
the gain cell output is sent to
an op-amp internal to the
NE570 whose gain is set by
R32 and R40. Cl 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.

The second half of the
NE570 compander chip is
configured in an identical
fashion to create a master
VCA. Notice that the various
aud io inputs (clank, clatter,
and impact tone) are
summed first by mixer IC3b
and then appl ied to the volt­
age controlled ampl ifier. The
mixed output is tamed by vol­
ume control R28.

One final detail - on all
of the figures , you might have
noticed some capacitors that
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Throw in control R27 and you now have the
power to adjust both the volume and tone of the
impac t 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 se rvice
(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.
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
ampl itude 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.

thump
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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 IC4c. Thus, the output passed on by diode 05 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 .

Back View
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pets of component leads, or short pieces of bare buss wire
for most of these. However, note that three connec tions 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 pa nel and
enclosure. To make the Clango ra co mpatible with other stu­
dio rack-mounted gea r, a standard 2U panel is perhaps best.
This has the dimensions of 3-112 inches by 19 inches, and is
usually made of 1/8 inch alum inum stock. Figure 8 shows a
suggested layout. After marking and drilling all holes , con sid­
er using a co mputer art program with decal transfer sheets to
label everyth ing. Several coats of clear plastic paint will pro­
tect the pa nel from most abuse. By the way, you can use tiny
angl e brackets and #4 hardware to secure the PCB boa rd
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 fort h 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 -
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Your first step is to 09 . ' R4 •

gathe r toge ther all of the
components; refer to the
Parts List. There's a lot of
them, but fortunately most
are pretty easy to find. The
NE570 , which was an extremely popul ar chip 20 years ago ,
is perhaps a little ha rder to locate nowad ays. However, as a
se rvice to readers, arrang ements have been made so that
you can obtain it by mail order especially for this project. See
the Parts List for details.

The re's noth ing especia lly critical about the Clangora, so
it could be wired by ha nd as long as you are patient and neat
about it. But since it's a large circuit, perhaps the ea siest way
to go is by means of a PCB. Figu re 6 shows the lifesize art­
work, and can be seen on the Nuts & Volts website
(www.nutsvolts.com). You can find suppliers for mo st of
these circuit board production items in the advertisem ents
within Nu ts & Volts magazine.

Figure 7 shows the pa rts placement gu ide. The orienta­
tion of the components should be obvious, but be su re to
double-check your work as you go along. In pa rticular, make
ce rta in you get the pola rities 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 ca n use leftover snip-

Let's Build ItI

weren 't mentioned. Most of
the se are bypa ss or decou­
piing caps. These should be
attached as closely as pos­
sible to the power supply
pins of the various chips.
The ir purpose is to prevent
undesirable interaction as
any garbage attempts to
hitch a ride down the power
supply rails. These capaci­
tors are important to pro­
quality sound equipment,
so don't sk imp on them.

1·11_ 'I,·1 /4' -1/41-1141-1/41-1/41·1/41-1122"/21·1/41-114

1-------- - ------------- - 19 - - - - - - - - - - - - - - - - - - - - - - -
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BUILDING ITt - NUTS & VOLTS CAN HELPI
C1angora is a big circuit , so necessar ily t he description here has had
to be short and t o th e point. But if you 're the type of experimenter
who clamors fo r more details, th en yo u need look no fu rther than
Nuts & Volts. O ver the years, Nuts & Volts has published a number of
articles which directly influ enced the implement at ion of Clangora
here. Pull these issues do w n from yo ur home reference shelf, or
check out the availability of back issues on the Nuts & Volts website.

• "User's Guide to Special Audio Processing I(s," 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

• "Build theADV-Snare," by Th omas He nry and Jack Orman,July 1996,
pp. 71-75 - lots of info on essentia l electronic drum design tech­
niques

• "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 theADV-Bass," by Th omas Hen r y and Jack Orman, November
1996, pp. 56-59 - the simp lest electro nic drum to bu ild , great for
beginners in drum synth esis

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

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,

ResQu.rces
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 fo r 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

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
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TRANSMITTER 2.4Ghz ANT ...,
$41 .30 KIT US$4.901'll1liii~

'. his bow-lie antenna kit is suita Ie for
.4GHz AI V TX I RX kit (K199j. The

antenna was tested with our 2.4GHZ TX
I RX kit & gavegood quality
reception at >100M, as far
as we could easily
test. We are sure " ..
that it has much bette'
range. Kit inc. PCB& case
AU$7- US$4.90
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TRANSMITTER &RECEIVER MODULES
TX434 US$7.70 RX434 US$14.70

RX434RECEIVER
-built superhetrodyne module '

c stal locked at 433.92MHz.
nsitivity 155dBm, 5V DC. range

" pto2kmAU$21- US$14.70
TX434TRANSMITIER
Pre-built superhetrodyne, saw I
resonator locked at 433.92MHz.
Max. data rate of 1200pbs. freq.
tolerance of ±75KHz. 3 -12VDC.
AU$11- US$7.70 NRF401' t . I h' UHFUS$15.40 & US$22.40 IS a ruesing ec IP

Simple tobuild4 channel ULTRA BRIGHT transceiver. It features (FSK)
-kits require no tuning or . WHITE LEOS modulation & demodulat ion
alignment. It uses pre- capability.Bitratesup
builtUHFmodules (Uses US$0.72ea. to20kbitls.Transmit
tx $ RX434 modules), . poweradjustabletoa
encoder & de-coder , You can easily read by max. 10dBm. Oper-
c h ips f or s ec u r e ! the light from one these atesfroma3- 5V DC.
operation. Transmitter. EDs 5mm, Water Size33X22mm.
K 1 90 A AU $ 2 2 - Clear Lens (If = 20mA Downloaddatasheet

For moreinfoontheseand US$15.40 . Receive r MAX,Vf = 3.6V) & manua!fromour
manymorebarlla inscheckout ourwebsite. K 190 B A U $ 3 2 - .' (ELN5W) AU$1.10 ea. site.AU$33 - US$22
www.oatleyelectronics.com · . US$22.40. " " . . • - US$O.72ea.
Suppliers of kits and surplus electron ics to hobbyists, experimenters, industry & professionals. sales@oalieyelectronics.com, PO Box 89 Oat ley NSW
2 22 3 AU S T RALI A . maj or c r e d i t c a r ds a cc ep t e d , P ost & Pack typically, US$6 e conomy. a ir«O .2Kg)

2.4Ghz AUDIONID
& RECEIVER
These high quality units
are complete but
requires some minor
soldering to connee
the de input&
the antenna. A
simple antenna
can be added to
extend the range (for more
detailssee right). A short length a
co-ax is attached to
eachkit. 4 switchable
channels with
indicatorLEDs.
Transmitter: 80 X
87 X 22mm.
Receiver:
110X90 X
18mm.(K199)
AU$59 - US$41. 0 Pail'lil~[jq~;~



1/4" phone jack, N O
I /4" phone jack, NC

IN914 or IN4148
red LED
2N3904 NPN
1458 dual op-amp
400 I CMOS NOR

gate
555 timer
40 I06 CMOS Schmidt

trigger
566VCO
NE570 compander

IC7 - IC9
IC IO

Miscellaneous:printed circuit board, LED
holders, IC sockets, front panel, knobs,
wire, etc.

01 - 0 8
09 - 011
QI - Q4
ICI -IC3
IC4

IC5
IC6

JI - 17
J8,J9
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Saeli g Co . brings to USA unique, easy-to -use contro l and
instrumentation products from overse as. Cus to mers include:
Inlel, Ph ilips, NEC , Kodak, Nok ia. US Military, Microsoft,
D ell , Xe rox, Un iversities , T.I. . Harri s, Son y , J&J,
Thomson , Sandisk, General Dynamics, H-P/ Comp aq , etc .

K2 9p-9p seff-pwrd RS-422J485

K3 9p-9p isolated RS-422/4 85

K3 -232 gp-gp iso lated RS232

K232 ·ISOL 25p ·25p RS232

KD485-STD DINrail · isolated

KD4 85·PROG programmablel

well together. But if you give it the rehearsal time it deserves,
you should come away mastering one of the most versatile
elect ronic drum circuits ever.

BITlink - easily construct control

systems communicating through
IntraneVinternet. BIT2 000 for

process control, building monitoring .

data logging, alarm systems and
other industrial uses. $399 Il.

100pF disc
0.00 IIJF mylar
0.00471JF mylar
O.OIIJF disc
0.0 IIJF mylar
0.0471JF mylar
O.IIJF disc
O.IIJF mylar
4.71JF electrolytic
IOIJF electrolytic

220K
270K
330K
390K
470K
500K linear taper
303M

S5~~!-~~. ~X~:3::C. ~
www.saelig .com·info@saelig.com

TRAKIT
manufacturing

easy-usesoftvvare for
Inven10fy management
BiOs of Materials
SalesOrders
InstantBuilds

• Purchase Orders
• Request forQuote
• RemtxBs
• ReptXts • from $199'

CI ,C2
C3 - C7
C8 - C I I
C12-C19
C20 - C23
C24 - C26
C27 - C30
C3 1 - C42
C43 - C45
C46 - C51

R75
R76
R77
R78
R79 - R82
R83 - R85
R86,R87

~=; ' \t" . ,
USB-COMI (non-isolated) or ANT8 Matchbox-sized USB- DS2200C 200 kSis 12-M 2-ch
USB-485 i (isolated) offer self· powered logic analyzer. Sample USB scope adapter for PC.
powered USB to RS485 con- 8 channels at up to SOO million Looks like a "Digital Scope- on
version with baud rates 184bps samples-per-sec. View traces your PC screen! Take anywhere .
- 3Mbps. PC thinks it's talking to on PC. Print or save for later Great for laptops. and servicing.
a COMport! Only $481$170! review! (16-ch. ver. too!) $199/ Remarkable price: Onfy $189!

ATX Ruggedized Industrial p e s
for any budget or application.
Easy mtnce, economy, reliability.
AMD Athlon XPI7oo, shock·
mounted 40GB hardd rive.
100% Bum-in. CE EMC, 5899'

IK
1.5K
2.2K
4.7K
5.6K
10K
10K linear taper
IOK audio taper
22K
39K
68K
82K
lOOK
lOOK t r immer taper
lOOK linear taper
lOOK audio taper
150K

ALSO: SCALA BLE LE D DISPL A Y PANELS. TEMP-HUMIDITY

MONITORS . THERMOC OUP LE P .C . ADAP TERS . EN VIRO NM EN T

MONITORING S YS TEMS, ED UCATI ONAL SCIENCE PROJ ECTS .

GRAPHICS SOF TARE. AutoCAD PRO GRAMMING CO URSE , USB·

PIC BOARDS. FLASH PROGRAMMERS· IF YOU DON 'T SEE WHAT

YOU NEED MA YBE WE CAN FIND IT FOR YOU?' • ASK FOR ALAN /

CAN bu s - Starter Packs and
cards for almost any board format
& OS. CAN/Etherne t br idges ,
indust rial automation solutions
from Janz AG as used by top
compan ie s all ov er the world.

FT232BM Single chip USB-232
solution with all Windows
lMacILinux drivers. No program­
minglUSB knowledge required!
Easiest answerto update RS232
devices! Only $2,60 (10k)

_~~_EII1iJ "~_"BIiII

VL 100 2" x 3" battery-powered TDS202 0F makes a custom CF ADC·212J100 turns your P Tigers - tiny multita sking BASIC Euroq uartz - Europe 's large st O M-Adap t SM miniboards
analog & digital loggers store card AID datalagger or con- into a great high- speed scope. modules for quick projects. mfr of quartz crystals, osc 's, have two foo tprin ts on either
events, volts, current, pressures troller _ quickly! High-level Samp ling to 100M S/s at 12-bi > 100,000 instr 's/st ICOM200 filters and frequency products . skJe.Nowuseyourultrafinepitch
for weeks. Download to PC and software completes projects in res 'n. FREE sIw turns PC into ready-made controller with LCD Custom filters, high rei . rad tal . SMD compone nts with more
review graphic results or Excel hours. Store GPS/CANbus /A or 0 powerful 2-eh scope, DVM & and keypad. Touch240 comroner osc 's. Novel EQ -H M spre ad- useful 0. 1" inline spaced holes.
spreadsheet. Only $200! data to card, Only $199 (50 qty) spectrum analyzer, $95 _ $1145 - with touchpad and LCD display, sped1Imosc's-.::e EMI rxr:Jiems One-to-one pinouts, $6,99'

PARTS LIST

RI - R3
R4 - R7
R8
R9 - RI I
R12, RI3
RI4 - R21
R22 - R25
R26 - R28
R29 - R34
R35 - R41
R42,R43
R44
R45 - R63
R64 - R67
R68 - R71
R72, R73
R74

sounds and some extremely ugly ones. So you'll want to put
in a fair amount of time experimenting to discover exactl y
what the effect is for each control and which settings work
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Proje ct '~ ;, ":> by Paul Florian
.} ,.t"~_*,;,

Add A Touch
Of Control

Learn About Tank Circuits
With This Simple Project

The assembled touch switch

Theory of Operation

R5

Red LE

1N4148

1N4148

2N3906

100

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 th is 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

C4

You may download a full-size copy of the PCB from
the Nuts & Volts website (www.n u t svo lt s .co m). 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 RI-R5 . Next , mount diodes DI -D3, and LED D4.
Then solder Ll and CI-C5 to the board. Finally, install Ql

and Q2. Be careful to note polarity
and part number when installing
these transistors. Q 1 is a 2N3904
NPN transisto r and Q2 is a 2N3906
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 twist ing
can be accomplished by chucking
both wires in a variable speed drill.
Hold one end of the wires while the
drill is on low speed. Twist until
there are fou r to eight turns per
inch.

The touch plate is constructed
from a piece of 2" x 4" x I /16th
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100 nF D4

+5V

Gnd

R1
5600 2N3904

C1 Q1
1nF

C2 D1 1N4148

L1
220 pF

10 uH C3 R2
R3 R4

220 pF 4700
1K 10K

Figure I . Load the tank circuit and the LED lights

Touch Plate

The circuit consists of an oscillator, rectifier, and
threshold detector. The oscillator is composed of Ll , C2 ,
C3 , and Q 1. The operating frequency is given by F=I / (2
* PI * SQRT(Ll * Ctr ), 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 Q 1. 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-

The 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.
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Conclusion

Testing

All ATOM modules feature
more program space, larger
user RAM AND EEPR OM,
and nea rly 3 times the
executable speed of their

nearest compe titor ! Now the
only choice you need to make is

which BasicATOM is right for you .

• 12-bit analog inputs (8)
• 10-bit analog outputs (2)
· 20 dig ital 1/0
• 32-bil coun ter

$119 qty 1
($99 qty 10+)

LabJack
U12

USB Data Acquisition
& Control

Available now for only ...

ATOM Modules Include: BasicATOM
module, prog ram ming so ftware and printed

documenta tion

Some BasicATOM Features Include:
14K of Program Space

368 Bytes of User I System RAM
256 Bytes of User EEPROM

33,000 Plus Instruc tion Per Second
Three Hardware Timers
Two Capture , Compare

Analog-to-D igital converter
Buffered Serial Port

Built in hardware
32 x 32 Bit Math

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

BASIC MICRO
TE C H N OL O G Y AT WO R K

Visit us on line at WWW .BA5ICMICRO.COM
to see our complete product line

or call toll free at 1-8 0 0 - 869-50 9 5

The BasicATOM is an advanced single-board computer that
runs a BASIC language interpreter within its powerful

microcontroller. The Easy-to-use BASIC language
commands control 1/0 , allows the ATOM to interact
with other integrated circuits, turn devices on and off,
interface with sensors, and do almost anything you
can dream up. BasicATOMs are powerful enough for
everyone lrom the product engineer to the hobbyist
yet simple enough for classroom use.

"Made in Colo rado, USA , by LabJ ac k Co rp .
info@labjack.com, (303) 942-0 228

• Built-in screw term inals
• Easy-to-use USB
• Everyth ing included
• Use with C, VB , LabVIEW, etc.
• Windows 98SE/ME/2000/XP

P rt V lu

5.6 KQ 5%, 1/4W
4.7 KQ 5%, 1/4W
I KQ 5%, 1/4W
10 KQ 5%, 1/4W
100 Q 5%, 1/4W
I nF ceramic disc
220 pF ceramic disc
100 nF ceramic disc
10 nF ceramic disc
10 /lH inductor
IN4148 diode
Red LED
2N3904 NPN
2N3906 PNP
See text

P rt 0 slgnatlon

RI
R2
R3
R4
R5
C I
C2,C3
C4
C5
LI
D I-D3
D4
QI
Q2
Plate
Hoo kup wire

inch th ick 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 betwee n the
touch plate to the circuit board.

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 Dl 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 Ql
to ground should read 1.6 VDC, the voltage at the cathode
of D1 to Gnd sh ould measure approximately 3 VDC, and
the LED should be on . If different resul ts a re obtained,
check the correct installation of DI-D3, and LED D4.

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
betwee n 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, us ing the equation (Vsupply - Vd2 - Vd3 -Vled)/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 co il cu rrent in the same manner.

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

r Build A Simple Touch Switch
~~---"~--!!lti
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Tech Forum

Tech Forum

Is the state-of-the-art in video
te leconferencing good enough to
conduct music lessons over a camera
pair on the Internet? Is anyone
currently doing th is? I would like

different frequencies , as I know
temperature would affect the results .
Would th is work? I 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 De nn is Anderso n

O nta rio, Canada

QUESTIONS

I am using a 40 17 sequencer IC
to light a small Christmas display,
using the first nine steps to light each
element. On the tenth step, I would
like all nine outputs to light up , and
then repeat. I am us ing relays (12
volts , 700 ohm co il) to inte rface the
IC and display. My problem is, I can't
get the nine outputs to light all at
once. How do I wire this?
#11031 Sam Azzarelli

via Internet

I 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. I was thinking that a
quartz crystal , with a self resonating
circuit, could just measure the

Does anyone
find plans to
refractometer?
#11033

know where I can
build a digital

D r. Bolt
via Internet

recom mendation s on the best buy in
cameras and software , assuming that
bo th pa rt ies ha ve mid-grade
com puters 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 a nd AR8000
scanners and AOR keeps telling me
tha t they are working on it, but as of
yet ... nothing. If th is 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

This is a READER-TO-READER Column. All
questions AND answers w ill 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. Al l questions submitted are subject to
editing and will be published on a space
available basis if deemed suitable to the
publisher. All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are
made by the publisher.The implementat ion of
any answer printed in th is column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

Sendall material to Nuts & Volts Magazine,430
Princeland Court Corona, CA 92879, OR fax
to (909) 37 1-3052, OR email to
forum@nutsvolts.com

ANSWER IN FO
• Include the question number that appears
directly below the question you are responding
to .
• Payment of $25.00 will be sent if your answer
is print ed. Be sure to include your mailing
address if responding by email or we can not
send payment.
• Your name, city, and state, wi ll be printed in
the magazine, unless you noti fy us otherwise.If
you want your email address pr inted also,
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indicate to that effect.
• Comments regarding answers printed in th is
column may be pr inted in the Reader
Feedback section if spaceallows.

QUESTION INFO
To be considered
All questions should relate to one or more of
the following:
I) Circuit Design
2) ElectronicTheory
3) Problem Solving
4) Othe r SimilarTopics

Information/Rest rictions
• No questions will be accepted that offer
equipment for sale or equipment wanted to
buy.
• Selected questions will be pr inted one time
on a space available basis.
• Questions may be subject to editing.

He lpful Hints
• Be brief but include all pert inent 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.

I am a major audio and music
buff. I wou ld like to build a disp lay just
like the one on an audio eq ua lizer that
provides a visual display of the seven
major bands.

Does anyone have a circuit that I
could use to ma ke this us ing LEDs? It
would really add to the setup I have
now with my LED VU meter.
# 11036 Shon Kelly

Ottawa, Canada

Does anyone know of a simple
da ta logger I can use? I want to record
the time and da te of each instance a
switch is turned on and off, and keep
it in memory.
#11 037 Joel Fleuranceau

France

I ju st 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 I ca n use just to get in?
#11038 Jeanette Jernigan

via Internet

I would like to build an ultrasonic
cleaner suitable for small objects
(jewelry, watch pa rts , etc.). Does
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an yone know whe re I can find plans
or a kit?
#11039 John E.Wilford

via Internet

I need a circuit that will tra ck a
changing voltage (+0.1 to +0.9 V) and
allow me to use a potentiometer to
create an off se t of ± 0 to 3 millivolts .
The sensed volta ge fluctuates several
times a second. I need to be able to
adjust the offset to an average of 0.45
V. I have a supply voltage of 12 volts
ava ilable; this circu it is to track the
output of an automotive 02 sensor.
# I 10310 Bill Mayhar

via Internet

I want to build a cu rren t sensing
switch that will turn on an audio amp
when my telev ision is switched on
with its remote. The switch might also
be used with higher cu rrent devices
such as an indicator on the heating
elements in my hot wate r heater. I
would like to use a pass-though type
sensor (toroid transformer?) so as
not to break the power circuit of the
dev ice being monitored.

Any po inters to such circuits
would be appreciated.
# I I 03 I I William T. Stanton

Ardmore, OK

I'm looking for a temperature
sens ing circuit that will ligh t each of
th ree LEDs at approximately 80
degrees F, 90 F, and 100 F.
# I I 03 I 2 Matthew Seltzer

via Internet

I 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 I pro tec t device B
ag ainst a supply po larity reversal,
taking into account the ground path
to device A through the serial line?
# I 10313 Luke Barker

via Internet

need to rebuild the
rectifier /reg ulator in the ch a rging
system of an old motorcycle , which
was destroyed by battery acid . I
chipped away the epoxy from the
circuit, but in the pro cess , I gu tted

some of the components from the
heatsink. I have on ly been able to
make out a few of them - three SCRs
(25 A, 400 V, TO-220 sty le), some
1 K resistors, a small 5 K pot, two
small transistors (one is C2N5403,
the oth er is burned up ), and three
small diodes (l N403) .

What is the design of such a
circuit that regula tes the battery
cha rging volt age even when the
generator RPMs change? Does
anyone have a replacement circui t I
can use?
#110314 Craig

via Internet

ANSWERS

[08033 - August 2003]
The PLL system of my Kenwood

R-5000 SW receiver went out and I
d iscovered that Kenwood OEM PLL
bo ards are dreadfu lly expe nsive.

