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Reader Feedback

Dear Nuts & Volts:
I am a co llege professor whose

research area is the neural control of
locomotion (walking) , and I am also
becoming interested in Robotics as a
research tool, and as a hobby. I have
finally gotten a chance to look through
your Robotics Supplement # 1, which I
somehow received even though I'm not
currently su bscribed to Nuts & Volts . I
found it very informative and enjoyable;
the best robotics magazine for robotics
beginners (like me) that I have se en.

Carl Spirito, Ph.D.
Portland, ME

Dear Nuts & Volts :
Wow! I su bscribed at just the right

time. For the past few years, I have
begged, borrowed, or stolen copies of your
magazine. But a month or so ago, I finally
broke down a nd ordered a multi-year
su bscription. What a nice magazine.

I would like to take a minute and
comment on an article in the Nov. 2002
issue called "A MIDI Chr istmas." This
thing has more potential than an atomic
bomb! I never thought I would see such a
power-packed, practical project in any
subscription magazine. I deal with show
controllers a lot that cost in excess of
$3 ,000.00 each and here you come with
one that is prac tica lly free . I contacted the
author by email and have really been
treated well as they are eager to help and
promote their project. I am in the process
of ordering some prototype controller
boards now and plan to incorporate this
design into museum disp lays . I just
wanted to say thank you for having the
insight to run an article on a very practical
project and hats off to the designers for
being willing to share it with us.

Tim Driver
via Internet

Dear Nuts & Volts :
I am writing this letter to commend

Nuts & Volts magazine and Bob Vun
Kannon. I have all my Nuts & Volt s
magazines stacked on a shelf dated back
to mid 1995, and I am sure I have older
ones in the garage. Your magazine is
great!

I have used the MicroLab BASIC
compiler and PIC 1684 for many years
and I love it. However, the PIC chips are
just too pricey for simple circuits. The
Atmel family of chips are less money, and
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I really wanted to use them instead of the
MicroChip 16F84. Most of my projects are
from simple to medium in complexity. I
did a couple of projects in assembler, but
BASIC just makes it so much easier,
simpler, and quicker, so it was always the
PIC.

Bob Vun Kannon's a rticles on the
RVKBasic compiler was the key to move
me over. I had a slow start since it is a little
different than the MicroLab compiler I was
used to, but I mailed the author and he
was nice enough to point me in the right
direction . Once I was rolling, I have been
hooked on it ever since. I have done many
switch and relay circuits and I am now
worki ng on an MP3 keyboard for our boat
to control the PC in the ca bin. My electric
drill loves its new four-h our timer circuit
an d relay since I like to leave it plugged in
and it gets a bit warm.

Please continue the support of the
RVKBASIC in the future , the articles
helped me get started, but it would be nice
to see more AT90S 1200 and 2313
projects. I love the PIC, but the price is too
high and the 1200 with the inte rnal OSC
makes it attractive for simple projects at
$2.00 and no XTAL and picofarad caps
required. Thanks again and keep up the
great work.

Mike Ramos
US Internet Technologies, Inc.

Dear Nuts & Volt s:
Please consider ch anging to a

"normal" size magazine layout. Oversize
mags such as yours and EETim es have
less value since they're too annoying to
archive or even kee p in a stack of "to be
read" issues . I scan each issue of N & V,
rip out articles, and dis pose of the rest
immediately.

If the mag was a standard size , I might
be a little friendlier to it. I seriously
questioned my last renewal - partly due
to weak content and partly due to the
annoying size .

Jim Boyd
via Inte rne t

Editor 's Note: Well Jim ... ask and you
shall receive! Beginning with th is issue,
Nuts & Volts will now be a regular size
magazine. Plu s, w e've added three new
columns, put tog ether a new p roj ects
section complete with skill-level ratings,
and added other new features, as w ell.
Check it out and enjoy!
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by Jeff Eckert

Events, Advances, and News From
The Electronics World

TechKnowledgey
2003

as a commercial product, but it
should be ready for commercializa­
tion soon.

Atomic Clock
Accuracy Improved

A ll clocks operate by counting
the frequency of some sort of

event (the swing of a pendulum, the
AC powerline frequency, the move­
ment of the sun, and so on). Atomic
clocks are the most accurate, being
based on the transition time of atoms
as they move back and forth between
two energy levels. This works because
every isolated atom of a particular ele­
ment is exactly the same as every
other atom of that element, no matter
where you go in the universe.
However, even atomic clocks have not
been totally free of timing errors.

Because the atoms they count
traditionally have been contained
within a glass vacuum chamber, and
because the atoms occasionally col­
lide with the chamber walls, the inter­
nal "ticking" of atomic clocks is not
absolutely consistent. But a team of
physicists and engineers at NASA's
Jet Propulsion Laboratory
(www.jpl.nasa.gov) have come up
with a solution