There are fi ve phase loops in
this sy stem, but I'm certain on ly
one or two components are bad
among the hundreds on the board.
I have a factory manual and have
access to (and am ab le to use) an
oscilloscope, VOM, etc., but have no
idea how to begin debugging the
circular system. It does not loo k like
the Kenwood we bs ite will help .

Here are so me 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, so meone with in 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
bu lletin 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' ha rd
goop (har d synthetic rubber)
covering seve ral 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 , th is 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.

I hope this helps.
Mort Arditti

Los Angeles, CA

[08034 - August 2003]
Is there any way I can increase

the speed of th e uplink connection
to my server? I am using th e
WINVNC software. When I dial ou t,
I con nect at 50 kbs. How ever, w hen
I dial into my server, I connect at
26.4 or 28.8 . I k now 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
ta ke ad van tage 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
digita l and digita l-to-analog con­
versions . I suspect that when you "dial
out ," you are referring to connecting to
your Internet service provider. Your ISP
has a ban k 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 th is 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

NOVEMBER 2003 Continued on Page 104 ss
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from reading news papers. (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 - th e Trans rad io News Service - was
the object of lawsuits by the conventional news services
almost before it started business. (Perhaps ironically,
some of the la rgest newspapers were either buying or

establishing rad io stations. )
Despite this enmity, there were people who hoped to

bridge a gap be tween rad io a nd newspapers. One such
person was an engineer named William G.H. Finch. His
company - Finch Telecommunications Laboratories ­
had developed a simple a nd low-cost system for trans­
mitting and receiving facsim ile (now kn own as FAX) by
radio. He applied for his first patent in 1935.

Rad io facsimile was nothing new. The first radio fac­
simile system was patented in 190 5, a nd its ea rliest
application was transmitting weather ma ps and other
data to ships at sea (a practice that continues today). By
the early 1920s, news services were tran smitting photos
by rad io facsimile (the first wirephotos). Between 1926
and 1932, RCA established radio facsi mile service via
shortwave between New York and London, San
Francisco, Berlin, and Buenos Aires .

In theory, radio facsimi le transmission involved little
more than substitu ting a radio carri e r wave for te lephone
wires . But the realit y was not that simple. Transmitters
and receivers were complicated and temperamenta l,
and usually requi red tra ined ope rato rs . Until Finch 's sys­
tem, radio facsimil e equipment was just too complex

and costly for most commercial
applications.

Finch had three rivals: RCA,
Ge nera l Electric , and Western
Elect ric, each a cor porate giant
that might have crushed him. But
as a 1937 ar ticle in Business
Week put it, the Finch system was

•
•
•
•
•
•
•
•
•
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

left smudges.
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Fr most folks , the Great Depression conjures up
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 g round to
a ha lt, technology was booming. In terms of new appli­
cations and demand, technology experienced almost
unceasing growth throughout the 1930s.

As the decade prog ressed , electricity extended into
rural areas. Automobiles became
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 co me.

Radio was the star of technolo­
gy, and the growth industry of the
1930s, la rgely because it touched
the lives of nearly eve ryone. So , as
more powerful transmitte rs were
built, more reliable receiver s
poured from the factories. Deco style came to rad io 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 qu ickly
became the norm. Rad io was not welcome in all corners,
however. Newspapers found radio a de finite threat. It
competed for advertising dollars, and lured people away
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THE NEW ART OF SENDING
A ND RECEIVING PICTUR ES

scanned. Electrica l signals from the photocell varied with
the darkness or lightness of a given spot on the paper
be ing scanned. A carrier wave was modulated with these
signals , and the signal broadcast on an ag reed-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 rad io signals were convert­
ed to electrical impulses. A stepper motor on the printer

moved a roll of paper 1/l00-inch at
a time, after which a stylus would
glide across the paper's surface.
When the stylus' driving mecha­
nism received an electrical im pulse
(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/l 00-inch at a time.

Participating broadcasters
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 advertis ing 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, facsim ile broadcasts were not
as "tole ra nt" of static as voice broadcasts. A burst of stat-

by Michael Banks

Figure 2. Efforts were
made to educate the
potential customer

about radio facsimile ,
but withou t getting

overly techn ical.

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

RCA had begun negotiation s for online versions of
fou r New York newspapers (The New York Times ,
Herald Trib une, A merican , and World-Telegram) in
1935. But even though experiments were made over the
ensuing two years , no system was in place. Finc h, on the
other hand, had sold th ree US radio stations on testing his
"radio printer" system by the end of 1937: WGH in
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Newport News , VA; WHO in Des Moines, fA; and KSTP of
St. Paul , MN. The broadcasters received FCC permission
to transmit radio facsimile signals in September of 1937,
and the first transmiss ions of "radio-printed" news were
made by KSTP the week of October 15, 1937. In
November, the Iowa and Virginia stations were also broad­
casting ra dio-printed news.

The typical rad io fac simile unit was housed in what
appeared to be (and usua lly was) a large rad io 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 ca rbon­
backed or heat-sensitive . Carbon-backed
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 simila r to that used by 1970s print­
ing calculators and FAX machines. The
chemical treatment required for the latter
gave the paper a gra y or green tint. And the
carbon-backed paper was a bit messy, but th e
quality was acceptable. Text and images were
printed in black or dark gra y in two columns .
Photos and half-tone artwork didn't co me
th rough as well as in regular newspapers , but
line art reproduced nicely.

In operat ion , the scan­
ning end of a radio facsimi­
le transmission involved a
moving photocell pa ssing
over text and image to be

FAX Ma'am",



Now Radio Hams - Amateurs
Can Build REA D0 from Kits

Figure 3. It was hoped
that radio facsimile would

have special appeal for
radio amateurs, who
were always seeking

new pro jects.
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sumers was nominal.
Rolls of heat-sensitive
paper cost $1.00 each,
and the estimated cost
of the paper used in a
week would be $0.10.
(Pa per consumption
was projected to be
about five feet per hour
of transmission.) The
cost of electrica l usage
in the average home
would be increased by
only $0 .20 per week.

Most stations
worked with local news­

papers to provide the radio-printed news. (The excep­
tions were WHO and WGN, which used Transradio News
Se rvice 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 yea rs 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 Cro s ley, 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

PLAT EN
T RACK

EVERYTHING $4995
YOU NEED

COL·_ ·'''''~'O ·••~U 'H" "."I

-- ."- ,........· ' If.

(.,LI " ".,,
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Figure 4. Deta iled view of the
printing mechanism from the
Crosley Reado radio printer.

Full y ap preciati ve of the amateur 's plac e in th is new

art. Cros ley now offer s t o th e amateur the Reado kit
which, when assembl ed , is a complete Reado printer

cap able of printing all Reado transmiss ion .

Rad io fans an d especially "hams" in th eir natura l en ­

thusiasm for new deve lopments in radio. combin ed
wi th the conside rable saving in price of the Reado in
kit fonn, are anxious to get into th e newest fonn of
radio transmission, facsimile. The opportunity of
sending and receiving Q.S.L . car ds. photos. wiring
diagrams an d pri nted mes sages by radio opens a new

field of in terest to the amateur from wh ich he will
not only receive new thrills but will find himse lf con­
tributing many new ideas and developments to irn­
prove this new art, j ust as he did in t he earlier days

of voice transmission.

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
(WaR 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
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
for regular facsimile broad­
casts. The St. Louis Post­
Dispatch inaugurated its
radio-printed vers ion using its
own experimental station
W9XZY - broadcasting at
31 ,600 kilocycles.

Once the receiving sets
were in place, the cost to con- CO RK FACED CLUTCH
r------------ ------1 BfLOWGfARD BOX

KffP WfU O/LID
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Figure 5. Wiring
diagram for the Crosley
'Reade' readio printer.
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product.
The public was invited to daily demonstrations of the

system from January 14 through January 24. The venue
was the swank Hotel Gibson on Fourth Street in the cen­
ter of Cincinnati. Although the newspaper ads noted that
Reado units were "Sold for experimental use only ," it was
clear that this was a serious consumer product.

To round things out, the Crosley Reado was adver­
tised with a clever motto: "Radio for the Eyes as well as
the Ears." Radio facsimile printing was even demonstrat­
ed in the Crosley building at the 1939 New York World's
Fair, alongside the Crosley Shelvador refrigerator and
other appliances, radios, cameras, and the new Crosley
automobile. All hosted by the Crosley Glamortone Gals,
of course.

It appeared that the delivery of newspapers by radio
broadcast was ready to roll, and that Crosley would be the
leader in manufacturing the,....-------- - ------,
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capable of turning out 100 sets a day. He dubbed the
receivers and the service "Reado."

These moves by Crosley, whose inexpensive radio
sets were , in large part, responsible for the immense pop­
ularity and growth of radio from 1921 on , were a huge
vote of confidence for radio-printed news. In industry cir­
cles it was taken for granted that, if Powel Crosley, Jr. , the
man the press had dubbed "the Henry Ford of Radio ,"
was involved in an endeavor, it had to be a sure thing.

As was typical of any Crosley product, there were cer­
tain distinctive touches to Reado. Beginning with his first
radio sets in 1922, Powel Crosley, Jr., always tried to beat
the market with lower price sets. Reado was no exception.
Printers were set to retail at $79.50, and designed to work
with any radio. For $10.00 more, you could have an
optional electric timer to turn the system on and off at
preset times. A radio in a matching cabinet was also avail­
able for an additional $60.00.

The man who found that he could use
his decorative speaker housings to make
decorative electric fans (thus saving
money on design and component costs)
found a similar way to reduce the produc­
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
tomers didn't have to buy the radio and the
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
optimum performance.

Crosley was noted for including some­
thing innovative in products he made,
whether it was a radio , car, airplane, or
radio FAX receiver. In the case of Reado,
Crosley developed an improved heat-sensi­
tive paper that delivered crisp images on
white paper. Also enhancing image quality
was the fact that Reado machines printed
a little slower than the Finch receivers ­
three feet per hour, rather than five.

All of this meant that radio FAX users
everywhere would be assured of a better-
performing product at a lower price - a
Crosley hallmark.

With the factory in production, Crosley
launched a complete business and market­
ing plan for the receivers and the broad­
cast service. In January 1939, he placed
large ads for "Reado Radio Printing" in
Cincinnati newspapers. Each ran from top
to bottom of the newspaper page, and was
close to the width of a Reado printout,
more or less serving as a sample of the



receivers. But fate conspired against Crosley, as well as
Finch, RCA, and all the broadcasters who had invested so
much in the radio facsimile system. Money was still tight
in the late 1930s, and consumer response was less than
overwhelming. This made advertisers leery of the new
medium. Without strong advertiser support and subscrip­
tions , the service was doomed. By 1940, radio facsimile
newspaper delivery had ended.

The system might have been resurrected after World
War II. By then, however, television was making its way

~ A-E*&&
RADIO PRINTING

into the nation 's living rooms. Text and pictures by
radio just couldn't compete with television's moving
pictures and sound.

Still, William Finch hadn't lost his confidence in
FAX as a mass communications medium, however.
Right after World War II , he devised a new approach to
transmitting newspapers. He intended to FAX them
over telephone lines into the homes of millions of pay­
ing Americans.

Interestingly, his business plan included local and
regional versions of the facsimile newspapers , plus one
"super-newspa per" for national consumption. (Sha des
of USA Today!)

That didn't go over, either. Television and radio
were more convenient, and people apparently preferred
their newspapers on newsprint. Finch's company
went bankrupt in 1952. (Fortunate ly, he was able to
license some of this technology to RCA over the next

few years. )
There's little left of radio facsimile-printed newspa­

pers today, save for the odd receiver/printer in a radio col­
lection or antique shop. In the 1940s and 1950s, radio
amateurs used modified receiver/printers to pick up
broadcasts of FAX weather reports to ships, but there
really wasn't much use for them, otherwise. That's proba­
bly just as well. Even if radio-printed newspapers hadn't
been killed by television, it would never have survived the
Internet.

Figure 6. The
Crosley "Reado"

radio facsimile
system was sold in
component form .

The main unit - the
printer - was also
the most expensive,
but could be used

with any radio.
For those for whom

decor was important ,
there was a matching

radio. A $10.00
timer rounded
out the system

(convenient if you
went to bed early).
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~::~bo~~n9~~70 ~ Spectra P us

a subsidiary of Sound Technology. Inc. FFT Spectral AnalysIs System

e-mail: pioneer@telebyte.com
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DOWNLOAD FREE 30 DAY
TRIAL!

www.spectraplus.com
/"

Priced from $299
(u.s.sales only - not for expor t/resale)

Fax: (360) 697-7717

• 20 kHz reai-ume bandwith

• Fast 32 bit executable

• Dual channel ana lysis

• High Aesolution FFT

• Octave Analysis

• THO, THO+N. SNR
mea suremen ts

• Signal Generation

• Triggering, Decim at ion

• Transfer Functions. Coherence

• Time Series, Spectrum Phase,
and 3·0 Surtace plots

• Real-Time Record ing and
Post-Processing modes

Applications

• Distortion Analysis

• Frequ ency Response Testing

• Vibration Measurements

• Acoustic Research

Sales: (360) 697-3472

S ystem Requirements

• 486 CPU or greater

• 8 MB RAM minimum

• Win. 95. NT, or Win. 3.1 + Win.32s

• Mouse and Math coprocesso r

· 16 bit sound card
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Miniature DC Motor

Mabuchi # FF-N20PN. Miniature 1.5 to
3 Volt DC motor. Ideal for models and
radio control applications where small
size is important. No load rating:
15,800 RPM @ 2.4 V, 96 rnA. Length
(excluding shaft), 0.654" long x 0.47" x 0.39".
0.039" (1mm) diameter x 0.13" long shaft.
Solder-loop terminals. Large quantity available.

CAT# DCM-166 150 for 60e each

2 for $150 600 for 50e each
1500 fo r 35e each

10.....- 1

tU

17.2V 1200mAh Li-Ion Battery packl

Qualcom m #TABAT0001.
Rechargea ble 7.2 Volt, 1200 mAh
battery pack for Sprint PCS phone,
model #CM-D600S. Great for use in
any applications requiring recharge­
able power. Lithium-ion batteries
have no "memory-effect" and do not
need to be discharged before
recharging. 2.77" x 1.5" x 0.78." $650
CAT# LBAT-35 e ac h

Qualcomm #TADTC0003. Desk-top, drop-in
charger for lithium-ion battery pack, LBAT-3S.
Includes 12Vdc, 300 rnA wall power supply.

CAT# BC·9 $450
each

1\

QUALITY Parts

FAST Shipping

DISCOUNT
Pricing

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

E-MAIL allcorp@allcorp.com

Ci rcl e #5 2 on th e Re a der Se r vic e Card .

Ivory in t
off-state.
Glows green ~~=========.J
when energized by 120 Vac or inverte r. For
backlight ing control panels, special-effects
lighting, models etc. Solderable pins extend
0.2" beyond end of panel. CAT# EL-5

$3
50 20 fo r 53.25 each
each 100 for 52.50 each

Aromat # TW2E-L-12V.
Miniature single coil latching
relay. 12 Vdc, 1440 ohm polar­
ized coil. DPDT contacts rated
2 Amps. Body size: 0.58" x 0.28" x 0.427"
high. PC pins. UL, CSA. CAT# RLY-87

$1
25 10 for 51.10 each
each 100 for 85e each

Ultra-Small 12 Vdc
Latching Relay

Large Quantity Available Class 2
Wall Transformer 6 Vdc 800 Ma

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

CAT # L E D-94 10 for 65¢ each

75 ¢ 100 for 50e each
each 1000 for 35e each

White transformer and cord.
2.Smm coax plug. Center positive.

~~~d~a~Cb;~~~'8~L, $CS

3

A ~eaOCh~.~
60 pes (1 ca se)

52.25 eac h
480 for 51.75 each
960 for $1 .25 each \:

15" X 1" Electroluminescent StriP~

R

4 LED Flashlight
,

"

o

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

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

MAIL ORDERSTO:
ALL ELECTRONICS CORP.

P.O. BOX 567 • VA N NUYS , CA 914 08-0567

c

256 X 64 Graphic LCD Panel

ILL
ELE

JMC# 1225-12HBA
120 mm (4.72") square x
25 mm (1") wide cooling fan.
Dual ball bearing fan pro­
vides reliable output of
88 CFM @ 2600 RPM.
12 Vdc @ 0.6 Amps.
45 Dba max @ 1M. Designed
for 50,000 hours @ 25 deg. C. Thermoplastic
housing and 7 blade impeller. Three 7" pigtail
leads with 3-pin connector (0.1" cntrs). Third
lead is for sensing rotation. Prepped with metal
finger guard. UL, CSA,CUL, CEo Large
quantity available.
CAT# CF-1 53 90 for 53.00 each

450 for 52.25 each
990 fo r 51.50 each
1980 for 51.30 each

Compact, rugged , black aluminum flashlig ht
provides a high-intensity light that can be seen
over a mile. Light is provided by four low-cur­
rent, high-brightness white LEOs, so the batter­
ies last 10 times longer. LED lamps are shock­
resistan t and water-resistant and have a long
operat ing life. Flashlight is 7.5" long x 0.72"

diameter (ha ndle). Includes $12 50
3 AA battenes. CAT# FL-4 each

Also available with ultra-bright red leds. Ideal
where light pollution or interference with night­
vision is undesirable , i.e. dark rooms, astrono ­

my outings, night nature hikes.$1050
CAT # FL-5 each

Incredible Price! 12 Vdc 120mm
Cooling Fan wI Screen

NO MINIMUM ORDER ' All Orders CanBe Charged to Visa, Mastercard, American Express or Discover ' Checks andMoney Orders Accepted by Mail '
Orders Delivered in the State of California must include California State Sales Tax ' NO C.O.D ' Shipping andHandling 56.00 for the 48 Continental United
States · ALLOTHERS including Alaska, Hawaii, P.R. and Canada MustPay Full Shipping • Quantities Limited • Prices SUbject to change without notice.

Epson # EG2404Y-ARr-::::::;::;;;-
Module size:
7" x 2.74" x 0.4".
Viewing area:

5.47" x 1.5". 1200Includes hook-up diagram. $
CAT # LCD·9 2 each
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"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
lyexpensive."

Another key goal in Briere and Hurley's books was
avoiding what they call "islands of technology." As Hurley
says, "I 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 ReplayTV
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 - I don't know if I 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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Focus on the Infrastructure

earning ab out home automation can be a daunting
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
an d vide o, computers, an d all the other areas that home
automation incorporates. So in 1999, a couple of years
into my odyssey of giving my home some smarts, I 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
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
th e 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, I 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."

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,
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Digital UO

Application
Manual

Lab Manual

Manuals on CD

Standalone Use

High Level Languages

SOSSA Microprocessor

Circl e # 147 on the Re ad e r Se rvic e Card .

Analo g UO

Self-Instruction
Manual

Easy to Use

Compact Rugged Des ig n

Seria l Port

Fu lly Assembled o r Kit

Microprocessor
Training System

Primer Trainer Prices Start at $120.00 USD

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, I didn't have four PCs for my

Home Automation

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 lOG
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.

Thinking Outside of the Box

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.

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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TIte_y way to puttogt ge; t it up and running
a great system an

A Reference
R for the, U I ·est o s.

John Kaufeld
Best>elling author of AOLFor Dummies

kids . I do now. Each kid has their own Pc. They're com­
ing home with homework assignments saying, 'Look th is
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 I 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 qu estions - does it still
make sense to put a LAN in, considering how ubiquitous
wireless networking has become?

Da nny: In a heartbeat, I 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 I th ink 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 I th ink 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 cons umer PCs, if you buy a
Powerbook these days , it's going to have Gig-E built
onboard. And the infrastruct ure really doesn't cost any
more to get tha t higher speed, if you have Cat-5e or
Cat-6. You have a lot of growth potential in your wired
infrastructure.

Wireless is ge tting be tte r. And yes, you can potenti al­
ly get 54 megabits a second ou t of 802. 11G. But in the
rea l world , you' re still getting maybe 20-25 megabits per
second, and that's rea lly pushing it, if you wa nt to do
something like sending HDTV vide o over your network .
There's not really a quality of service mechanism yet. I
think that will be solved ove r time, but I th ink that you
will alwa ys ha ve a speed advantage on a wired network,
and it always ma kes sense to put it in, if you can .

Ed: I 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. I thin k that's
going to be ver y, ver y common, along with wireless,
which is great for getting th e car to log on, for sitting by
the pool and logg ing on , for sitting in bed and logg ing on ,
and for being able to go pee r-to-pee r.

Ed: When I read the Dummies book, I was su rprised
that you weren't all that big on fiber optics in the home.
Has that changed any?

Pat : I think that if you look at equipment that's in the
home, or that's be ing 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 do ing 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 do ing an installation of that kind of stuff and mak­
ing it so that it will work in the future, whe n something
actually comes about.

The one thing that we recommended in the book,
and we st ill 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 po int in time, you can buy
fiber for your walls. People who sell some of those kits
that combine home network ing wires with speaker wire
and phone wires and Cat-5 will th row 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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You can earn more money
if you get an FCC License!

Not satisfied with your present income?
Add prestige and earning power to your
electronics career by getting your FCC
Government License.
The Original Home-Study course pre­
pares you for the "FCC Commercial
Radiotelephone License" at home in your
spare time.
This valuable license is Tour professional
"ticket" to thousands 0 exciting [obs in:
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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 as are both built around the idea of PCs in
the home theater. I 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: I think it will. I 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 I think it makes it more friendly
to the average consumer.

I 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, everyone 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 faIling 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 willi 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 ad d 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 I 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 I think an other reason why now, as opposed
to two years ago, is that two years ag o, 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 I 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 playa 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. I 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. NV

.~--

www.plcotech.comlscope136

Request your FREE Test & Measurement
catalogue and Software & Reference CD , or visit:

...

Tel: 585425 3753 Fax : 585 425 3835 E-mail: sales@picotech.com

• High speed, 5GS/s dual channel oscilloscope
• 50MHz, SOdS dynamic range spectrum analyser

• PicoScope & PicoLog software supplie.d_~F~R~E~E~ii~~.
• Plug into any desktop or laptop PC ,~:

• High resolution> 12 bits
• Large 12SK memory
• 1% DC accuracy
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Electronic Science Lab

Elenco Educational Kits

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

Everything you need to build 500 exciting projects!
• Learn the basics of electronics. 500 .....= _

different electronic experiments, special
lighting effects, radio transmitter and
receivers, sound effects, cool games and
MORE!

• Includes built-in breadboard and an LCD.
• Explore amplifiers, analog and digital

circuits plus how to read schematic
diagrams.

• Includes 11 pans.
• Lab-style manual included.
• Requires 6 MM- batteries.

Models Available
SC-5OO. Pro VetSiM. Containsover 75 parts If1dl.dng voce reconing Ie. FM radio module. analog meter. transformer,

relay. and 7-segment LED display. Build oyer 500 eJq:l8rvnerlts. • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • •$89.95
sc-3OOS. DeIux. Version.Contains OYer 60 parts. Build Oller 30Clexperiments plus

20 bonus computer int8l1acedexperiments. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •574.95
5C-3OO• Standardv~ Same as sc.300S , but withoutbonus experimeots $59.95
SC-100 · Snap CIra.rits. Jr.. Containsover 30 parts. Buildover 100 experiments.• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •S29.95

Elenco's new Snap Circuits'" make learning electronics fun and easy. Just
follow the colorful pictures in our manual and build exciting projects. such as:
FM radios. digital voice recorders. AM radios. burglar alarms. doorbells. and
much more! Youcan even play electronic games with your friends. All parts are
mounted on plastic modules and snap together with ease. Enjoy hours of
educational fun while learning about electronics. No tools required. Uses °AA"
batteries.

5 versions available.
Build up to 500 projects!

As low as
$29.95.

•Create . " ,

Your Own '"

Exciting Experiments .

Special Offe r: Purchase any of our Snap Circuits and receive a FREE computer
interface kit (Model CI-21) & 20 bonus experiments (519.95 value).

• Variable power control produces 5-40
watts.

$29.95
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Elenco Handheld
Universal Counter

1MHz - 2.8GHz
Model F-2800

Elenco RFGenerator Elenco 3MHz Sweep Function
with Counter (100kHz - l SOMHzl Generator wi built-in 60MHz

Model SG-9500 Frequency Counter
Model GF-8046

Features internalAM mod. 01 1kHz, RF output Generates square, tnangle, and sine waveforms,

: MV. 3SMHz. Audio output 1kHz 0 IV andTTL,C MOSpulse. $199.95
SG-9000(analog.wlo counter) $135 GF-8025 - Without Counter $99.95

Sensit ivity :
o <1.5mV @ l00MHz
o <5mV @ 250MHz
o <5mV @ lGHz
o <100mV @ 2.4GHz

Features 10digtt display, 16segment
and RFsignal strength bargraph.
Includes antenna, NiCad battery, and
ACadapter.

C·2800Case wi Belt Clip $14.95

• large ' " 3 314[)gil
LCO

'~Freq
~ 4M",

• Cap. lo4OOl.&F

• Inductance to 40H

• Res. to " ,(l()()MO

• Logic TeSI

o Diode& Tran51st()(
Tesl

• AudIble ContinUity
TeSI

Deluxe Soldering Irons

Test Equipment

Model SL-5-40 - Incl. 40WULiron.
(Kit SL·5K-40) 52 9 . 95

1IIIiiIi....

Elenco SL-5 Series Welle~ Low Cost
As Low As$24 95 Soldering Iron

Featur es: • Mo de l WLC100
o CushionGrip Handle Soldering
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BIPOLAR TRANSISTOR
COOKBOOK - PART 5

Ray Marston describes a variety of practical oscillator
and white noise waveform generator circuits in this
month's edition of an eight-par t ser ies.

by Ray Marston

C-R OSCILLATORS

The simplest CoR sine wave oscilla­
tor is the phase-shift type , which usual­
ly takes the basic form as shown in
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

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
the amplifier has enough
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 CoR high-

~

I
R1 I

I
I
I
I
I
I
I
I
I-------

\Men network

Oul

C5
10011

Figure 4. BasIC W len
oscil lator circu it.

x3 Non­
Inverting
amplifier

'0 = 1/(6.28CR)

RV2

quency-selective network (A2) in such a way that the sum
of the amplif ier and feedback network phase shifts equals
zero degrees (or 360 ') at the desired oscillation frequency,
i.e., so that x" + v:= 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 des ired 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
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.

Figure 3. 800 Hz phase- sh ift
o scillato r.

C1 C2 C3
10n 10n 10n

R4 R2 R1
56k 10k 10k

R3
10k

:::,,; '~"l......-11-......-11-......-11----. level)

Out

Condition for sinewave generation:
A1+A2=1

Conditions for oscillation:
XO + yO = 00 (or3600)

OV

"">-......-----1~ Out

Figure' . Essent ial Circuit an d co nditio ns ne ede d fo r
srne wave gene rat io n.

Frequency-selective
networK with

gain =A2
Phase shift =yO at '0

R R

C C

Figure 2. T hird-ord er. high- pass filter used
as th e baSIS of a phase -shift o scillator.

Phaseshift = 180
0

at fo = 14kc
VinNout = 29at '0

'"

'In'

To generate reasonably pure sine waves, an oscillator
has to satisfy two basic design requ irements, as shown in
Figure 1. First, the output of its amplifier
(AI) must be fed back to its input via a fre- +9Vto +18V

OSCILLATOR BASICS

The two most widely used types of transistor wave­
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.
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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 Ql 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 Ql 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, RVI 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 rnA from a 9V supply and has an output
amplitude that is fully variable up to 6V peak-to-peak via

+9V

R3
6k8 5V

Oul R2 ,/C1 15k
3n

'1 .5V RV2
10k +

1~lIbLED
(red) Oul

C2 R2 R5 Oul
33n 4k7 2k2

OV
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4k7

Out

20%

80%

R8
3k3

Out

C2
47n

C1
40-250pF

R6
39k

OV

01
2N3904

1011

___r
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2N3904
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+9V 10+12V

R4
4k7

+9V

+6Vto +18V

C3
47n

C1

Figure 8. BaSIC Har t ley
os cillator

100n

Figure 5. Pract ical I kHz Wlen os cillator
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Figure 7. Tuned collecto r feed ­
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pass filter stage tends to
pass high-frequency sig­
nals, but rejects low-fre­
quency ones. Its output is
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
the output signal leads
that of the input and equals arctan 1/(2fCR) , or +45 0 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
RVI 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
able via RV2.

Major disadvan­
tages of simple phase­
shift oscillators of the
Figure 3 type are that
they have fairly poor
inherent gain stability,
and that their operat­
ing frequency can not
easily be made vari­
able. A far more versa­
tile C-R oscillator can
be built using the Wien
bridge network.

Figure 4 shows the
basic elements of the
Wien bridge oscillator.
The Wien network con­
sists of Rl-C 1 and R2­
C2, which have their
values balanced so that
Cl=C2=C, and
R1=R2=R. This net­
work 's phase shifts are
negative at low frequen­
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

NOVEMBER 2003 C ir cl e # 144 on the Re a de r Service Card .
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+9V +9V

Rl C3 Rl R1
4k.7 2nD 4k.7
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R2
10k.
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Figure 9. 37 kHz Colpitts oscillato r.
Figure / O. 80 kHz Go uriet or

Clapp oscillator.
Figure II. Basic Reinartz

oscillato r.

C-Rsine 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-

NOVEMBER 2003

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 ; Ll thus gives an auto­
transformer action, in which the signal voltage at the top of
Ll is 180 ' out of phase with that at its low (Ql collector)

end. The signal from the top of the coil is
fed to Ql 's base via C2, and the circuit
thus oscillates at a frequency set by the
.L-C values.

Note from the above description that
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
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 oscillator cir-

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. Ll-Cl
forms the tuned collector circu it, and collecto r-to-base feed­
back is provided via L2, which is inductively coupled to Ll
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 (dete rmined by the turns ratio of T1) is
greater than unity.

A featu re of any L-C tuned circuit is that the phase rela­
tionship between its energiz ing 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 us ing RF techniques.

+9V

R1
470k

L1

Figure /3 . Emitter follower version
of the Colpitts osc illator.

C1

OV

+9V

R1
470k

L1c+---it-----.

Figure /2. Emitte r follower version
of th e Hartley osci llator.

C1

L-C OSCILLATORS

RV2. QI-Q2 are a direct-coupled complementary common­
emitter pair, and give a very high input impedance to Ql
base, a low output impedance from Q2 collector, and non­
inverted voltage gains of x5.5 DC and xl to x5.5 AC (vari­
able via RVl) . The red LED generates a low-impedance
1.5V that is fed to Ql base via R2 and therefore biases Q2's
output to a quiescent value of +5V. The Rl-C1 and R2-C2
Wien network is connected between Q2's output and Ql 's
input , and in use RVI 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. IfRVI 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 variab le-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.
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MODULATION

The L-C oscillator circuits of Figures 7 to 13 can easi­
ly be modified to give modulated (AM or FM) rather than
continuous-wave (CW) outputs. Figure 14, for example,
shows the Figure 7 circuit modified to act as a 456 kHz
beat-frequency oscillator (BFO) with an amplitude-modula­
tion (AM) facility. A standard 465 kHz transistor IF trans­
former (Tl) is used as the L-C tuned circuit, and an external
AF signal can be fed to QI 's em itter via C2, thus effectively
modulating QI 's supply voltage and thereby amplitude-

Note :
T1 =456kHz
IF transformer

+ ~AF Input (for
I"""" FM output)

C3
10~

R4
10k

01
l N4001

R3
1kO

RV1
t--tI-_v'V'~+< 10k

tune

C1
68n

OV

C4
lOOn

Figure 15. 465 kHz BFO With varactor tuning
and FM facility.

R1
47k

R2
18k

modulating the 465 kHz carrier signal. The circuit can be
used to generate modulation depths up to about 40%. C1
presents a low impedance to the 465 kHz carrier but a high
impedance to the AF modulation signal.

Figure 15 shows the above circuit modified to give a fre­
quency-modulation (FM) facility, together with varactor tun­
ing via RVl. IN4001 silicon diode D1 is used as an inexpen­
sive varactor diode which, when reverse biased (as an inher­
ent part of its basic silicon diode action) inherently exhibits
a capacitance (of a few tens of pF) that decreases with
applied reverse voltage. D1 and blocking capacitor C2 are
wired in series and effectively connected across the T1 tuned
circuit (since the circuit's supply rails are shorted together as
far as AC signals are concerned).

Consequently, the oscillator's center frequency can be
varied by altering D1's capacitance via RVI , and FM signals
can be obtained by feeding an AF modulation signal to D1
via C3 and R4.

CRYSTAL OSCILLATORS

Crystal-controlled oscillators give excellent frequency
accuracy and stability. Quartz crystals have typical Q values
of about 100,000 and provide about 1,000 times greater sta­
bility than a conventional L-C tuned circuit. Their operating
frequency (which may vary from a few kHz to 100 MHz) is
determined by the mechanical dimensions of the crystal,
which may be cut to give either series or parallel resonant
operation. Series-mode devices show a low impedance

C1
68n

___----...,- I Note:In = 456kHz
IIF lransfonner

Figure 14. 465 kHz BFO with
AM facility.

R1
47k

R2
18k

cuit shown in Figure 9.
With the component
values shown , this par­
ticular circuit oscillates
at about 37 kHz.

A modification of
the Colpitts design,
known as the Clapp or
Gouriet oscillator, is
shown in Figure 10. C3
is wired in series with
Ll and has a value
that is small relative
to C1 and C2.
Consequently, the cir­
cuit's resonant fre-
quency is set mainly by L1 and C3, and is almost independ­
ent of variations in transistor capacitances, etc. The circuit
thus gives excellent frequency stability. With the component
values shown, it oscillates at about 80 kHz.

Figure 11 shows a Reinartz oscillator, in which the tun­
ing coil has three inductively-coupled windings. Positive
feedback is obtained by coupling the transistor's collector
and emitter signals via windings L1 and L2. Both of these
inductors are coupled to L3, and the circu it oscillates at a
frequency determined by L3-Cl. The diagram shows
typical coil-turns ratios for a circuit that oscillates at a few
hundred kHz.

Finally, Figures 12 and 13 show emitter follower ver­
sions of Hartley and Colpitts oscillators. In these circuits,
the transistors and L1-C1 tuned circuits each give zero
phase shift at the oscillation frequency, and the tuned cir­
cuit gives the voltage gain necessary to ensure oscillation.

Figure 18. Wide-range (50 kHz-I 0 MHz)
oscillator can be used with almost any

series-mode crystal.
Figure 17. 100 kHz Colpitts

OSCillator uses ser ies-mode crystal.

Figure 16. Wide-range Pierce
oscillator uses parallel-mode

crystal.

+9Vto +18V +9Vto +18V +9Vto +18V
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68k 02
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at resonance - parallel-mode types show a high impedance
at resonance.

Figure 16 shows a wide-range crystal oscillator designed
for use with a parallel-mode crystal. This is actually a Pierce
os cillator circuit, and can be used with virtually any good
100 kHz to 5 MHz parallel-mode crystal without need for cir­
cuit modification.

Altern atively, Figure 17 shows a 100 kHz Colpitts oscil­
lator designed for use with a series-mode crystal. Note that
the Ll-C l-C2 tuned circuit is designed to resonate at the
same frequency as the crystal, and that its component val­
ues must be changed if other crystal frequencies are used.

Finally, Figure 18 shows an exceptionally useful two­
transistor oscillator that can be used with any 50 kHz to 10
MHz series-resonant crystal. Q 1 is wired as a common-base

Figure 20. Two-transistor
white no rse gene rator.

WHITE NOISE GENERATORS

amplifier and Q2 as an emitter follower, and the
output signal (from Q2 emitter) is fed back to the
input (Ql emitter) via C2 and the series-resonant
crystal. This excellent circuit will oscillate with any
crystal that shows the slightest sign of life.

One useful linear but non-sinusoidal waveform
is that known as white noise , which contains a full
spectrum of randomly generated frequencies, each
with equal mean power when averaged over a unit
of time . White noise is of value in testing AF and RF
amplifiers , and is widely used in special-effects

sound generator systems.
Figure 19 shows a simple white noise generator that

relies on the fact that all zener diodes generate substantial
white noise when operated at a low current. R2 and ZD1 are
wired in a negative-feedback loop between the collector and
base of common-emitter amplifier Q 1, thus stabilizing the
circuit's DC working levels, and the loop is AC-decoupled via
C1. ZDl thus acts as a white noise source that is wired in
series with the base of Ql, which amplifies the noise to a
useful level of about 1.0 volts, peak-to-peak. Any 5.6V to 12V
zener diode can be used in this circuit.

Figure 20 is a simple variation of the above design , with
the reverse-biased base-emitter junction of a 2N3904 transis­
tor (which "zeners" at about 6V) used as the noise-generat­
ing zener diode. NV

R1
4k7

+12V lo +1 8V

R2
47k

+

R1
4k7

+12Vto +18V

Figure 19. Transistor-Zener
white noise generator.
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ADV 12

Reader Feedback
Continued from Page 6

processor Alpha based machine that
resides in my basement along with
four other single processor machines.
Micros oft - as mu ch as I personally
loathe anything related to Microsoft ­
released NT for both Intel and DEC
Alpha processors in the mid-1990s.
The Alpha can also support/run
other operating systems such as
OpenVMS, UNIX, and Linux. If your
magazine is going to publish claims
for new equipment, it should first
investigate those claims for validity!

Brian Schenkenberger
via Internet

In th e blurb, I said it is "b illed
as featuring th e world's firs t 64-bit
desktop processor, " which is a
standard way of indicating that the
information came from the vendor.

Plu s, you have to take this in
context. We're ta lk ing about
consumer-level PCs here, not
commercial-grade w orkstations. I
never knew any individuals who
could afford a DEC machine. In the
old days, I wanted a Sun
Sparkstation, but could just barely
pay for a Mac.

Jeff Eckert
Techknowledgey 2003

Dear Nut s & Volt s:
In reference to the Oct. 2003

Q&A column, the second zero
crossing detector circuit has a serious
error in the orientation of the full wave
bridge rectifier . As shown, the bridge
will provide a direct shor t circuit
across the AC input on th e first half
cycle in which the upper AC line is
positive with respect to the lower line.
Should someone build th is circuit and
connect it to their AC house power,
they will be treated to a real light,
sound, and smoke show. The bridge
symbol needs to be rotated 90
degrees counter-clockwise.

David J . Prestel
via Internet

Beginning this month, read ers will
notice th e "Just For Starters " column is
now penned by Ma rk Balch. Mark is an
expe rie nced w riter and has had one
book on digita l logic published by
Mc Graw-Hill. Our p rev io us author,
Georg e Whitaker, ha s left to foc us on
other endeavo rs, though we hope to
p ub lis h future work by him.

- Editor Dan
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Deals! Get the MOST free and
sub scription channels with C-
band digital upgrade! Get high

speed Internet on yo ur big dish!
SKYVISION 800-334·6455.

Int'l21 8-739- 523
www .skyvision.com

UPGRADE YOUR
CjKU-BAND

SATELLITE SYSTEMS
I can help you.

John Horvath @ Minaret Radio
PH: 909-943·3676

FAX: 909-943·2606

SEND FOR OUR LATEST CATALOG II

ZM -4 Whe at st one Brldge .... ed
10 me .. . ...re DC re s istance .
Re s isl an ce measure ment
r.n ge 1 ohm to 1.0 11 M Ohm s
+l 4J.15% ; A s a re s ist ance sub­
stit uti on box it i s adj u.la ble in
t o hm s tep s from 0- 10 110
o"'ms . T"' e cu rrent II ml l of Ih e
r8s ls to r . Is 16- 500 ma depe nd ­
Ing o n se tt in g . Galv an ome ter In dicates ba lance in test
c irc u it . Require s thr ee " D" batt er ies . A lso 22.5 to 200
VDC fo r m or e acc u rate readings above 1000 Oh m s.
5.8 . 7 .3x8 .8. 12lbs s.... Used Re par llble . $34 .50
U.ed Check ed . $49 .50 ; Manua l repro . $ 12.00

Allow m oney for s h i ppi n g o n merchandise .

~~~._~ ~~~.~~~~~~:.~~n:;:;~~~lt=_

, ~~i~i~" ::::: ::;~·:~~~1;:;e~:;"d::~:a~:.. l inthe lnpu l volta ge . Al s o provides
\. Isola tion an d step- I.lpls l ep-d o w n to
"'\ .' . allow t or various in put/o u tp u t volta g••.
~. Inp ut 9S.1301175- 2351190-2601380-520

6OH:r. O u l p ...t 12Q/240VA C 6OH:r
2000VA. 17 .8.11 .4.9.6. 115lbs sh. Un ....-d. $250 _ . 2/$4&0

W EBSIT E: fai rradio.com
E-MAIL: fa irradio @.airradio.c om

PH ONE: 419-227-6573
FAX: 419-227-1313

2395 5 1 Johns RD - Box 1105

Lima. OH 45802
VISA. MASTERCA RO. OISCOVER

Addres s Dept. NN
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Plans/I\its

We sell SMT component

parts In kit form:

Military Surplus

Plan s fo r cellular, AM and FM
radio, GPS , wireless LAN and

more. Other interested
electronic plans.

www.kenneke.com
kenneke@kenneke.com

NiGHTFIRE··ELEcrRONIC-Kn'S
www.vakits.com

ELECTRONIC MILITA RYSURPLUS~

IJ
FAIR RADIO SALES

Components

FREE 110 Pg CATALOG

Elect ro nic components, k its,
test equ ipment, too ls, and

suppl ies fo r hams. ho bbyists,
and businesses. Many har d- to-

find it ems like varia ble
capaci tor s, vernier dials, co il

forms, magnet w ire , and toro ids.
Ocean State Elect r o n ic s

www.oselectronics.com

RF Transistors, Door Knoll Caps,
Power Supplies, Tulles, Coax,

Teflon Wire

I 25C2879 25C2290 3-5002 4CX250BI
See our website for other products
www.westgateparts.com
Westgate 1-800-213-4563

_ ,"."K."'tesh '"I progralJmtt l.iI S 2·06

Pie s rrom S 1.94
I I LeOs flllm S j .7V

TSOr IR rcceb ers (f ilm S 1.15
lED~ (rom S n 26 / 10

Pa) PlIll'ICt'cpIcd · StH \\ o rld\\ idc S 8.77
also for custom prognmming and ejectroee s

engineer ing

Iree stufT: starting with PICmicro controllers, Jal
cornpier, bink-e- led exane tes. be...HIo.Jer... PIC FAQ

• ICs • Resistors • Caps
• Transistors • Inductors

Please Use
Code CJ3

www.litexpo.com
LED Moving Sign

Amateur Radio

l'IC1torodPl0nicro-t o.. rwg"-...d~ofMicJoc:h;p
f pc; ',"1....: ~ ~lJSAO"dO>+-~

UGANDO VCR Educational Products Co.

(Est. 1988)

CCS C Compiler
for PIC Microcontrollers

og C
RS-232 or IR Remote
Controller

: 1- ~I-lndoor/OutdoorlWindow

.. Vers ions availab le
-RediBluelWhite Mono
andMutti-Color

as low as -Built-in Graphics
$ 1691ea -25-41 DisplayOptions

POPVIDEO PLAYER
MMV-80

- Portableslideshow $139/ea
& presentationtool

- ReplayMPGVideo
JPGpix onanyTV

- Buitt-in USB portfor
PC CopylPaste

- A 16M CFcard for
50slides included

(800)719-9605 sales@litexpo.com

Also Ayoilable:
CAN BusDevelopment Kit

USBDevelopment Kit
EmbeddedInternet Demo Kit

Education

Basic Electronics
Digital Electronics

Relay Control
Servo Controllers

PLC Systems
Hydraulic Systems

From Basic to Advanced!

www.UCANDO·CORP.COM

1-800-678-6113

FREE SHIPPING!

Affordable Robotics
Training Courses in:

EmbeddedC language Development Kit

Student Version only$1351
PCWHFull Version $499
PCW Full Version $424

Hordwore only $99
Other Proto Boord Options:

18F452 18F6720 18F8720 12F675

Software Development Kits
Include full IDE Compilerand

In-Circuit Debugger/Prog rammer

Everything you ne ed to ge t
storied in Cs-oll in one box!

262·797·0455
www.ccsinfo .com/picc

FOR HISTORICAL MUSEUM
pre- 1980 microcomput er s,

magazines. and sales literature.
Floyd,VA 24091-034 1.

540-763-3311 • 540-745-2322

Printer Supplies

www.C h ild h oo d Radios.com

'he resource for collectors of
yintale (50s It 60s) electronics:

·Par ts ·Supplies ·How-toVideos
-Tools -Barteries -Adapters -Servlce

Documents ·Message Board.
·Links to Collectors. & More

Inkjet Southwest

Antique Electronics

Inkjet Cartridges
laser Cartridges
Inkjet Refill kits (nol universal)
Copier Supplies
Thermal Fax Rolls

Save 30 - 90% over OEM
All Products Guaranteed

If it prints, call us !
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Security Connectors Wire/Cable

12-H RTELE-RECORDER
• Fully automati c
• Am azing so und
• 2-Year warr anty

Only $69
Call Vakis at

LRA TEK TM-100 EXTENDER
CABLE ASSEMBLY

Test Equipment

S/..Ibxribe todaj!
WWW.tu.lt.5YOlts.COtl1

For TEKTRONI X " TM-S ERIE S MOOUU\R
INST RUM ENTS calibration and repair.

Etedricatly and mech8nk:a11y. it Is equal to or
bettef" than the fonner Tektronix ex tender cabht.

If you use. cal ibrate IX repair TM-series
modu'es. you need one of thesel

F uMy W8fT1Inteed for quality of materials and
aaftvnans hlp . satisfaction guaranteed.

Linear Re s e a rc h As .ociates , Inc.
5244 Perry C ity Rd .

Trumansburg. NY 14886
V: 607-387-3411
F; 607 -387-7806
_ .IInres .com

MIL-SpecCoax Available (Teflon, PVC IIA)
New Product: Belden 9913F. 9913 with

High Density PEFoam dielectric,
stranded center cond. and Duobond
IIIJacket$0.80/ft or $76.0011 00ft

Also New: 9092. RG8X with Type II Jacket
Intro Price $23.0011 00ft

Call for Specials of the Month
Full Line of Audio Connectors for korn,
Kenwood. andYaesu
8 Pin Mike Female $2.50
8 Pin Mike Male Panel $2.50
13 Pin DIN for Kenwood $2.75
8 Pin DIN for Icom $1.00
8 Pin DIN for Kenwood $1.50

Prices Do Not Include Shipping
O rders 800-783-2666
Info 301-840-5477
FAX 30 1-869-3680

Software

Manufacturer and distributor of
electrical and electronic wire

and cable since 1973.
ITEMS AVAILABLE FRO M OUR STO CK:

H oo k up wi re . Shr ink tubing.
C able t ies. C onnectors.

Wire cut & strip to specs.
If interested, please call

1-800-626-7540
FAX: 714-563-8309
See us on the Internet:

www.anaheimwire.com or
emai l: info @ anaheimw ire.co m

V isalMC/Amex.

ANAHEIM WIRE PRODUCTS

The RF Connection
2 13 N. Frederick Ave.. Ste. I I NV
Gaithersburg, MD USA 20877
http://www.therfc.com/

Complete Selection of MIL-Spec Coax,
RF Connectors and Relays

UG-21BlU N Male for RG-2 13/214 .$5.00
UG-2 1DIU N Malefor RG-213/214 .$3.25
N Connectors for 99 I3/Flexi4XU9096
UG-2 ! B/9913 $6.00 I Pins Only $1.50
UG-21D/9913 ..$4.00 1 Extra Gasket$0.75
Amphenol 83- 1SP- IOSO PL-2S9 $0.90
UG-176/U Reducer RG-59/8X. $0.2S

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

or 5/$ 1.00
Silver Teflon PL-259/Gold Pin.$ 1.00

or 101$9.00

Telephone/Recorders

A-230AU
$10/ea

BROADBAND · 10 MHz · 4.5GHz
HOl fordelecling2.4,1.2, O.9GHldeviees

3DETECTION MODES
UNEAR·Fotlnitialdetection fromadistance
l OG · Topinpoint thederiu
MID · ToSOI1 through~ signal IOUrtn

SILENT VIBRATOR
forcovert delettlonofcovertdevices

ANALOG METER &LEO DISPLAYS
Dislant& nighttime detectionwilt1 analog readings

, UfOOIIIII]]

~
HOUR "BUILT liKE ABArnISHIP"

• Heavy duly rommertiol rercrder­
NOT improvisedIrom consumer models

. 12.14and 16hour modelsalsoavailable
• BUILT·INvoice oelivolion(odd 530)

• Applicalionsinformationinduded
O. . coos OK

• ImenSlons; 11.5 x 7.5 x 2.75 Sorry, no credit cards
Free s h i p p i n g on prepaid orders w ithin the contiguous 48 states

Vi king Systems Int ernational P.O. BOX 766 Brisbane. C..\.9~ 005
Phone: (·H5I-t67-1220 Fax : (-1151-167-1221 'Since 1971-

N u e str o sltlo d e Web ra m blen ti ene una v e rs ion en espana l .

www.maco.com
Ultra Sensitive Audio Amplifier Kit

SWEEP AROOM FROM THE DOOR
ZAP CHECKER MODEL 270
RADIO DIRECTIONFINDINGCOUNTIR·SURVElLU.HCIE INSTRUM ENT

WWW.ZAPCHECKER.COM

Listen to the conversation through walls
or a block away, 9VOCibatlery powered
Oimension:1.25" iL) x 0.4" (VY) x 0.6" (H)

(800)719-9605 sales@matco.com

KINGSLEY HOTSTAMP
fo il machines for impri nti ng leather.

etc .. and electrical wire marking.
Manual or automatic machines

and type available.

Call 760-749 -0239
bjnash@ n2.ne t

SELECTABLE ANTENNA OPTIONS
•SMA COAXIALINPUT •Forhigh~ dk,<:tlon.1antennas

PINPOINT 8UGLOCATION FROM THE OOOR
•2FIXED INTERNAL ANTENNAS · No adjustments nHd<d

Aviation Electronics

Card­
Reader

Misc. Electronics
Wanted

Wanted: Balancing machines &
vibration analyz ing equipment
manufactured by the following:

·Spectral Dynamics · H o fmann
·Bentley Nevada ·Schenck · IRD

Mechanalysis ·Gishott
Contact Mik e Park a t E.T.

Balancing, 12823 Athens Way,
Los Angeles, CA 90 061

310-538-9738
FAX: 3 I0-538-8273

www.matco.com
Miniature CMOS Camera
CML· l 00lCMP· l 0 l
114" CMOS. 380 TVL.
3 LUxlr2.0, 3.6/5.5mm Lens
Size: Lens : 16 X 16 X 27 mm

Pin~: 16 X 16 X 18 mm
BfW: 529/ea Color: $39/ea (wIth Audio )

Ii WI,.. .... CMOS Camera
w at CMI-Q1wt Rat Pinhole

, .:. - I CMI-{)2Wl. Fisheye

j
CMI-{)3Wl. Conical Pinhole

.,... 380 TVL. 1.0 Luxlf1.2.
Range:100M. Mounting

• • :-L ~:c:s:~~:'edS99/.et
(800)719-9605 saleS@matco.com

www.matco.com
Color Mini Pinhole Camera

BX-123LCIPC $69/ea
SONY 113" CCO. (w,th Audio!

380 TVL, 0.1 Luxlf2.0,
3.6 mm Lens
Size: 0.9" X 0.9" X 0.5"

Color Lens/Pinhole Box Camera
BX-200LC/BX-200PC

SONY 113" CCO,
380TVL,
0.5 Luxlf2.0,

51091ea (WIth AUdio) 3.6 mm Lens.
Super Hi-Res Color Lens Box Camera

BX-130LC-HR
SONY 113" CCO,

... 470TVL .
0.4 Luxlf2.0.

51891ea 3.6 mm Lens
(800)719-9605 sales@matco.com

onestarte .net
Unique IOriginal ICustomized ISp.ecial
NeedS Special Projects Devices
Electronics,s~curity, ener.QY,
phones,cars, blomed. EMF, RF,
sound Ii ht mind control im rov...

'NNW.kadtronix.com

76 NOVEMBER 2003



Cable TV J\t\iscdlancotls Electronics For S ale

Design/Engineering S ervices

NOVEMBER 2003

• Converters
• Repeaters
• FiberOptics
• Digital VO
• Multidrop RS232
• Custom Units
•Auto TXEnable

ExtensiveInlerface Product Line
RS232 "ExtensionCords"

Up to 115.2Kbps, 4000 ft. ++
LargeMultidrop Networks.
Isolated Units. SmartUnits

Remote Relay "ExtensionCords"

Computer
Hardware Wanted

Call the RS485 Wizards at
( 5 1 3) 874-479 6

DEC EQUIPMENT
WANTED!!!

Digital Equipment Corp.
and comratibles .
Buy - Sel • Trade

CALL KEYWAYS 937-847·2300
or email buyer@keyways.com

• DLL wit h
examples for custom

appli cations

• Soft ware analyzer
incl uded

• PC isolated from CAN

• 100% bandwidth
at SOOKb
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Robotics

PIC and OOPlc controller
board s, multi-servo

controllers. Chips, kits,
and assembled.

www.oricomtech.com

Discover the Future
Discover Muscle Wires MotorlessMotion

Theyactually shorten in length when poweredand
lift thousandsof limes their own weight!

• Strong • Silent• lowVolroge • 11 sizes •
Project Book&DeluxeKit (#3·16B) just $59.95

Musc/e-WIres.com • Mondo-Ironies, Inc.
Order Toll Free 800·374·4764

ONE PAS, INC.
www.onepasinc.com

$691eo

Audio/Video

NEED TO READ?
Check out the Nuts &Volts
Bookstore on Pages 78-79!

www.maco.com
VGA to VIdeo Converter

ULT·2000

- UaeTVas PC
display

- Capture PC
images on
video tape

VIdeo to VGA Conv.rter
VGA-801

• Convert PCVGA
monitor to a high
resolution CCTV
monrtor

- Works wijh or
without PC

• 24bij . 16.7
million colors.

(800)719.9805 aal.a@matco.com

s s • II

SUb.sc.ribe tOday!
~.l\L.lt.5y'O't.5. G:OI'1

Wlrel. .. Phon. J.cka • ItCt30 • $2'."
Compatible with561< modems.

Add extensions asneeded. WorI<s withPCs.TV
inlernet boxes. internal or external modems.
cordedphones. cordlessphonas. answering

machines. andfaxmachines
Wlr.I••• H.adphon•• • $24."
Wlr.I••• Sp••k.r•• $24.99

V1u1MC/DI,clAmeI
626-617·9501 30 Day Warranty

www.m.rvelectronlcs.com

OVER 4,300 ITEMS IN STOCK
Surplus 8r. Refurbished
Electronic Equipment
Parts 8r. Accessories

Audio , CommuntcaUoM, Computer, Telephone, &
Vtdeo Equtprnent. Repair Parts & Service ManuaJs.

~ SMC ELECTRONICS
F www.smceledronlcs.com

8590 .8600. DPV7. DPBB.
CFT20 14. $15 each.

1-866-601-1238

Raw. no R/M.AII units are power­
up. excellent shape . minimum 10
lot. no descramblers. Converter
parts . accesso ries. data crystals .

call for others not listed.

- CONVERTERS -

" ,'iniiii'l"! ,.... ./.:.,
_/4' 41,:"".

SA 8580 $19ca. . SA 8600$25e ll

Jer.DPV7212$15 "'1. ' Jer.BB7312 $25 ca.
Jer.CFT2014 $25ca. .Jcr.2254 . Pio 6310

ForL~c qt./ntitics. plcds",..Jl{ol" pricing.
\-, 'c J{;,n "t' lJImod:·lS repLlCt.went remotes.

Se Hobla Espaiio'
OLl..FREE1-800-510-1924 TOll.. FREE

I\m:Ultlllmiill!!I'S, 1111:.
Importers & Distributors of the

MULllTECll 4500 & 5000 series
125 ch. new basic converter.

FREE UPS
GROUND SHIPPING

ON AU MODElS
-=-~~~-1

·Industrial Photo Etchin~
·Custom Ornamental Etching
·PCB Manufacture & Design

·QuickTurns

Coastline CircuitsI www.coastlinecircuits.com
Phone 805·570·6324

Fax 805·967·0423
coastllneclrcults@verlzon.net

I
AREYOU PAYING TOO

MUCH FOR PROTOTYPES?

Print & Etch Prototype PC Boord
& Photo Etch Special

I
Do uble or single sided PCB .40 cents

per square inch. Coppe r photo etching
.20 cents per square inch

(Additional fees for photo plot and artwork]



Electronics

The Robot Builder's Bonanza
by Go rdon McComb

A major revisio n of the = === = =
bestselling "bible" of ama­
teur robotics building ­
packed with the latest in
servo motor technology,
microcontro lled ro bots,
remote control, Lego
Mindstorms Kits. and other
commercial kits. $24.95

Today's Technician: Automotive
Electricity & Electronics

by Barry Hollembeak / Jack Erjavec
The best-selling book/shop
manual package in our land­
mark Today's Technician
series , the third edition of
Automotive Electricity and
Electronics continues to
equip its reade rs with the
most in-depth discussion of
basic theory, safety, tools, and major automo­
tive electrical/electronic systems available
anywhere! And. perhaps most importa ntly,
we've added many all-new examples to guide
readers, step-by-step. to complete mastery
of all of the electrical/electronic knowledge
plus hands-on diagnostic and troubleshoot­
ing skills they need to become highly skilled
automotive techn icians. $75.95

NOVEMBER 2003

Encyclopedia of Electronic
Circuits Vol. 7

by Rudy Graf
Designed for quick
reference and on-the-job
use, the Encyclopedia of
Electronic Circuits. Volume 7, ,
puts over 1,000 state-of­
the-art electronic and inte­
grated circuit des igns at
your fingertips .This collec­
tion includes the latest des igns from indus­
try giants such as Advanced Micro Devices,
Moto rola,Teledyne. GE, and others , as we ll
as your favorite publications, including Nuts
& Volts! $19.95

Troubleshooting
Circuit Troubleshooting

Handbook
by John D. Lenk

When it comes to trou­
bleshooting, no other
book even comes close
- hundreds of circuits
are covered in this
exhaustive handbook.
Heavily illustrated with
diagrams and schematics.
it uses an easy-to-follow format to help
readers understand and troubleshoot a
wide range of circuit types, and provides
proven circuit testing techniques for all lev­
els of instrumentation. $39.95

Building Robot Drive Trains
by Denn is Clark / Michael Owings

This essential title is just :RtieoT
what robotics hobbyists F·~~'~'I...~~"'1

need to build an effect ive
drive train using inexpen­
sive, off-the-shelf parts.
Leaving heavy-duty "tech
speak" beh ind. the authors
focus on the actua l con­
cepts and applications nec­
essa ry to build - and
understand - these critica l $24.95
force-conveying systems.

Everything you need to build your
own robot drive train:

*The Basics of Robot Locomotion
* MotorTypes:An Overview
* Using DC Motors
* Using RC Servo Motors
* Using Stepper Motors
* Motor Mounting
* Motor Control
* Electronics Interfacing
*Wheels and Treads
* Locomotion for Multipods
* Glossary of TermsITables, Formulas

CNC Robotics
by Geoff Williams

CNC Robotics gives you II1II.....
step-by-step illustrated
directions for designing.
constructing, and testing
a fully funct ional CNC
robot that saves you 80
percent of the price of
an off-the-shelf bot ­
and that can be cus­
tomized to suit your
purposes exactly, because you designed it.
Written by an accomplished workshop
bot designer/builder. $14.95

JunkBots, Bugbots, and Bots on
Wheels: Building Simple Robots With

BEAM Technology
by David Hrynkiw / Mark Tilden

Ever wonder what to do
with those discarded
items in your junk draw­
er? Now you can use
electronic parts from old
Walkmans , spare remote
controls. even paper clips
to build your very own
autonomous robots and
gizmos. Get step-by-step
instructions from the Junkbot masters for
creating simple and fun self-guiding robots
safely and eas ily using common and not-so­
common ob jects from around the house.
Using BEAM technology, ordinary tools. sal­
vaged electronic bits, and the occasional
dead toy, construct a solar-powered obsta­
cle-avoiding device, a mini-sumo-wrestling
robot, a motorized walking robot bug, and
more. Grab your screwdriver and join the
robot-building revolution! $24.99

_...

Anatomy of a Robot
by Charles Bergren

Discover how robots artic-r--:---.....,,-- ,.....,..,

ulate movements, how they
see and hear, what gives
them the ir power. and. at
times , their gentleness.
Delve into the robot's
"brains," and learn how
experienced robot des ign­
ers use control systems to
make their machines think . Much more
than an enumeration of parts. Anatomy ofa
Robotexposes the life and human creativity
behind today 's robot.Always entertaining,
this exceptional book takes you deep
inside the theory and craft , philosophy. and
science of robotics. $29.95

Robotics
10 Cool LEGO Mindstorms: Dark

Side Robots.Transports. and Creatures
by Kevin Clague / Seren Rolighed /

Miguel Agullo / Hideaki Yabuki
O kay, you bought the
kit for yourself or one
of your kids.You used
the instruct ions in the
box to build a robot
or two. Now what?
You may not be ready
to des ign and build
your own robots , but
you don 't want to
build the same ro bot
over again.This book is the perfect way to
build additional projects from the same kit,
and then improvise and des ign your own .
Ten cool projects - one hou r each ... per­
fect ! $24.95

Applied Robotics II
by Edwin Wise

Instructive illustratio ns,
schematics, part num-
bers, and sources are RPPLIED manes II
also provided , making this
book a "must" for
advanced builders with a
keen interest in moving
from simple reflexes to
autonomous,AI-based
robots. Create larger and '--- ----'
mo re useful mob ile
robots! Ideal for serious hobby ists, Applied
Robotics /I begins by discussing PMDC
motor operation and criteria for selec ting
drive, arm , hand and neck motors
$41.95



$19.9 5
Volume 3

$69.9 5
all 3 volumes

In 1995, Scott Edwards began aut horin g a
column on BASIC Stamp projects in Nuts
& Volts Magazine.The column quick ly
became a favor ite of Nuts & Volts readers
and continues today with Jon W illiams at
the helm . The Nuts & Volts ofBASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 Is new and contains
columns 76-921

If you don't see what you need here,
check out our on-line store at

www.nutsvolts.com for a complete
listing of the titles available.

Home Entertainment

High Voltage
Homemade Lightning: Creative

Experiments in Electricity
by RA Ford

Ente r the wide-open
frontier of high-voltage
electrostatics with this
fascinating , experiment­
filled guide .You'll discover
how to make your own
equ ipment, how electrici­
ty is used in healing, and
the workings of many
experiments in high
potential physics! $24.95

PIC Microcontroller Project Book
by John Iovine

This pro ject-o riented r~-=.--.-------c:~o=o

guide gives you 12 com­
plete projects , including:
using tra nsisto rs to con­
trol DC and AC motors,
DTMF pho ne number log­
ger and distinct ring
detector and router ... _
home automation using X- -==­
10 com municatio ns ... digital oscilloscope ...
simulations of fuzzy logic and neural net­
wo rks ... and many other applications.
$29.95

Programming and Customizing
the OOPic Microcontroller

by Dennis Clark
If you 're a robo tics pro ­
fess ional o r ho bbyist,
here's the one book
you 'll need to keep your
wo rk o n the leading edge ' ,
- Programmingand
Customizing the OOPi,
Microcontroller.This is the
official aapic Handbook,
fully endorsed by Savage Innovations, the
world's only manufactu re r of aaPic
microcontro liers .As the first book of its
kind, this volume is destined to become
t he sta ndard against wh ich all other aapic
books will be judged. $39.95

79

PICmicro MCU C
by Nigel G ardner

This 2nd edi tion book is a
co mplete introductio n to
program ming Microchip
PICmicros in C with the
use of the CCS C compil­
e r. The book overviews
t he ease of using C and
the CCS compiler for
optimizat ion of your pro­
gramming. There are many examples to
get you sta rted on wh ile using the compil­
er. $29.95

Guide to PICMICRO
Microcontrollers

by Carl Bergq uist
Aimed at both students
and seasoned users , this
book will take the reader
throug h t he periphe ral
interface controller (PIC) Build Your Own PC Home
like no othe r text. Entertainment System
Hardw are and softwa re b B ' U d d
ar e also discussed in I~~~~)~"~ y nan n er ahl

.. Learn to use PC DVD
detail.Topics include: physical appear ance , dr ives, DVD recorders,
electrical st ructu re , software requirements, and mass ive hard drives
hardware requirements, prototype layout to create a home enter-
bo ards , simple PIC programmers, PIC ta inment system that's
instruction se t, use of the Microchip tools comparable to what
including MPLABand Technical Library, you 'd enjoy from expen-
software applications , software codes, and sive, individual compo-
8-10 PIC pro jects. $45.95 nents.W ho needs the

movies? Now, you can
achieve stunning audio and top quality
video results through your Pc.This book
shows you how to build you r own home
entertainment center using an ordinary
Pc.Watch and record TV shows and
movies, put you r entire CD collection on
your hard drive, and listen to radio stations
from around the world. $24.99

Programming & Customizing the
HC I I Microcontroller

byTom Fox
App licat ions bazaar
for the 68HC I I
microcontrolle r.
Squeeze eve ry drop of
power out of
Motoro la's wildly pop - 1~'.fImIllIn!:
ular family of 68HC I I
t rue 8-bit single chip
computers! From
basics to complete
application s. $39.95

Programming & Customizing
PICmicro Microcontrollers

2nd Edition
by Myke Predko

This book is a fully
updated and revised
com pen dium of PIC
programming
information.
Comprehensive coverage
of the PICMicro 's
har dware architecture
and software sche mes
co mplement t he host of
expe riments and pro jects making this a
true , "learn as you go" tutorial. $49.95
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Digital Electronics
by Jame s Bigne ll / Robe rt Do novan

This bas ic text for Digital Electronics offers
complete, practic al
coverage of the latest
digital principles, tech­
niques, and hardware.
W ritten in a concise,
easy-to- read style , it
includes everyth ing
from basic digita l co n­
cepts to an int rod uc­
t ion to micro pro ces­
so rs/microcontrollers.
$99.95 for subscribers
$108.95 fo r non -subscribers

M icrocontrollers

Guide to '
Electronic Surveillance Devices
by C arl Be rgq uist

Enjoy th e peace of mind
that co mes from know­
ing how to set up and
maintain an effective
surveillance system!
Perfect for do-it-your­
seife rs, Electronic
Surveil/ance Devices con­
tain s all of the informa-
tion needed to enhance the safety and
security of a home o r office, from safe­
guarding against theft to mon itoring
emp loyee performance and preve nt ing ille­
gal act ivities from occurr ing o n site .
$15.95
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Nanotech Solar Ce lls Inspired by
Photosynthesis

A n STMicroelectronics R&D group in Italy recently
disclosed details of an advanced research program

aimed at leveraging nanotechnology toward the
man ufacture of lower-cost solar cells . In an unexpected
departure, the ST engineers are actually shooting for lower
efficiencies (10 % vs. the current highs of 15-20%) in the
cells, but at dramatically decreased manufacturing costs.
Squa re in their sights is the burning of fossil fuels which
prod uce electricity at 1/1 Oth the cost of current solar cell
tec hnologies.

The ST tea m is following two ap proaches, the most
radical mimics a full organ ic approach, involving a mixture
of elec tron-acceptor and electron-don or materials
(Fullerene a nd org a nic coppe r, respectively.) The

nanostructure of this blend is crucial for cell performance,
as the materials have to be in intimate contact at distances
below 10 nm. This is patterned after the electron collecting
method of alternating single and double bonds in the
chlorophyll molecule of plants. For more information visit
the ST website, www.st .co mjstonlinej

"Anomaly" Exper ienced at
Lockheed Martin

y ou typically don't see 18-foot long satellites in this state
of recline but due to an unfortunate set of

circumstan ces , that's how the NOAA-N Prime satellite
Continued on Page 82

same Day Shipping-Visa, MasterCard, Amex, Diners Club cards welcome
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Continued from Page 80

ended up on Sept. 6, 2003.
Normall y affixed by 24 bo lts on its
base to the white "turn over cart,"
the satellite slipped off and fell three
feet du ring hyd raulic reposition ing
from vertica l to horizontal
alignment. Two days earlier,
technicians working on a different
satellite removed the bolts to use on
the same type of turn over cart, but
without proper documentation.
Unfortunately, the NOAA team then
failed to verify the sa te llite
configuration before rep ositioning ­
thus the mishap.

The satellite is pa rt of the polar­
orbiting environmental satellite
program (POES) which monitors
the Earth's weather and climate. It
was originally scheduled to launch
in 2008 for a four yea r mission.
Sign ificant test and rework will need
to be performed on the $239 million
spacecraft to determine the extent
of damage du e to shock and
vibration. Image courtesy of
www.nasawatch.com

Video Over Digital Ink
(VODIt)

...ag ink display technologies,
I I l ine., of New York, NY has
released a very un ique me thod of
displaying color two dimensional
images. Based on a patented
organic mate ria l, their "digita l ink"
replaces standard billboards and
signs - up to lOx 20 feet in size .
Though req uiring no power to
maintain a static image, the display
is fast enough to support full-motion
video in full color. Through the use
of p roprietary technologies , the

NOVEMBER 2003



News Bytes

manufacturer claims to manipula te
the size and angle of fabricat ed
mo lecules to generate all colo rs of
the visible spectrum, including full
gray scales.

magink is a re flective
technology and is lit like a
convention sign, making it useful
to replace existing installations, as
well as contributing to its thin
profile. The intensity is also good in
sunlight, which cannot be sa id for
LED/LCD displays.

For more info rm atio n visit
www.magink.com

Google™ Does Math,
Too

8
2400 Bayshore Park way

O f course you 're fam iliar with
Google's powerful Internet

search service, but did you know it
will also work you r math
homework? Well, a t least up
through the 12th grade. Just type
an expression into the search te rm
box an d you'll receive an answer.
The clever people at Google have
a lso extended the te rms past
numbers and traditional
mathematical symbols to metric
and English un its of measure. For
example, "seconds in a fortn ight "
and "decimeters in an AU" are
pe rfectly valid queries. The re is
even more if you visit
www.googl e.com/hel p/ calculat
or.html

Give yourself and your
favorite gearhead

brain food this
holiday season.

Check out the special
NVgift subscription

offer on Page 35!
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Just For Starters by M(]rk B(]lch

Basics For Beginners

Introduction to Synchronous Logic Design

Figure 1: Digital Clock Signal

Finite trans ition time of

'00'(",....a_1 ---,\
oPho", 1,Phase

There are several common feature enhancements to
the basic flop including clock-enable, set , and clear inputs
and a complementary output. Clock enable is used as a

NOVEMBER 2003

• • •

Flop Features

D Flip-FlOps
There are several types of flip-f lops, but the most com­

mon type in use today is the D fli p-f lop. Other types of flip­
flops incl ude RS and JK, but th is discuss ion is restricted to
D flip-flops because of their standardized usage. A D flip­
flop is often called a flop for short and this terminology is
used throughout th is arti cle. A basic rising-edge triggered
flop has two inputs, and one output as shown in Figure 2a.
By convention, the input to a flop is labeled D, the output
is labeled Q , and the clock is represented graphically by a
triangle.

When the clock trans itions from 0 to 1, the state at the
D input is propagated to the Q output and stored until the
next rising edge . State-full log ic is often described through

the use of a timing dia­
gram - a drawing of
logic state versus time.
Figure 2b shows a
basic flop timing dia­
gram where the clock's
rising edge triggers a
change in the flop's
state. Prior to the rising
edge , the flop has its
initial sta te - Qo and
an arb it rary 0 or 1

input is applied as Do. The rising edge loads Do into the
flop, which is reflected at the output. Once triggered, the
flop's input can cha nge without affecting the output until
the next rising edge . Th erefore, the input is labeled as
"don't care ," or "xxx" following the clock's rising edge.

Rising-edge flops are the nor m , although some flops
are falling-edge triggered. A falling-edge tr iggered flop is
indicated by placing an inversion bubble at the clock input
as done in Figure 3. Operation is th e same with the excep­
tion that the polarity of the clock is inverted. The remain­
der of this discussion assumes rising-edge triggered flops,
unless explicitly state d otherw ise.

This mate ria l originally published in A Comp rehensive
Guide to Digital Elect ronics and Comp uter System
A rch itec ture, © 2003 by The McGraw-Hili Companies.
Reproduced with permission.

Time

Figure 2: Rising-Edge Triggered Flop

n Clock I
0 lnitial Value =Do X xxx

Q In~ial Value =0 0 X New Value =Do

(a) (b)

Period.. ~

Logic 1

/ \oPhase 1 Phase

Logic 0

Putti ng smarts into hardware requires an understand­
ing of synchronous logic design concepts in addit ion
to the basics of Boolean functions (AND, OR, etc. ).

Boolean equations provide the means to transform a set of
in puts into determ inist ic results. However, these equations
have no ability to store the results of previous calculations
upon which new calculations can be made. Digital systems
operate by ma intaining state to advance through sequen­
t ial steps in an algorithm. State is the system's ability to
keep a record of it s prog ress in a particular sequence of
operations. A system's state can be as simple as a count­
er or an accumulated sum.

State-full logic elements called flip-flops are able to
indefinitely hold a specific state - 0 or 1 - until a new state

is explicitly loaded into them. Flip-flops load a new state
when tri ggered by the transiti on of an input clock. A clock
is a repetitive binary signal with a defined period that is
composed of 0 and 1 phases as shown in Figure 1. In add i­
ti on to a defined period, a clock also has a certa in duty
cycle - the rat io of the duration of its 0 and 1 phases to the
overall period.

An ideal clock has a 50/50 duty-cycle, indicating that
it s period is div ided evenly between the two states. Clocks
regul ate the ope ration of a dig ita l system by allowing time
for new resul ts to be calculated by log ic gates , and then
capturing th e results in flip-flops .

I -~~+----
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triggering qualifier each time a rising clock edg e is detect­
ed . The D input is on ly loaded if clock enable is set to its
active state. Inputs in general are defined by device man u­
facturers to be either active-low or active -high. An active-low
signal is effect ive when set to 0 and an active-high signal is
effective when set to 1. Signals are assumed to be active­
high unless otherwise indicated. Active-low inputs are com­
monly indicated by the same inversion bubbl e used to indi­
cate a falling-edge clock. When a sign al is driven to its active
state, it is said to be asserted. A signal is de-asserted when
driven to its inactive state.

Set and clear inputs explicitly force a flop to a 1 or 0
state, respectively. Such inputs are often used to initialize a
digital system to a known state when it is first turned on .
Otherwise , the flop powers-up in a random state , which can
ca use prob lems for certain logic . Se t and clear inputs can
be either sy nchronous or asynchronous . Syn chron ous
inputs take effect only on the rising clock edge, while asyn­
chronous inputs take effect immediately upo n being assert­
ed . A complementary output is simply an inverted copy of
the main output.

A truth table for a flop enhanced with the features just
discussed is shown in Table 1. The truth table assumes a syn­
chronous, active-high clock enable (EN) and synchronous ,
ac tive-low set and clear inputs. The rising edge of the clock
is indicated by the i symbol. When the clock is at either stat­
ic value , the outputs of the flop remain in the ir existing states.
When the clock rises, the D, EN, CLR, SET and inputs are
sampled and acted on accordingly. As a general rule, con­
flicting information such as asserting CLR and SET at the
same time should be avoided bec ause unknown results may
arise. The exact behavior, in this case, depend s on the spe­
cific flop implementation and may vary by manufacturer.

Ripple Counters
A basic application of flops is a binary ripple counter.

n Clock \

0 Initial Value = DoX xxx

Q Initial Value = o, X NewValue= Do

(a) (b)

Figure 3: Falling-Edge Triggered Flop

Clock D EN
CL R SET Q Q

0 x x x X
Qstatic Q stati c

t 0 0
Qstatic Q static

t 0 I I I 0 I

r I I I I I 0

t x x 0 I 0 I

t x X I 0 I 0

r x x 0 0 ? ?
I X X X X

Qstati c Qstatic

Table 1: Enhanced Flop Truth Table

Multiple flops can be cascaded as shown in Figure 4 such
that each com plementary output is fed back to that flop 's
input and also used to clock the next flop.

The current count value is repr esent ed by the non­
inverted flop outputs with the first flop representing the
least-significant bit. A three-bit co unter is sh own with an
ac tive-low reset inpu t so that the counter can be clea red to
begin at zero.

The counter circui t diag ram uses the standard conven­
tion of sh owing electrical con nec tivity between intersecting
wires by means of a junction dot. Wires that cross without a
dot at their intersection are not electrically connected.

The ripple counter's operat ion is illustrated in Figure 5.
Each bit starts out at zero if RESET is as serted. Cou nting

Stepper Motor Book PIC® Microcontroller Books

http: /" /"'VV'VV'VV.sq-l .cOrT1
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synchronous logic is easier circu it analysis
because all flops change at the same time.

Synchronous Counters

2]

Designing a synchronous counter
requires the addition of logic to calculate the
next count value based on the current count
value. Figure 6 shows a high-level block dia­
gram of a synchronous counter, and is also
representative of synchronous logic in gener­
al. Synchronous circuits consist of state-full
elements (flops), with combinatorial logic

providing feedback to generate the next state based on the
current state.

Combinatorial logic is the term used to describe logic
gates that have no state on their own. Inputs flow directly
through combinatorial logic to outputs, and must be cap­
tured by flops to preserve their state. An example of syn­
chronous logic design can be made of converting the
three-bit ripple counter into a synchronous equivalent.
Counters are a common logic structure and they can be
designed in a variety of ways.

a D] 0 1] a

ClK a a a I---- I---

r-- D a-- r-- D a-t-- r-- D a-t--
ClR ClR ClR

Y I y
RESET I I I

Figure 4: Three-Bit Ripple Counter

begins on the first rising edge of ClK following the
de-assertion of RESET. The least-significant bit, Q[O),
increments from 0 to 1 because its D input is driven by the
complementary output, which is 1.

The complementary output transitions to 0, which
does not trigger the Q[ 1J rising-edge flop , but does set up
the conditions for a trigger after the next ClK rising edge.
When ClK rises again, Q[O] transitions back to 0 and Q[O)
transitions to 1, forming a rising edge to trigger Q[ 1),
which loads a 1. This sequence continues until the count
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Figure 6:
Synchronous

Counter Block
Diagram

Count Value

7

Next State
logic

5

Clock

Reset

The Boolean
equations for small
counters may be
directly solved using
a truth table. larger
counters may be
assembled in regular
structures using bina­
ry adders that gener-
ate the next count
value by adding 1 to
the cu rrent value. A
three-bit counter is
easil y handled with a

truth table methodology. The basic task is to create a truth
table relating each possible current state to a next state as
shown in Table 2.

Three Boolean equations are necessary - one for
each bit that feeds back to the count state flops . If the flop
inputs are labeled D[2:0), the outputs are labeled Q[2:0),
and an active-high synchronous reset is defined, the follow­
ing equations can be developed:

D[O] = Q[O] & RESET

D[l] = ((Q[O] & Q[I ]) + (Q[O] & Q[I]))& RESET = (Q[O] Ee Q[I])& RESET
- - - - -

D[2] = ((Q[2]& Q[ I] & Q[OJ)+ (Q[2]& Q[I]) + (Q[2]& Q[OJ)) & RESET

I I

I I i I
~

I I
V~ V r

I
i i I
!/ 1\ !

I

II /
i I I I
X ked 3 X«::::D
I i j I

Figure 5: Ripple Counter Timing Diagram

I 0

0[1]

0[0]

0[2]

ClK

RESET --l,-- - ;...-- -+- - -+-- - -+----i-----+---+------

I

Count: 0[2:0]

value reaches seven, at which point the counter rolls over
to zero and the sequence begins again. An undesirable
characteristic of the ripple counter is that it takes longer for
a new count value to stabilize as the number of bits in the
counter increases. Because each flop's output clocks the
next flop in the sequence, it can take some time for all
flops to be updated following the ClK rising edge. Slow
systems may not find this burdensome, but the added rip­
ple delay is unacceptable in most high-speed applications.

Synchronous Logic

86

It has been shown that clock signals regulate the oper­
ation of a state-full digital system by causing new values to
be loaded into flops on each active clock edge.
Synchronous logic is the general term for a collection of
logic gates and flops that are controlled by a common
clock. The ripple counter is not synchronous, even though
it's controlled by a clock, because each flop has its own
clock, which leads to the undesirable ripple output charac­
teristic previously mentioned.

A synchronous circuit has all of its flops transition at
the same time so that they settle at the same time with a
resultant improvement in performance. Another benefit of

1-- -1-- -
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I XXX 000
0 000 001
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0 101 110
0 110 I I I
0 I II 000

Mark holds a bachelor's degree in electrical engineering

from The Cooper Union in New York City. He can be

reached via email at m a rk_ba lch@hot m a il. co m

More than Counters

Table 2: Three-Bit Counter Truth Table

Each equation's output is forced to 0 when RESET is
asserted. Otherwise, the counter increments on each rising
clock edge. Synchronous logic design allows any function
to be implemented by changing the feedback logic. It would
not be difficult to change the co unter logic to count only
odd or even numbers, or to count only as high as five before
rolling over to zero. Unlike the ripple counter whose stru c­
ture supports a fixed counting sequence, next-state logic
can be defined arbitra rily according to an application's
needs.

Once the basic scheme of desi gning next-state logic is
understood , arbitrary logical sequences may be designed in
hardware to form structures called finite state machines.
While beyond the scope of this article, state machines are
analogous to software programs and can be used to step
through microprocessor bus transfers, communications
protocols, or any ha rdware proces sing task.

Unlike simpl e counters , state machin es incorp orate
external inputs into their next-st ate logic so that decisions
can be made on which state should be selected . Branching
and input/output decisions based on external signals allow
the implementation of arbitrary algorithms an d it is through
such basic concepts that complex digital processing
circuits may be designed . V
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Exploring and Experimenting With Losers and Their Properties

Laser Insight
Construction of the Cr:Ruby Laser Continues

The past few columns have been devoted to the build­
ing of a Cr:Ruby laser. Last month, we looked at the
control and high voltage monitoring circu it and how

it controls the supply under various op erating system con­
ditions. This month , we'll be looking at the high voltage
stuff and lamp firing methods.

However, because this is a serious laser, I must be sure
that I cover things thoroughly, and in tune with this , I must
repeat the warnin g I gave earlier ab out it, and its safe use.

This article is the last part for this project , an d is the
final link before actually firing the laser. The schematic for
the high voltage section of this laser is shown in Figure 30­
1. This circuit is, again , quite straightforward and should
not present any problems either in construction or in oper­
ation . There are really two parts to this schematic: the first
part deals with the high voltage ca pacitor charging , and
the second with the lamp trigger.

transformer I used has four independent sets of 110 VAC
windings on it, so [ series connected two of the windings to
act as the output, and paralleled the other two for the input.
Two se ries windings give about 240 VAC when used like
this, and the output is rectified to boost up the DC voltage
to 300 VDC, which is adequate for the trigger circuit.

The trigger transformer is quite easy, though [ used an
ignition coil from an old Ford pick-up truck, so if you have
an old coil, give it a try. Otherwise, you can pick one up at
a jun kyard for a couple of dollars . Again, the dut y cycle is
so low on this laser that the momentary application of 300
VDCto the primary of this transformer will not do any dam­
age. The pulse lasts for only about 2-3 microseconds.

The resistor (R1) in series with the diode bridge limits
the inrush current to the capacitors, and protects the

diodes and transformer from drawing too much current.
When the capacitors are completely discharged, they

look like a short circuit to a changing voltage (which
happens when you press the CHARGE button).

The diodes would see a large forward current if
R1 was not there , leading to early failure.

This resistor sees 2,000 volts (or more)
when the system is operating, so here

again, I suggest using a string of
res istors to ma ke R1. I used a

series string of ten 4.7 K at 2
W resistors to make this

unit , laying them out in a
zigzag pattern on a

piece of perfboard,
and mounted this
board to a plastic

panel to give ade­
quate isolation.

R4 is the DUMP
resistor, and is wired in

ser ies with the contacts of the
DUMP solenoid, as described in

last month's column. One end of
this resistor is soldered to the high

voltage side of the capacitor bank as
shown, and the other end connected to the

stud on the dump solenoid.
When the dump solenoid is de-energized, the

contacts close, discharging the ma in capacitors
through R4. The resistor should be rated at about 50 W

minimum, and must be mounted carefully to avoid arc
NOVEMBER 2003

Neither the author nor this magazine

can be held responsible for your

actions, so please be

careful and act

The

laser to be

described is dan­

gerous. The power supply

is capable of producing lethal

voltages, and at very high pulsed-current

capacity. This is a serious laser, and should only

be undertaken by those persons who will take it seri­

ously. The capacitors used in the supply will retain a high volt­

age charge for a long time, and must be completelydischarged before

any work is done inside the unit If a short circuit occurs duringthe charge or

discharge of the highvoltage capacitors, then serious damage to the supply will result,

as well as anything elsethat may be attached to the supply. It is a very powerful sup­

ply, and should be built carefully, with regard for safety beingthe top priority.

There will be a number of safety interlocks built into the power sup-

ply and laser rail, andthesedevices must be incorporated to

ensure safe operation of the laser. DO NOT OMIT

OR BYPASS ANY OF THESE INTERLOCKS!!

Some Notes on the
Components
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The transformer used to charge the
main capacitor bank is a 1,500 VAC
device used for small neon signs. I
found mine at a surplus store
here in Orlando, FL, but I have
seen similar devices sold by
many of the advertisers
in this magazine, so
look around. Since
the duty cycle is
low, the charge
requirements are
quite modest, an d
even a small trans­
former will work. My unit
was rated at 30 mA maxi-
mum load, but anything from 15
mA and up would be okay. If the
capacitor takes too long to charge ,
the dump solenoid may activate before
the charge voltage reaches its se t point. If
this happens, you may need to adjust the tim­
ing resistor and/or capacitor in the 555 timer cir-
cu it.

The transformer for the trigger circuit is a sm all
mains isolation transformer, with dual windings. The
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over. This circuit has about a 0.75 sec­
ond time constant (CR), and the
capacitors should be almost complete­
ly drained after five CR periods (as a
rule of thumb), so you should be safe
in working on the system after about
four seconds (unless the resistor goes
open circuit!!!) . But before working on
the high voltage circuit , you are well
advised to make sure the capacitors
are fully discharged. Don't take any
chances - this supply can kill!!

It may seem redundant to keep
talking about safety issues, but it is
absolutely essential to be sure of what
you are doing , especially if you are
working alone, or with a young audi­
ence.

K1 is a 110 VAC operated relay
used to supply power to the high volt­
age circuit. It is energized when relay
K2 (on the power distr ibution and inter­
lock board) is energized. The reason I
am using two relays here is that the
small relays used on the interlock
board do not have sufficient handling
capabilities for the inductive loading of
the transformers. The water pump is
small, and has a much lower power
requirement, so a small relay is okay
there. These relay contacts should be
rated for 10 A at 240 VAC.

Finally, R2 and R3 are permanent­
ly wired across the main capacitor
bank to bleed off any residual charge
from the capacitors. These are rated at
1 W, but I used two 2 W resistors in
series for each component, not so
much to lower the power dissipation,
but to reduce the voltage stresses.

Construction Notes
Again, I leave the construction

method up to you , using whatever you
feel comfortable with. Bear in mind ,
though, the voltage levels being dealt
with here . You could see 2,000 volts or
more across the capacitor bank when
fully charged; 2,000 volts across 150
/.IF equals 300 Joules. That much
energy can cause a lot of damage if a
short occurs, or if an arc jumps too
short a gap between components.

Give yourself plenty of space
between the high voltage components,
and especially between the high volt­
age and low voltage parts. Use plastic
insulation between the capacitors, so
that the metal cans do not touch each
other. Make sure your connections are
both crimped and soldered.

In my experience, a crimped joint
will erode after a few hundred high-cur-

rent pulses. A properly soldered joint is
much better, but still degrades after
several hundred more shots. My prac­
tice, for the last 20 years, has been to
both crimp and then solder any high
voltage/high current connection ,
where practical.

Theory of Operation
Let's assume the start-up

sequence proceeds normally up to the
time to charge the capacitors. When
the high voltage is turned on, power is
supplied to the trigger transformer cir­
cuit, and the high voltage capacitor cir­
cuit via K1. The trigger circuit provides
the high voltage pulse necessary to
breakdown the gas in the flash lamp,
so that the charge in the main capaci­
tor bank can produce the optical ener­
gy needed to pump the laser rod. The
trigger circuit begins to charge C8
when turned on , and remains on as
long as the high voltage relay K1 is
energized.

When capacitor C8 is fully
charged, it reaches a maximum of
about 320 VDC. Pressing the FIRE but­
ton delivers a 12 V pulse into the gate
of Q 1, triggering the SCR into conduc­
tion. Thus triggered, the charge on C8

Figure 30-1.
Capacitor charging
and trigger circuit.

To R 17 (see text)

Dump soleno id
(see text)

".. r1Output to lamp

j

Trigger pulse to
laser cavity
(see text)
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Fo r initial testing, use a low value capacitor
(1-2mF I,OOOV) for C I-C6 (see main article
text).

C I-C6 are high discharge current capacitors
specifically designed for this application. Do
not try to use other types.

Initial Testing and Calibration
For the initial tests, do not use the 100 /.IF capacitors in

the main bank. Instead, get a couple of 1-2 /.IF caps of ade­
quate voltage rating . If there is a potential problem with the
charging or discharging, the available energy for damage
will be much less. Connect everything to the laser head,
observing the lamp polarity.

If the control and high voltage monitoring board you
made last month works properly, you can hook it up to this
circuit using the small caps as described above. With small
caps in place, the charge time is going to be very short, so
be prepared!

For the initial tests, disconnect the 110 VAC wires from
the solid state relay. This way, you can check the operation
of the trigger circuit without having to worry about the high
voltage caps just yet. If you have an oscilloscope, connect
the leads across the SCR, and set the amplitude to about 10
Vj div. Set the timebase to trigger on a negative slope, and
put the trace on a convenient level. Get a DC power supply
that delivers s about 20-30 volts or so , and connect the sup­
ply lines to across the diode bridge - negative to negative,
positive to positive. The low voltage will charge capacitor C8
via R5 and T3 primary. Take a jumper wire and momentari­
ly connect C7 (pushbutton side) to +12 VDC. This should
trigger the SCR into conduction, shorting the top of T3
(effectively) to the bottom side of C8.

You should see the oscilloscope trigger when the SCR
conducts. This puts a high current pulse through the trans­
former, resulting in a high voltage pulse from the secondary
winding. This high voltage pulse is used to initiate the dis­
charge through the lamp. If this test works okay, then you
should now repeat it using the high voltage. When you turn
the system on, if everything is working correctly, pressing
the HV ON button will apply 120 VAC to the primary of T2
on this chassis. This means there will be about 300 VDC
across C8, so please be careful. Adjust the oscilloscope as
needed, and watch out for the high voltage pulse from the
secondary of the trigger transformer.

The trigger voltage must be applied to one of the reflec­
tor halves in the laser head. This is best done by drilling a
small hole in one corner of a reflector and threading a thin
stainless steel wire through, twisting it around to make a firm
connection. Bring the wire through the head block by pass­
ing it under the "0" ring. A better way to do this is to drill a
small hole through the side of the head block , and put a

NOVEMBER 2003

rule of thumb, you get a maximum charge time of about 35
seconds for a full charge. Again , if this time is too slow, the
DUMP solenoid will terminate the charge before reaching the
set voltage, and you 'll have to adjust the 555 timer to allow
full charge to be reached, plus a few seconds to allow you to
fire the laser.

Please be very careful when adjusting anything in the
power supply. It is very dangerous and all safety precautions
should be observed. Always short out the main capacitor
bank before touching anything in the high voltage chassis,
and don't forget the small capacitors either. C8 can pack a
pretty powerful wallop!

. HV Cap
Selection

Unsuitable capacitors will not be able to
withstand repeated high current discharges,
and may fail catastrophically. Suitable capaci­
tors are available from Maxwell Labs (CA) ,
Aerovox (MA), Condenser Products (FL),
Plastic Capacitors (IL), and a few other com­
panies . Type in "laser capacitors" in your
favor ite sea rch engine for current URLs.

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

Selectour MiniBoardserviceand get threetop quality
2.5" x 3.8" PCBs for $62 - shippingincluded!= expresspcb.com •

pulses the pri­
mary of T3,
which then puts
out a very high
voltage pulse to
trigger the lamp.
Because of the
low pressure
nature of the
lamp, it is only
necessary to
introduce a high
voltage field in
the vicinity of the
lamp to initiate
the plasma
stream. The main
discharge capaci­

tors are connected across the lamp, and once the stream is
started, the main discharge can proceed. This all happens in
a few tens of microseconds. However, the high voltage
capacitors are not charged at this point, so read further.

The power for the capacitor charging circuit is further
controlled by the solid state relay Q2 . When the CHARGE
button is pressed, this relay is turned on, and the capacitors
begin to charge via the diode bridge and R1. The time con­
stant here is about seven seconds, and using the "times five"
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the next issue. We'll also be looking at
ways we can quantify the output of this
laser in terms of energy an d beam
quality.

If you have questions about this
column, or ideas for future columns,
you may contact me as always
at: stanley-york@peoplepc.com or
throug h this magazine. NV
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120/240 VAC lOA mains contactor - Digi-Key
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BR2
Q I
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DI filter as described in a
previous article , then sim-
ply leave the water running
without the HVon for about TI
an hour or so to clean it up. T2
The n try again. Continue
runn ing the system at high- T3
er PFN voltage levels, mon- K I
itoring the voltage rea ding
on the panel meter.

If ever ything appears
to be working properly, turn
the system off, and inst all
the main capacitor bank.
Until you get a better feel
for what the laser can do, I
suggest installing the
capacitors two at a time
(seri es connected of
course). This allows you to
gradually build up the
stored energy of the system
while minimizing the possi ­
bility of damage.

Whew, this has been a
long project! I hope you
have as much success in building your
laser as I have . You can now go ahead
and start to experiment, drilling holes
or welding thin metals. With some
additional com ponents, you can also
use this laser for holography, as I men­
tioned previously, and we'll take a look
at some of the other stuff you'll need
to make double pu lsed holograms in

stainless steel screw through, connect­
ing the wire on the inside. Then the
high voltage connection can be made
on the outside of the block , to the
other end of the screw.

Shut the system down an d recon­
nect the 110 AC voltage to the solid
state relay. Make sure the PFN voltage
control is turned down to minimum
and restart the system. Monitor the
high voltage caps using a high voltage
probe on a multimeter or an oscillo­
scope.

When the high voltage is first
turned on, there may be some gradual
creep in the DC voltage on the capaci­
tors . Slowly turn up the PFN voltage
control, and you should hear occasion­
al 'thum ps ' from Tl , indicating that
cha rge is being applied to the caps,
but because of their small size (you did
put the small caps in, right? ), the solid
state relay shuts off almost immediate­
ly (see, I told you it would be fast
ch arging).

Continue turning up the PFN volt­
age to abo ut 200 volts . Compare the
reading on the multimeter or oscillo­
scope with the reading on the PFN
voltmeter on the front panel. Trim VR3
on the control boa rd so that the read­
ings match. You may need to check
this again at a higher level, but for now,
we'll leave it where it is. At 200 volts on
the ma in caps, there will be no laser
action, but the lam p may flash . Place a
piece of white card close to the end of
the laser head, and look for a brief
flash when you press the FIRE button.

Resist the temptation to look down
the rod , even if you leave out the mir­
rors. The light from the lamp is very
bright, and you will see it on the card.
If it flashes , then all is well. Ifit does not
flash, try incre asing the PFN voltage
more, but don't go over 500 volts at
this time . Ifyou don't see a flash , there
may be a wiring error or perhaps
something is sh orting the high voltage
pulse to ground.

One thing you must be aware of is
the water circulating around the head.
If the water is not distilled or de-ion­
ized, then the conductivity may be
enough to swamp out the HV pulse
from the trigger transformer, in which
case you will not get the initializing
pulse down the lamp, but rather,
through the wate r. If you installed the
NOVEMBER 2003
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Stamp by Jon Williams

Putting the Spot light on BASIC Stamp Projects, Hints, and Tips

Stamp Applications
Stamping on Down the Road

Summertime is vacation time, and I -

like so many others around th e world - hit

th e road for a few days out of th e office for

some fun and relaxation. The thin g is, my

job isn't usually very stressful (sometimes

magazine deadlines can be tough ...) so I

rarely feel like I need a vacation. That said,

it's still nice to take a vacation every once

in a while, especially when I can see friends

and family that don't live near me here in

Dallas, TX.

T his year, I decided to pack up the SUV and drive to
my brother's house in Columbus, OH. And, as I
often do, I made it a work ing vacation by taking a

bunch of Stamp goodies to work with while I was away
from my office . One of my projects actually helped me
drive door-to-door to my brother's house without hiccups.
Ifyou're guessing we're going to work with GPS again , you
guessed correctly.

The reason for my renewed interest in GPS has more
to do with my boss than me. You see, my boss, Ken, is the
commander of the Parallax model air force . If you ever
visit our facility in California , you'll find several gas-pow­
ered model airplanes in our warehouse. When the weath­
er is good (a frequent occurrence in northern California) ,
a small group of Parallax flyers will head to the local
model airport and fly planes.

Of course, many of the Parallax planes are equipped
with BASIC Sta mp projects. Ken created a little flight
recovery system using the Stamp and an accelerometer.
One of our senior engineers, John, created a dual-engine
synchronizer for one of his big airplanes. So where do I fit
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in? Well, Ken wanted to track his plane's flight path and
speed, and asked me to come up with a method of doing
it. The solution was to strap a small GPS receiver (Garmin
eTrex ) onto the plane with a BS2p acting as a data logger.
I wrote about the methods used in our airplane data log­
ger back in March of 2002.

The program has served us well, but Ken has been
asking for better resolution in the data. You see, the old
program uses standard NMEA 0183 strings from the GPS
receiver that are spit out at 4,800 baud. With the bulk of
information dumped by the receiver at this baud rate, we
only get updates every two seconds. For a model airplane
traveling around 80 MPH, this isn't great. What to do?

While reviewing the eTrex manual, I found that it has
a simple text output method that can be set to 9,600
baud. This is a good start as it doubles the communica­
tion speed. The other nice thing about this method is that
it uses fixed-position fields .

This will help make parsing data easier as we know
exactly where everything is within the string. When using
the $GPMRC string, some fields are variable-width which
complicates the location of data .

Building a Digital Dash

Before tackling Ken's a irplane code, I decided to
experiment with the Garmin text output by creating a sup­
plementary digital dash for my SUV. This would give me
the opportunity to work with the text output in a useful
manner - and help me get to my brother's house without
having to call for directions.

The specs, then, for my digital dash are to display
speed (in MPH), current time, direction of travel (in
degrees), direction as a compass point (i.e., NW), and
current segment distance (a secondary trip odometer) .
This all sounds very simple - until you look at the output
from the Garmin GPS receiver when set to simple text out­
put.

Simple Text - Not So Simple

For the benefits of speed when using the simple text
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output, we're strapped with a couple of tricky conversions
to display the data as required for my digital dash project.
The simple text output looks like this:

@020202183 142N3251129VV0970 1159G008+00 165EOOO
ONOOOODOOOI

For details on all the field positions, please have a look
at this URL:

www.garmin.com/5upport/text_out.html

Let me show you a real example. After thinking about
my digital dash program, I wrote this chuck of code and it
stuck:

Main :
IX)

SERIN GPS,N9600 , 3750 ,No_GPS, [WAIT ( "@" ) , SPSTR 50]
GOSUB Pa rse_GPS
GOSUB Calc_Speed
GOSUB ShOW_Speed
GOSUB ShOW_Time
GOSUB Sho'.'LVector
GOSUB Show_COmpas s
GOSUB Show_Miles_Acc

LCOP

There's only one "real" line of code (SERIN) , and that
wasn't a problem since I lifted it from a previous GPS pro­
gram. The rest are calls to subroutines.

The next step, of course, is to create empty subrou­
tines Oust a label and RETURN) so that the program will
compile without problems. Nothing will happen, except
that we'll know we have a structure that works. After that,
we flesh out each subroutine - testing as we go - until the
program is complete.

Let's have a look at the SERIN line, since it does quite
a bit of work. The first thing to note is that it will timeout if
no data is received within 1.5 seconds (the 3,750 parame­
ter corresponds to the timeout units on the BS2p, which
are 400 microseconds). Assuming a signal does 'show up ,
the function will wait for the "@" character which is the
string header.

Once it arrives, the next 50 characters will be buffered
into the BS2p's scratchpad RAM so we can deal with them
later.

The next step is to pull the extract we're interested in.
This is done with the Parse_GPS subroutine. Here 's a sec­
tion of that code:

Here 's the tricky bit: speed and direction - both very
important to my project - are not directly available. This
information is actually derived from two component vec­
tors . The first vector represents North /South speed in
meters-per-second; the second represents East/West
speed in meters-per-second.

If it sounds like a bit of trigonometry is going to be
required ... you got it.

Hey, Look What I Foundl

An interesting th ing happened when our compiler
engineer, Jeff, ported the BASIC Stamp tokenizer from
assembly language (not written by him ) to C so that it
could be compiled for other operating systems ... he found
two previously-undocumented functions : ATN and HYP.

The first function, ATN (a rctangent), returns the angle,
in brads, to the vector represented by X and Y. VVow, that
was a mouthful , so let's go through it. Take a look at Figure
1 - a PBASIC unit circle. The difference between a PBASIC
unit circle and what we'd use in our trig class is that it is
divided into 256 units instead of the 360 un its we're accus­
tomed to. These units are called binary radians, or brads.
Each brad is about 1.4 degrees . When expressing the vec­
tor, X and Yare limited to values between -127 and 127
(signed bytes).

The other newly-found function is HYP. As you'd
expect, this function returns the hypotenuse of a right-tri­
angle with the sides represented by X and Y. And , like
ATN, the X and Y values for HYP must be limited to -127
to 127 .

Oka y, then, let's get to it.

Code for the Road

Something that new programmers frequently run up
against is the frighten ing feeling that their goals are greater
than thei r programming sk ills. VVe've all been there - don't
sweat it if you' re in that state now. An easy way to over­
come this fear is to write an outline program, then flesh it
out as you go. The reason for this is that it gets you going ,
and frees you from the details that you will ultimately work
out later.
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Par se_GPS :
idx = 6 : f ldWidth = 2
GOSUB Parse_Fi e l d
hr = workval + UtcAdj II 24

You'll see when you download the full listing that
Parse_GPS routine is filled with calls like this . The purpose
is to send the proper control values to Parse_Field and
then store what gets returned in workVal in the target
variable.

The variable idx is used to point to the start of a field,
and f/dWidth defines how wide that field is. After return­
ing from Parse_Field, workVal holds the field value.

The hours field in the GPS string starts at position six
and is two characters wide. The value returned will actual­
ly be UTC time (AKA Greenwich Mean Time) - not
Central Daylight Time as I needed. The constant UtcAdj
allows us to adjust for the difference between our local
position and GMT. The real work, of course, takes place in
the Parse_Field subroutine. Let's have a look:

Parse_Fi eld :
workVal = 0
I F (fldWidth < 6) THEN

DO WHILE (f l dWidt h > 0)
workVal = workVal * 10
GET idx , char
workVal = workVal + (char - "0" )
fldWidth = fldWidth - 1
idx = idx + 1

LOOP
ENDIF
REI'URN

On entering Parse_Field, the variable workVal gets
cleared. The reason for this is that zero will be returned if
a bad field width is passed to it. This seems like a better
choice than returning the value from the last legal field
access.

Assuming the field width is between one and five, it
grabs a character from the string, converts it from ASCII to
decimal, then shifts it left (remember, we're dealing with dec­
imal numbers so a left-shift is a multiply by 10) if there are
more digits in the string. Each pass through the loop decre­
ments the width value and updates the character pointer.

Okay, I know what you 're thinking: "Why did you shift
first?" The reason is that it simplifies the code. On the first
pass, no harm is done because workVal is zero.

If we waited, we'd have to insert a line of code that
tests f/dWidth for zero before shifting. I know this seems
a bit odd, but once you run it through your head a couple
times it will make sense.

To help out, let's look at a three character field that
holds "123 " and run through the value of workVal:

o - entry
1 - first pass ; fldWidth = 2

12 - second pass ; fldWidth = 1
123 - thi rd pass ; fldWidth = 0 (loop terminates)
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Now that we have our numbers, it's time to crunch
them and put them onto an LCD. The first calculated
value is the trickiest: speed in miles per hour.

As I told you earlier, speed is derived from two vec­
tors: North/South speed in meters-per-second, and
East/West speed in meters-per-second. The HYP function
is perfect for this - with one caveat. Since the limit for
HYP is 127, we may have to scale the vectors before using
the function. The reason for scaling is that 12.7 meters
per second is about 28 miles per hour - and I was certain­
ly planning to drive faster than that on my way to Ohio
(otherwise it would have been a very long trip ...).

Calc_Speed:
IF (velEW > velNS) THEN

workVal = ve lEW
ELSE

workVal = ve lNS
ENDIF

LOOKDOWN wor kVa l , <[128 ,255 ,382 ,509] , workVal
workVal = workVal + 1
velEW = velEW I workVal
velNS = velNS I workVal
speed = velEW HYP velNS
speed = speed * (workVal * 10) ** 14660 + 5 I 10

mtrlO = mtrl0 + ((velEW HYP veINS) * workVal)
REI'URN

The Calc_Speed subroutine starts by finding the larg­
er of the two speed vectors. This value is used in a LOOK·
DOWN table to create a scaling factor (1 to 4). Each vec­
tor is divided by the scaling factor and the speed is calcu­
lated with HYP. The next step involves a bit more math
than we're used to . We have to scale the speed back up
and convert to miles per hour. Notice that all the elements
are scaled by 10 so that we can add five and divide by 10
to round up . Remember that we can multiply by fraction­
al values with the ** operator. The term for * *, in this
case, is 14,660 - the same as multiplying by 0.2236 (the
conversion factor for going from 0.1 MPS to 1 MPH).

Before we finish this routine, there is one last bit. Part
of the project is to accumulate segment distance, and
that's done in mtrJ 0 (0.1 meters). This is actually quite
simple since the speed vectors are returned in tenths of a
meter per second. Since we update once per second, we
simply need to add our speed value to the accumulator.
We'll convert it to tenths of miles later.

Displaying speed is so trivial that I'm not going to go
through it. Why so easy? Because myoid pal , Scott
Edwards, thoughtfully added a "big characters" function
to his 4-line LCD controllers. You can see how this looks
in Figure 2, which shows the project in use.

Now that we know how fast we're go ing, it would be
nice to know the direction we're headed. This information,
like speed, is derived from the two direction vectors. This
time we'll use the ATN function . Keep in mind that ATN
returns brads, not degrees, so we'll have to convert. And
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Figure 2. PBASIC Unit Circle (Brads I Degrees)

there's another thing to deal with. Take a look again at
Figure 1. Notice how brads and degrees in the polar coor­
dinate system start at the three o 'clock position and
increase as we rotate counter-clockwise. Now look at a
standard magnetic compass. Notice how zero degrees is at
the 12 o'clock position and increase while rotating in the
clockwise direction. We'll have to deal with this . Don't
worry though, it's not difficult. The code that handles this
is the Show_Vector subroutine:

Show_Vector :
IF (speed> 0) THEN

GET 39, char
IF (char = "W" ) THEN velEW = -velEW
GET 44, char
IF (char = "S" ) THEN velNS -velNS
vector = ve lEW ATN velNS
vector = vector *1 360
vector = 360 - vector + 90 II 360

SEROur LCD , N9600 , [PosCrnd . 35 + 64, RtAlign ,
"3" , DEC vector ,
PosCrnd , 35 + 64, DegSym]

ELSE
SEROur LCD , N9600 , [PosCrnd , 32 + 64, "- - - "]

ENDIF
RETURN

All you math wizards recognize that the ATN function
actually converts Cartesian coordinates to a polar (rota­
tional) value. One adjustment that may be required to the
vectors is to place them in the proper quadrants so that we
get the correct angle from ATN. If we overlay a compass
onto a Cartesian graph, we'll see that the south and west
sides of the compass bearings fall into negative graph val­
ues. The Garmin GPS doesn't tell us this - it simply tells
us North or South, East or West. So we do a quick check.
If the North/South vector is south, we take the negative
value of the speed vector; we do the same for the
East/West vector.

Again , the ATN function returns brads. To convert to
degrees, we will multiply by 1.4 (* / 360) . Finally, we have
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Stamp

to reverse the direction by subtracting our direction from
360 , then adding 90 degrees to reorient zero to the correct
(12 o'clock) position.

Notice that we don't actually go through this trouble if
we're not moving . You see, we can't tell which direction
we're pointed unless the GPS receiver is moving. If we pass
zero speed vectors to this routine, it will tell us we're point­
ed East (90 degrees). This will usually not be the case so
we'll simply display dashes when the vehicle is stopped.

You may be wondering why we didn't scale the vector
values when we calculated the speed. The reason is that
the vectors were scaled by the Calc_Speed subroutine and
not modified after - so they are already scaled appropri­
ately for the ATN function.

The next step in the program is to convert the
direction of travel to a more useful string; "-N-" when we're
traveling on a heading of zero degrees, for example. The
subroutine that handles this is called Show_Compass:

Show_Compass:
SEROur LCD. N9600 , (PosCmd, 52 + 64]
IF (speed> 0) THEN

eePntr = vector * 100 + 1125 I 2250 I I 16
eePntr = eePntr * 3
FOR i dx = 0 TO 2

READ eePntr + i.dx , char
SEROur LCD , N9600 , [char]

NEXT
ELSE

SEROur LCD, N9600 , [ "- - - "]
ENDIF
RETURN

As with direction in degrees, we'll only show this value
if moving. What this routine does is create a pointer to one
of 16 strings. Ifwe divide the compass face of 360 degrees
by 16, we get 22.5. Since we want our pointer to be right
in the middle of a 22.5 degree segment, we divide the seg­
ment width by two to get 11.25. The BASIC Stamp doesn't
do floating point, so we multiply everything by 100 before
doing the pointer math.

A simple loop handles pulling the string from a DATA
table and printing it on the LCD. This is actually quite use­
ful. While driving to my brother's house, I was watching the
display to make sure that I was generally traveling in a
north-easterly direction while driving. That was actually
quite comforting across some very long, flat stretches
of road.

We're almost there. The last thing to discuss is the trip
meter built into the code. What I did before leaving home
was go to one of the many Internet mapping sites and
downloaded door-to-door directions to my brother's house.
The directions basically told me to get on a specific road
and travel a given distance. As you'll see in Figure 3, I've
got a button on PO so that I can reset the meter. What I did
while driving was get on a road, press the segment reset
button, then watch for it to increment to the distance given
in my directions. Since the display was sitting on the dash-
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Stamp

The Need for Speed
Monitoring

value becomes our distance traveled
between GPS scans. The Calc_Speed
subroutine took care of accumulating
distance in tenths-of-meters. We can
convert this value to tenths-of-miles
by dividing by 1,609. Finally, we put it
up on the display, taking advantage
of another nice feature or SEETRON
displays: the ability to right-justify
numbers.

Vss

etrex

This code was a bit more compli­
cated than the projects I usually pres­
ent here, but I think it was fun and
was certa inly a good learning experi­
ence for me. Be sure to download the
full listing and go through it slowly ­
it should all make sense once you've
studied it for a while.

The cool thing about this project
is that it provides non-contact speed
and distance monitoring. Since it

uses GPS, it can be put on anything that moves - a car,
boat, scooter, or go-kart. Do you want to know how fast
your soapbox derby car goes? Now you can.

Before I sign off this month, let me give you one more
web link. While working on this program, I found the fol­
lowing conversion site to be useful :
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Finally, for those of you who read this column but
haven't actually started with Stamps, or those of you who
might want to get a friend or youngster started ... good
news. Parallax has teamed with RadioShack to put a great
starter kit in select RadioShack stores (those in major
population centers) . The kit includes the Parallax
HomeWork board and the "What's a Microcontroller?"
text and components. It's a great way to get started and
at a fantastic price - and you can pick it up at your local
RadioShack. Look for the starter kits to hit the shelves
this holiday season.

That's all for now. Happy Thanksgiving to you and
yours ... and as always, Happy Stamping. NV

Stamps in the Shackl

www.sciencemadesimple.comjconversions.html

Vss

Show_Miles_Acc :
IF (FuncBtn = Pressed) THEN

mtr10 = 0
milO = 0

ENDIF

IF (mtr10 >= 1609) THEN
milO = milO + 1 II 10000
mtr10 = mtr10 - 1609

ENDIF

SEROUT LCD , N9600, [PosCmd, 75 + 64,
RtA1ign , "3",
DEC (milO I 10) ,
PosCmd, 75 + 64,
DEC1 milO, " mi. "]

220 0

PO

RETURN

Vss

P15

P14

boa rd righ t above the steering wheel, it was very ea sy to
see and monitor. Without fail, every new junction was
within a tenth of a mile of where it should have been.

Let's have a look at the segment code.

On entering this subroutine, we check to see if the
button is being pressed. If it is, we clear the segment accu­
mulators. Keep in mind that th is routine - like all routines
- only gets called once per second, so you may need to
hold the button for a moment. Most of the time the button
will not be pressed. In this case we'll look at the tenths-of­
meters accumulator and compare it to 1,609 (the conver­
sion factor to go from tenths-of-meters to tenths-of-miles).

Let me go back and review some logic . The speed
output values in the GPS string are in tenths-of-meters per
second. Since we're checking every second, the speed
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Hewlett/Packard, and Fluke) a re
designed for professional use and
tend to age well. They also have a
la rge user base, so special parts are
relatively easy to get. Off-bra nds
(Heath, RadioSha ck, and Eico) a re
usually bu ilt for the hobbyist. They
are fine for that purpose. However, in
a business setting (or serious ama­
te ur) , these a re simply not reliab le
enough. This is why used-equipment
companies don't carry off-brands.

Finall y, aLways ge t a
service/operator's manual when you
buy the equipment. Often the seller
can prov ide you with one. If not, then
go to the manufacturer or try third­
party documenta tio n vendors like
Sam's Photofacts. It's hard to repair,
calibrate, or use equipment with out a
service manual. If you don't get one
when you are thinking about it, you
won't have one when you really need
one. What's more, as time passes,
manuals are harder to get. The value
of a service manual is co nsiderable.

There are several classes of used
equipment dealers. I've made up my
own names for them: salvagers, re­
sellers, calibrators, and leasers. Let's
look briefly at each class.

Sal vagers are companies th at
buy equipment literally by the ton.
They may have no background in
electronics. To them, an oscilloscope
works if you turn it on and a tra ce is
seen. Usually , the equipment is quite
old and no warranty is available. The
prices are great ... often a few pen­
nies on the dollar. But , the risk is also
great. Usuall y all sales are final. This
is a gambler's market. If an individual
is selling an item on the web, it
should probably be considered in
th is class.

Re-sellers are a step-up from the

nchr

New or Used

Test Equipment

understanding of testing fundamen­
tals is so importa nt at both a practi­
cal and a theoret ical level.

The general topic of used equip­
ment needs to be discussed befo re
delv ing into specific requirements.
Obviously, used equipment is much
less exp ensive than new. And "used"
doesn't mean "used up." It's qu ite
clear that good, used equipment is
available. The question is how to
determine what is "good" and what
is not.

Generally, I always look to the
used market before buying any major
piece of test gear. However, there a re
a few exceptions to th is. Used digital
(logic analyze rs, etc.) and computer­
ized equipment is often available new
for comparable prices. Also , used
mechanica l tools and equipment can
simply wear out and be very difficu lt
to repair.

There is also one very important
rule to buying previously owned gear.
If you don't know exactly what you
are buying - don't buy it. There are
many products that have similar part
numbers that are quite different in
performance. There are often "A" ver­
sions, "B" versions , and so forth .
Additionally, some oscilloscopes
need "plug-in" sub-assemblies and
are not functional without them.
Obviously, this can come as a big
surprise, if you don't know exactly
what you are buying. A 10 or 15 year
old catalog is extremely useful her e.

Another po int to remem ber is
that buy ing a name brand piece of
used gear will often outlast a new
piece of off-brand gear. Th is is
because name brands (Te ktronix,

h

Testing demonstrates how some­
thing works - or doesn't. It teaches
you. If you measure the input of an
a mplifier an d see 0.1 volts and the
output is 10 volts , you learn that the
a mplifier has a gain of 100. If you see
a glitch when a circuit fails, you learn
that the glitch is th e problem. Testing
lets you explore a circuit. Most stu­
dents and engineers enjoy probing a
new piece of gear to see what it does.

Testing also collects data. There
is the obvious need for th is to deter­
mine if something is operating prop­
erly. However, th ere is another impor­
ta nt a nd subtle aspect to this .
Understanding how test instruments
work allows you to understand instru­
mentation . Instrumentat ion is funda­
mental to signal analysis . And signal
analysis is used in nearly every elec­
tronic device.

Eve ry microcomputer with an
a nalog to digital converte r (A/ D) is a
simple test instrument. Every switch
closure causes a voltage to change.
Every data cable carries a signal that
must be processed. It's hard to think
of any electronic product that does
not test something in some way. So ,
you can see why testing and the

NOVEMBER 2003

T est equipment is probably the
most important investment
for a start-up company (or

hobbyist). Choosing the right equip­
ment saves time and money.
Knowing how to get the most ou t of
your equipment is critical, too . In last
April 's column, A Pr imer on Testing,
I dis cussed philos ophy and theory.
Today, we'll look at the practical side
of your test bench.

Why Testing is
Important



In The Trenches

salvagers. They understand test
equipment better. They also know
how to perform basic tests to see if a
unit is functional. They usually war­
rant functionality but not perform­
ance. For example, this means that
the oscilloscope works reasonably
well, but the time-base may be off
slightly.

Companies selling surplus equip­
ment on the web usually fall into this
class. Prices can be 10% to 25 % of
the original price. Usually there is a
warranty for functionality and some
type of basic return policy (perhaps
30 days). This choice may be accept­
able for a hobbyist, but not for a busi­
ness. The equipment is still not reli­
able enough for that.

Calibrators sell equipment that is
guaranteed to meet original factory
specifications. This means that it
operates as if it was new. The prices
are slightly higher than the re-sellers,
but this class of equipment is suitable
for any purpose. Individuals and

companies selling surplus equipment
do not fall into th is class. This means
anything on eBay is probably not in
this class, either. Only companies
that specialize in selling calibrated,
used equipment fall into this class.
Look for the "Fully calibrated to fac­
tory specifications" phrase. If it does­
n't specifically say it's fully calibrated,
it probably isn't. These companies
provide a warranty for performance
and a return policy. This is a good
choice for older equipment (5 to 10
yea rs old or more).

Leasers are companies that buy
new equipment and lease it out. After
a couple of years , they have
recouped their investment and made
a profit. So, they then sell off the
equipment for cash. This equipment
is newer than the calibrators. In fact ,
it may still be under the original fac ­
tory warranty. The equipment is gen­
erally calibrated. At the worst, you
can pay a nominal fee for calibration.
Prices are usually 70% to 90 % of the

original price. But, if you need a
$20,000.00 spectrum analyze r and
only have $15,000.00, this is the
class to examine. This class is suit­
able for any purpose, as well.

The Basics

A good power supply is more
important than most people realize.
Poor regulation can lead to noise and
all sorts of strange problems. A good,
current-limited, adjustable , linear
supply is ideal. Switching regulators
are electrically nois y and really only
acceptable for digital circuits. (And
sometimes not even then.) Current
limiting is important because it often
stops parts from failing (exploding,
burning up , etc. ) when there is a
short circuit.

Simple homemade circuits using
the standard three terminal regula­
tors are fine for the hobbyist. They
inherently limit the current to about
an amp or so . And there are ways to
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100 MHz, you will see 0.7 volts.
People tend to m iss this point.
Remember, higher frequency har­
monics are present in any non-sine
wave. These can be reduced or elim­
inated because of a limited band­
width. For example, a 100 MHz
square wave will look very much like
a 100 MHz sine wave with a 100 MHz
oscilloscope.

If all you ever wanted to do was

Circle #132 on the Reader Service Card .

www.frontpanelexpress.com

used analog 'scopes at very good
prices.

Th e bandwidth is the oscillo­
scope's main specification. It sa ys
how high a frequency it can meas­
ure . There is a "gotcha" he re. For
example, if a bandwidth is specified
at 100 MHz, this means that the
response at th is frequency is down
by 3dB or 30% (typically ). So , if you
are expecting to see a 1 volt signal at

cu rrent limit these, as well. (See the
manufacturers' application notes for
deta ils. Or, if th ere' s a big de mand,
I'll provide the design 1 use.) For
business, a good bench supply is
necessary.

Note there is nothing wrong with
us ing batteries as a power supply as
lon g as they are fresh enoug h. (Wea k
batteries can also create stra nge
problems. ) Batteries are inherently
quiet a nd ha ve limited current . I often
use standard nine volt batteries when
breadboarding circuits. . However,
they are very expensive in the long
run.

You will also have to ha ve a mult i­
meter or two (I think I've got about
six). You can usually get by with a
good digital one (3.5 dig its for hobby
and 4.5 digits or more for se rious
work) and a cheap analog one. The
digital one is for precision measure­
ments that no analog meter can
match. The analog meter is very use­
ful for showing slow variat ions or
averaging out unusual wave-shapes .

Modern DMMs (Digita l Multi­
Meters ) have all so rts of capabilities
that were unheard of 10 yea rs ago.
Sometimes, paying a little extra for a
special function in a meter can save
paying for a separate instrumen t
(like measuring capacitance). Look
closely at what's available. There's a
huge variety out there . Note, a lways
look at the DC input res ista nce
(som etim es called "input im ped­
ance" and not to be confused with
resistance ranges). It should be as
high as possible. Preferably at lea st
10 megohms. (My 5.5 digit Fluke
meter's resistance is greater than
1,000 megohms. )

The last basic bench test instru­
ment is an oscilloscope. You cannot
do any serious de sign work without
on e. Yes, it's expens ive, but it's nec­
es sary. You wouldn 't try to solder
with a match would you? It's proba­
bly best to sta rt out with a plain ana­
log one (unless you ha ve specific
requiremen ts that de mand a digital
one) . As it stands now, you can get
the best bandwidth for the buck with
analog . Howeve r, this ma y no t be
true in the future. You can get good
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compatible to the an alog 'sco pe' s
bandwidth. However, digital 'scopes
have the capability of constructing
an image of the signal by taki ng mu l­
tiple samples and adding the m
together. So the "repetitive signal
bandwidth" may be much greater.
Know the difference .

This brings us to an important
po int. You should always get better
equipment than you currently need.
This is because it's eng ineering 's
nature to evolve . Things alway s work
faster or with more precision today
than yesterday . Getting a piece of test
equipment that just meets your
needs today will be inadequa te
tomorrow. Then you either have to
buy a new instrument or try to use
something that cannot provide you
with the precision necessary. It
makes more sense to budget a little
extra now instead of paying a lot
more in the near future .
Instrumentation is expensive. You
want it to last a while.

With oscilloscopes, try to get a
mult i-trace unit with dual time base
(not just delayed sweep) . It's a lmost
like getting two oscilloscopes in one.
The extra time base can be set to
trigger on an event some time after
the first trigg er. It makes seeing pa rts
of complex waveforms easy. For
example, suppose you want to look
at the 10th scan line in a video sig­
nal. Just set up the main trigger on
the retrace signal and adjust th e
delay for the second time base trig­
ge r - which is on the sync signal.
The trace will step from line to line
with the turn of a dial. (I know of a
person who had to spend a day or so
breadboarding a complicated count­
er to accomplish this.)

If you need a frequency counter,
get one with a high stability tim e
base option (o ne par~pe~

million /PPM or better). Also , look
closely at "universa l" counters .
These allow you to take ratio meas­
urements between two different fre­
quencies. This saves time and errors.
Long, digital counter chains a re triv­
ial to troubleshoot. It's certainly very
easy to see that 32,767 is not 32,768 .
Compare that with measuring one

Chlcony PC USB Web Camera

Product #: TM ·USB-CAM

Our Price: $16.9 9

Remotecontrol from other apps, (e.g.

VisualBasic. Subst ituteshigher priced

universal programmers e.g. AlL·II

(HILOl or LAB-TOOL-48 <AOVANTECH)

Providing virtually matching perfor ­

mance at only 113-1/5 the pri ce.

Info. ; Order>, cali. : 619·702-4420

least 50 MHz for any digital work .
This will show 20 nS glitches. For
high -speed digital work , you should
multiply your speed by four or five for
you r bandwidth. So, for a clock
speed of 50 MHz, get a 200 to 250
MHz oscilloscope.

The usable "one-shot bandwidth"
(for non-repetitive signals ) of digital
'scope is about 20 % to 25% of the
sampling rate. This va lue is most
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compact size good application
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audio or TV servicing, you used to be
able to use a 5 to 10 MHz 'scope.
Well, that's yesterday. Today's TVs,
ste reos , CD players , and all the rest
are using more and more digital cir­
cuits and higher frequency switching
power supplies. And , don 't forget
remote co ntrols, embedded micro­
processors, digital signal processors ,
and so on .

You will need a bandwidth of at



they should be periodically checked
for proper operation. This is called
calibration. It's basic industry stan­
dard to cal ibrate instruments every
yea r or after every repair. Th is takes
time and can be expensive if the
equipment is sh ipped to a calibration
facility.

Is it really necessary? Well, it
depends. An experienced engineer
will often notice significant (a nd

Circle #131 on the Re a d e r Serv ice Ca r d.

Info on Servof'od''>': www.newmicros.com Tel:214-339-2204

GET

ServoPod™!

Your Next Project
GOT
(a few dozen)

things to

CONTROL?

Analog multimeters vary and are
identified with an "ohms per volt" rat­
ing. The point I'm trying to make is
that you sh ould always be awa re of
the limitations of your equipment.
Forgetting this important issue will
lead to confusion and perhaps other
bad things. Test instruments are not
perfect .

Additionally, test instruments
age and wear out. This means that

Take a fresh nine volt battery and
connect it to two 10 megohm resis­
tors connected in series . What is the
voltage from the resistor-resistor
junction to the minus battery con­
tact? Measure it. It should be 4.5
volts . Most likely, your meter will indi­
cate something much less. Why?

Simply, your meter places a load
on the circuit. That's another way of
saying that the meter acts like a high­
value resistor parallel with the 10
megohm res istor. Most basic DMMs
have about 10 megohm input resist­
ance. Oscilloscope "1X" probes have
1 megohm resistance and "10X"
probes have 10 megohm resistance.

signal 's frequency, measuring anoth­
er signal 's pe riod (to get the needed
resolution), converting from period
to frequency, and then calculating
the rat io (which will rarely be a whole
number because of counte r-gate
uncertainty and rounding errors ).
Time is money.

Get a tracking generato r when
you buy a spectrum analyze r. (This is
a sweep-oscillator that follows the
scan of the spectrum analyzer. ) It
allows you to create frequency
response curves for amplifiers and fil­
ters in seconds. For RF work, it can
provide some of the capabilities of a
network analyzer. It allows simple
one-port (a ntennas) and two-port
(am plifiers/ filters ) analysis .

I on ly touched on some of the
most important basic pieces for your
test bench. O bvious ly, the re are
many other types of test equipment.
(If you want more details on more
types of instruments, let me know. )
Your specific needs will tell you what
you should buy. With the exception
of the oscilloscope bandwidth, you
should always buy at least 10 times
the precision you want to measure. If
you want to measure to ±0. 1 volts ,
you need a meter that measures
±0.01 volts. Otherwise, you will not
be able to trust your measurements.
And, if you can't measure it, how do
you know it works?

Limits, Calibration
and Standards
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CapAnalyzer 88A LeakSeeker 82B
Available at your distributor, or cal/561 -487-6103

Electronic Design Specialists www.eds-inc.com

Good test equipment makes test­
ing easier. Mak ing testing better
requires thought and understanding.
You can improve the accuracy and
resolution of many measurements
with simple statistical proceedures.
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Thinking is the Best
Test Instrument

There a re many simple ways to
perform confiden ce checks on equip­
ment. (A precision resistor measured
very accu rately , a good cr ystal oscilla­
to r, etc.) These are necessary. And ,
they should be performed with regu­
larity - at least every month. Any vari­
ation in performance should be noted
on the instrument. (Use something
relia ble . Yellow st icky notes are not
acceptable. ) Any significant variation
from wha t's expected should be a
signal to repair or re-ca librate the
device.

Bas ica lly, confide nce testing is
"standards testing." You test a fre­
quency counter with a "standa rd" fre­
quency. Of course, th is leads to the
question of how good the standard
frequency is and how it was meas­
ured , and so forth, and so on .
Eventually, all standards return to
basic measurements that are inte rna­
tionally agreed upon. NIST (National
Institute for Standards and
Technology) is the group that repre­
sents the USA. This is what is meant
by "NIST Traceability."

Of course , yo u can buy
"Standa rd" items that are directly
traceable to NIST, but they are
expensive. On the other hand, they
can be amazingl y accurate. For
example, I recently got a voltage
standard (Standard Cell) from a local
company that was go ing out of busi­
ness. It was made by The Eppley
Laboratory in Newport, RI. I called
them to see when it was made. Mr.
Richard Eggerman told me it was
made in the 1960s or 1970s, and in
1996 (the final year they made them)
they sold for about $425.00 . The volt­
age marked on the standard is
1.01905 volts . I measured it to be
1.01 857 volts . Onl y a change of 480
JlV over 30 to 40 yea rs!

301-262-0300

WWW.TraceSystemsInc.com

Clearly this will cause significant TV
reception problems in the finished
un its .

A sh ort-cut for calibration is called
'confidence testing .' This presents
known signals to the instrument to
verify it's operating properly. In the
above case, the frequency counte r
could be tested each morning with a
separate and precise 250 MHz signal.
It would only take a minute.

Your DVM shows the same shorted reading all
along the pcb trace. LeakSeeker 828 has the
resolution to find the defective component.
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect's pad. Now
you can locate a shorted part only a quarterof
an inchaway from a good part. Short can be
from 0 to 150 ohms

Locate shorted or leaky
components or conditions
to the exact spot in-circuit
Stillcutting up the pcb, P'!'''''~
and unsoldering every
part trying to guess at
wherethe short is?

$179

s Y s T Iii M $, , n c.
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And with a 60 day trial period. satisfaction
guaranteed or money-back policy, the only
thing you can lose is all the time you're
currently spending on trying to repair all
those dogs you've given up on.

sometimes not-so -significant) varia­
tions in performance with a fa milia r
piece of gear. Additionally, most varia­
tions are subtle and are not too likely
to ca use problems. It can be really
se rious if the instrument is used by
prod uction people for precision meas­
urements. For example, suppose
someo ne is aligning a TV tuner with a
250 MHz signal (measured with a fre­
qu ency counter) that is off by 1 MHz.

Inexpensive enough to pay for itself in just
one day's repairs. At $179, it's affordable.

The Standard for checking
Capacitors in-circuit

Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
lYC, NASAand thousands
of independent service
technicians.

It writes yourUSB code!
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HIDmaker ($399) - creates HIDmaker Test Suite ($149)
ready to compile PC & PIC programs U5BWatch - shows your device's
that talk to each other over USB. USB traffic, even during 'enumera-

Choose yourfavorite languages! tion', without expensive equipment.

PIC: Pic Basic Pro, CCS C, Hi-Tech C, AnyHID - Test any USB HID device.
MPASM. pc: VB6, Delphi, C++ Builder. See what data it sends, even what
Single chip solution: PIC wit h built- the data is used for.
in USB
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10,000 feet plus - Full 5 mw. A real
beauty!!
LAPNGR5 Ready to use...$129.95

Ion Ray Guns
Potential .~••IIIJJI.
concept for
the ultimate weapon of the
future . Produces force fields,
induces shocks and other weird
effects.
IOG9 Plans $10.00
IOG9K Kit $129 .95
IOG90 Assembled $199.95

Laser Window Bounce
Receiver and
laser illuminator
modules for
building a listening device.
LWB9 Plans complete system..$20.00

Infra Red Laser Module

CWL1K Kit $199.95
CWL10Assembled $299.95

Optical Receiver with Voice Filter
LLR4K Kit.. $149.95
LLR40 Assembled $199.95

Anti Gravity Projects
All new mini 35 kv 1.5
ma adjustable output
power supply with
instructions on making
a simple craft.
GRA1K Kit $59.95
GRA10Assembied $99.95

Green Lasers Pointers
with Coliminator

Electrokinetic Guns
Fires an actual
projectile using a
magnetic pulse. Advanced
project must be used with
caution. Battery powered.
EML3 Plans $8.00
EML3K Kit $59.95

Information Unlimited
Box 716, Amherst, NH 03031 USA

Orders: 1-800-221-1705
Fax: 1-603-672-5406

Email: riannini@metro2000.net
Catalog $2.00

Circle # 134 on the Read er Servic e Card .

The practical aspects of testing
cover a large number of areas.
Understanding how testing is accom­
plished, how test instruments work
and the limits of test equipment will
enable you to make the most out of
your time and money. Whether you
are a hobbyist, design engineer, or
entrepreneur, learning about the
techniques of testing will always be
worthwhile. NY

there was a problem in the battery
cables. But, the car had two six volt
batteries behind the seat and many
connections. Which was the bad
one? My friend made a simple test
instrum ent.

He took a piece of insulated wire
and electrically connected one end to
ground. Then, starting at the starter,
he briefly touched each connector
until he found the one where the bat­
ter y current caused big sparks and
the wire got hot. That showed him
the last good connection in the
series. He was able deduce that the
previous connector had to be the bad
one . With his other simple tools, he
was able to clean the connector and
start the car. Elapsed time: less than
30 minutes.

.Co nclu sion

BASIC MICRO Visit us online at WWW.BASICMICRO .COM to see our complete product line
T e C H N 0 lOG Y AT W 0 R K or call toll free at 1-8 00-86 9-50 95

'use code: NV2 when orden to et sale prid

MBasic Professional features include: '------- --- -
32 Bit math ExpandedLCDcommand Updated InCircuit Debugger
32 Bit FloatingPoint Readand WriteMemorywithBasiccommand New Oscillosco"" Software builtin
DallasOneWire Support BasicInterrupts ,..~

ILThen..Else..Elseif..Endif HardwareTImers Free Boot Loader Builder Included
HardwarePWM Hardware SerialUARTHserinI Hserout Free Boot Loader Interface Included

as
M
you the flexibilitY you never
had before. choose the
microcontroller that best suits
your needs . MBasic Professional
combines an Integrated
Development Environment (IDE) with an
In Circuit Debugger (ICO) allowing you to write. compile,
program and test your new code with the click of a button all
from within one powerful Windows application . Plus get the
best support available anywhere.

NOVEMBER 2003

It 's tedious, awkward, and time con­
suming. But, 10-fold to 1DO-fold
improvements in accuracy and reso­
lution can be accomplished this way.
This means that you have the poten­
tial to turn the fast 8-bit A /D in your
microprocessor into a very slow 12­
bit A/D. Under some circumstances,
this may be a perfect answer to seri­
ous problems.

You need to understand both the
instrument and the test to get the
most out of your gear. Do you know
how dual time-bases work? Or, how a
universal frequency counter differs
from a basic one? Or, that a tracking
generator makes filter testing a
snap?

These points are learned through
experience and a willingness to learn.
Read the instruction manual. I'll bet it
will show you many ways to use that
piece of gear that you didn't know
about before. Watch and learn from
others. Ask questions. Testing is fun­
damental to many aspects of engi­
neering and to the business of engi­
neering.

Here's a good example. A while
back, an engineer fr iend's sports car
wouldn't start after dinner at a restau­
rant. He had a basic tool kit with
screwdrivers, pliers, and some insu­
lated wire . It seemed clear to him that
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only require replacing the modem on
your server with a ISDN terminal
adapter.

There is also the new V.92
standard, unfortunately it won 't help
you since it is only an improvement in
the upload speeds of V.90. For a more
complete explanation , check out
www.v90.com

Bill Curry
Baton Rouge, LA

[09034 - September 2003]
I need to buy a submersible

water pump. The pump runs off 120
VAC and has a line cord attached.
The idea of putting a line cord in
water just makes me w eak at the
knees. Can I use two wall-warts
(both 9 VAC), on e plugged into the
wall with the output connected to
the output of the other wall-wart?
This should give me back an
isolated 120 VAC at low amperage,
right? The pump is rated at 120
VAC 0.09 amps.

# I Altho ugh your ide a sou nds
novel, it's not the way to go. Your
fears are well founded , 120 volts and
water don't mix. However, we do live
in the 21st century and cheap cures
are available and safer.

Install a GFI into your wall socket
where you ge t your power for the
pump, and any possible sh ort to
ground or water will trip the circuit off
like a fuse or circuit brea ker, but
much faster.

All modern devices that involve
water and power are required to have
these nowadays and that includes
kitchen a ppliances and bathroo m
receptacles. They usu ally retail for
less than $10.00 and they are the
only way to go . (GFI stands for
Ground Fault Interrupter.)

Chris Bieber
CA

#2 I share your concern abo ut
~ mixing 120 VAC and water but I've
:.I had very good luck with pumps of
~ this typ e. One has been in continuous
I operation here for over 10 years with
!~ no difficulty. However, there are a
i~ couple of ways to improve the sa fety.
t:) Your idea of two back-to-back
Z wall warts is a good one with one

104

exception - current! Although you
didn't specify the wattage of the
motor driving your pump, even if it is
a small one, it most likely consumes
100 or more watts of power. This
translates to approximately 1 amp at
120 VAC. There is no way your wall
warts rated at .09 amp are going to be
able to su pply the needed current.
Furthermore, one amp at 120 VAC
translates into over 13 amps at VAC
which the transformers must also
carry!

There are a few ways to do what
you want:

1 . Use much larger transformers
rated for the neccessary current.

2 . Purchase a 120 VAC isolation
tranformer rated for the current
needed by the motor.

3 - Purchase a ground fault
interrupter and plug the pump motor
into it. This will rem ove power the
instant there is any type of current
leakage between the AC power ma ins
and a path to ground and is a lot
cheape r than a tran sformer with the
needed current capacity .

K3PGP . John

[08037 - August 2003]
I want to construct a pocket­

size one-octave electronic
''pitchp ipe,'' very simple with no
be lls and whistles. Is there an IC on
the market that would be the basis
for such a device?

Depending on what your needs
are , as far as precision, and
repeat ability, bot h sh ort- and long­
term, so mething as simple as the
ubiquitous "555" chip would work.
It's readily available, dirt cheap, and
you can set oscillator frequ ency with
a simple R/C circuit. By simply using
several momentary-contact push­
butto ns to switc h in different R/C
resonan ces, you ca n make it tweet at
different pitches .

That 'simplistic' 555-bas ed circuit
willsuffer from 'drift' over time , and as
temperatur es change but it is not
likely that ea ch pitch will drift an
'equivalent' amount.

A high-precis ion, high-st a bility,
version would use a temperatur e­
com pensated, cryst al-con trolled
oscillator reference, a progra mmable

divider circuit , and a volta ge
controlled oscillator in a PLLcircu it to
generate the pitches.

By us ing a single reference, you
insure that, if any drift occurs, that all
the generated pitches will shift in the
same direction, and by proportionate
amounts - i.e., relative pitch will still
be perfect, even if absolute pitch is a
little bit off. With typ ical cr ystal
accuracies measured in parts per
million, this kind of design will
probably hold Concert A within ±O.O1
Hz, without any special effort. With
care in the design, one can easily add
another one or possibly even two
zeroes.

Rob ert Bonomi
Evanston,IL

[09035 - September 2003]
I am setting up a data

acquisition system for use on a
small bo at and wa s contemplating
using a min i PC li ke FIC's Ice Cube
or Brick . I'm try ing to keep the
power consump tion of the system
down and have been looking for
any "w eak links in the chain." I
hate th e idea of using a voltage
inver ter to step up the 12-volt
battery output to 110 VAC so I can
plug my computer power supply in,
which th en con verts back down to
±12, ±5 VDC, etc.

Does anybody make or have
plans for a DC-to-DC power supply
for computers that is a direct
replacement ATX or mini ATX
format? Are the re people out there
w ho only use computers from
batteries? I will have this system on
eight plus hours a day, so I can 't
use my laptop, as the battery only
lasts two hours at best.

There has been a circuit
described in QST July 1997. Sam
Ulbing N4UAU designed this neat
little booster for what Mr. Len ardi
needs. It can be found at
http:/ / user.gru .net/ n4uau/kits/B
ooster%20QST.pdf

I remembered this because I
needed a circu it like this and it se ems
to be efficient, flexible, and easy to
build. Hope I could help.

Christian Bock
Longview,WA

NOVEMBER 2003
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Many more Power
Suppliesavailable
on our WebSite:
Look Under Test

Equipment '

SMD RE-WORK SYSTEM
wNacuum Pick-up tool.

Details at WebSite

SMD RE-WORK SYSTEM w/Solder Iron

Item# C S l9 06

Item# C SI825A ++

FANTA ST IC
VALUE!!

MicroProcessor
Co ntro lled!

Includes 4 Nozzles !

Digital Laser Tachometer
*5 dig it, 6" LCD Di sp lay

*2.5-99,999 RPM~
test range $49.00!

*Auto-Ranging
*2" to 80" test range Item#
*memory function DT-6234C

Technical Detail s at Web Site

Triple Output Bench Power Supply

with four 3-1/2" digit LCD Displays

Output: 0-30VDC x 2 @ 2 AMPS
& Iea. fixed output @ 5VDC
Source Effect: <0.02% +lmV
Load Effect: <0.01% +5mV
Ripple & Noise: <lmVrms

CS13002D-3..$169.00 Dimensions: 365x265xl64mm
(qty 5+..$159.00) Input Voltage: 1l0VAC +1-10%

Details at Web Site

Super Economy DMM CSI 830

1999 count LCD Display 1 10 50+
15mm digit height $9.99 $7.99 $6.99

HIE DATA HOLD ' DCVolts:200ml2VJ20VJ200VJ600V
AudibleContinuity ,ACVolts: 200/600

RubberBoot & ' DCCurrent: 200Jl/2mJ20mNIOA
TestLeads *Resisrance:200/2K/20K/200K/2M
Included ' Size: 138 x 69x 31 mm

neW"! ~

Item#
FClO02

In Business
Since 1971

­... • . VlS4-

CS13003 : 0-30v/0-3am plJ-4..$89.00/5+..$85.00

CSI5003: 0-50v/0-3amplJ -4 ..$99.00/5+..$95.00

Digital Read Out 3 Amp Bench Power Supplies

Available in 0-30 volt & 0-50 volt vers ions
High stability digital read-out bench power supplies fea­
turi ng constant voltage and current outputs. Short- circuit
and current limi ting protection is provi ded. Highl LED
accuracy and stable line regulatio n make the 3000 series
the perfect choice for lab and educati ona l use.

' Line Regulation: 2xI0-4+1ma .
' LEDAccuracy: Voltage±1 %+2digits New! ••Lower PrICeS

Current: ±1.5%+2digits
"Wave Line Noise:<1mvnns
'Dimensions: 291mm x 158mmx 136mm

10 Turn Precision Pots

1/4" S h a ft

1 Watt

price per value

I 10 100
$6.95 $5.50 $4.95

stocking standard va lues
from 100 ohms to 25K ohms

( www.CircuitSpecialists.com J
*Easy to Navigate
*Includes a Search Engine That

Really Works
*New Items Added Constantl y

Item# $29.00
CSITWZ-STATION

SMD Hot Tweezer
Adaptor Fits C5 1
Statio ns I & 2, and
also CS I906

As Low As
S6.00/Thousand!

100-999 1000+

$0.025 SO.006
$0.025 $0.006
$0 .025 $0.006
$0.025 50.006
$0.025 $0.006
$0.025 $0.006
$0.025 $0.006

Details at Web Site

Hand-Held 3.0GHz Universal Counter

*10 digit LCD Display With Field
*High speed 300MHz direct counter w/O.IHz resolution Strength
*50 Ohm input for full range IMHz to 3.0GHz coverage
*Ultra sensitive synchronous detector w/16 segment Measurement
bargraph display of RF signal strength ~NCLUDES: .

*4 selectable gate speeds removabletelescoping antenna
*Hold switch locks display Now O n ly ' Intemal 4AANicad batterypack
*L ti $99 00' ' 9VDC,500mA wall charger

ow power consump IOn • • ' Pocket SizedTester
Extensive Details at: www.CircuitSpecialists.com

---

Protek 60 & 100MHz Realtime Scopes

2Channel Dual Trace Amazing Brand New
6" InternalGrid Values T Not Refurbished!
ALTMAG Includes 2 scope prob es

ALTTRIG 60MHz only $469.00
TV Sync 100MHz only $699.00

(Limited TIme Offer)
Extensive Details at: www.CircuitSpecial ists .com

B&W High Performance Night Vision Camera n!:'i!*::
We've found more expensiveunits with more LEOs but
the performance of this unit is superior. Ideal for outdoor
or indoor nighttime monitoring. Heavy Duty metal casing
is weatherprooffor protection fromrain or snow. $149.00

Regulated Power Supply WDADP-I 2..S14.95 W DB-5007S
Details at Web Site

*Ceramic hea ting element for more accurate
temp control

*Temp control knob in F(392° to 896°) &
C(2DO° to 489°)

*3-prong gro unded power cord/sta tic safe tip ,I
*Seperate heavy duty iron stand It #
*Replac~able iron/easy disconn.ect C~T-STATIONI Rapid Heat Up!
*Extra tips etc . shown at web site

Also Available wlDigital Display
& MicroProcessor Controller

Item#
CSI-STATION2

$49.95

Circuit Specialists Soldering Station
w/Ceramic Element & - --
Seperate Solder Stand . new!~

N EW LOWER PRICES ON
I N4000 SERIES DIODES

---••~-- 1 -9 10-99

IN400 1... $0. 10 $0.07
IN4002 $0.10 $0.07
IN4003 $0. 10 $0.07
IN4004 $0.10 $0.07
lN4005 $0.10 $0 .07
IN4006 $0.10 $0.07
IN4007 $0.10 $0.07

Activated Carbon
Filter Pad (replaceable)
helps reduce
harmful fume s
while soldering.
Item#
CS1486 $27.99

Personal Fume Filter for Soldering

( For Mo re Info see CircuitSpecialists.com )



newt}-_.
Personal UV E PROM
ERASER

, .

Innovative 5 in 1 DMM
Integrated SOUND/
LIGHT/HUMIDITY
SENSORS

CSI8209
*Alt-Mag sweep
* I mV!Div vertical

sensitivity
*Alternate trigger
*X5 sweep magnification

Details at $49.00
CircuitSpecialists.com

ItClll#

D-ERASE

$49.95
Erase Up to 4 Chips at a time
Adjustable Timer: 4 to 24 minutes

ExtensiveTech Details & a Special Offer
At Our Web Site

RF Field Strength A na lyzer $1499.
The320I is a highquality hand-held RF (Limited Offer)
Field StrengthAnalyzer with wide band
reception ranging from 100kHz to
2060MHz.The320I is a compact &
lightweight portable analyzer& is a
must for RFTechnicians. Ideal for test­
ing, installing & maintenance of Mobile
Telephone Comm systems, Cellular "~~iI
Phones,Cordless phones, pagingsys­
tems,cable &Satellite TVas well as
antenna installations.May alsobe used
to locate hidden cameras using RF
transmissions

$269.00

2 AMP O-IS\'
Bench Power Supply
LCD Display

input voltage: I JOVAC
output: 0-J8VDC
Current: 0-2A
Source Effect:<0.02%+ ImV
Load Effect:<O.OI% +SmV
Ripple& Noise: <lmVrms

CSI 8203.... $189.99

I 5+
$59.95 $52.95

Intelligent Auto-Ranging DMM
01/1' Most Sophisticated DMM Ever '

Large 4 Dig backlit 8000 count
dual display & Analog
Bargraph. RS232 I.R.interface
Isoftware Icable 4 display
modes, True RMS
value & Freq. of Min/Max
values:Temperaturein F/C;
relative quantity & error % of
relative value at the same time.

More Details at Web Site

Circuit Specialists 20MHz Dual Trace Scope
*20Mhz Bandwidth Item# CSI6502
*Alt-Mag sweep
*lmV/Div vertical

sensitivity
"A lternate trigger
*X5 sweep magnification
*Large 6"CRT/autofocus
*Comes w/2 (x l & x10) probes)

More Details at Web Site

Item# S2405

Convert any PC with USB interface
to a high performance Digital
Storage Oscilloscope. This is a
sophisticated PC basedscope adaptor
providing performance compatible
to mid/high level stand alone prod­
ucts costing much more! Comes
with two probes.
Complete details & software
download at our Web Site und er
Test Equipment

" DC to sM Hz
"Dual Channel
*Sampleing Time:SOMs.S
*Auto Triggering $299 00
*Auto Calibrat ion •
*Roll & single shot mode
" 16 shot reference wave-

form & set-up memory
" Built in autoranging True RMS

Digital Multimeter
*Includes RS-232 I.E software,

RS232 cable & Rubber Boot

Item# 200DSO $859.00

, .

Digital Storage Oscilloscope Module

Non-Contact Infrared Thermometer

5MHz Dual Channel Digital Scope Meter
Details at Web Site

"Non-contact Infrared w/laser pointer measures
-"sO°C to sOO°CI-s8°F to 932°F

*Measure temperature of hot or moving objects

from a safe distance Details at r~eh Site
"Narrow 8:I field of view
"Fast Sampling Time
*Switchable Co to FO and Auto Power Off
*Large 3-1/2 Digit (1999 count) backlit LCD
with Data Hold

nellV!~ Item# DT-8812

PC based Digital Storage
Oscilloscope, 200MHz 5GS/s
equiv, sampling USB interface

Circuit Specia lists now carries
FLUKE T EST EQUIPMENTFLUKE ®

Visit our web site & view
our extensive offering of new
FLUKE TEST EQUIPMENT.
Just go to our home page & select TEST EQUIPMENT.
We've gotgreat deals! New!

FLUKE COLORSCOPES

100+
$ 1.25
$ 1.25
$1.35

10+
$1.50
$ 1.50
$ 1.59

LED's /M egabright Bl ue, White , GREAT PRICES!

1
Megabright Blue 5mm (L7113PBC/G) $ 1.95
Megabright Blue 3mm (L7 104PBC/G) $ 1.95
Megabright White 5mm (L7 l 14PWC/G) $2.15

more technical details @ our web site under SEMICONDUCTORS

FLASHING Red 3mm (L36BHD) as low as $.28 ea!

Details at Wi b s iie

100 LEDs for $1.50 !!
Normal brightness leds now available
in RED or GREEN in 3mm or Srnm size.
Your choice. Each bago f 100 costs $1.50 !

~ (that's 1.5 cents ea.!) Each bag contains
100 of the same led.

BAG-RED Smm SI.SO BAG-GREEN Smm..SI.SO
BAG-RED 3mm SI.SO BAG-GREEN 3mm..SI.SO

BAG ofLEDs DEAL

Itcm# SV803K $59.00

Va r ia b le Temperature Heat Gun Kit
- - • *Ternperature knob adjuststemperatureup to 1050"F

nellV! ~ *3 stageairflow switch: cool (140°), low air, highair
- - .. *Ergonomic handle with comfortable softgrip

*Powerful l400 wan output \t"d" i ll Germanv
/.......- -nelN!~

PROGRAMMABLE DC POWER S UPPLY
1::::="_--- _ .......

"Stores up to 10 settings for fast & accurate recall Manua l PDF available at
"Backlit LCD display CircuitSpecialists.com
"High Resolution (lmV)
"PC compatible (with optional RS-232 adaptor module)
*Easy programming w numeric keypad or fast rotary code switch
*Power shut down memory function More Details at Web Site

Visit our website for a complete listing of our offers. We have over S,OOOelectronic items on line @ www.CircuitSpecialists.com. PC based data
acquisition, industrial computers, loads of test equipment, optics, I.C's, transistors, diodes, resistors, potentiometer s, motion control products, capac­
itors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printed circuit supplies for PCb fabrication, educational
D.I.Y.kits. cooling fans, heat shrink, cable ties & other wire handleing items, hand tools for electronics, breadboards, trainers, programmers & much
much more ! Some Deals you won' t believe !



Order a BASIC Stamp 2p Professional Starter Kit
and get 1/BASIC Stamp 2p: Commands, Programs
and Projects" FREE (while supplies last).

Build yo ur next pro ject with the BASIC Stam p
2p, the most ad van ced of a ll Parallax BASIC Stamp
microcon trolle rs.

Why is the BASIC Stamp 2p ideal for engineers?
• High reliability with a proven track record
• Ideal for proof-of-concept projects
• No compiler is required for use
• Free technical support via telephone or E-mail

The BASIC Stamp 2 p mod ules are avai lab le
in o ur standard 24-pin format, or in a 40-pi n
package (with 16 II0 s for a tota l of 32 I/O pin s!).
Commands for interfacin g with parallel LCDs,
Philips 12C devices and Da llas Sem icon du cto r 1­
Wire parts have bee n added a lo ng wit h a po lled
interrupt capabi lity.

Eacft Kit includes the BASIC Stamp 2p module
of yo ur choos ing an d its co rrespo nd ing Demo
Board, plus the BAS IC Stamp Manual v2 .0,
Parallax CD-RO M, ser ial cable, and compo nents
pack which includes: DS1822 The rmometer, RTC
wl RAM, 4K EEPRO M, 4. 7K resistor, a nd 32.768
KHz XTAL. BS2p24 Professional Starter Kit;
#272 35; $209; BS2p40 Professional Starter Kit;
#272 38; $219

Place your order online 24-hours a day at
www.parallax.com; or ca ll the Parallax Sales
Department to ll-free at 888-5 12-102 4 (Mo nday­
Friday, 7 a .m. - 5 p.m., Pacific Standard Time)

www.parallax.com

BASIC Stam p is a registered trad ema rk of Parallax, Inc. PC is a registered tradema rk of
Philips Semiconductors. t -wlre is a registered trademark of Daillas Semiconductor.

Circle #154 on the Reader Servic e Card .

BASIC Stamp 2p24
Professional Starter

Kit; #272 35


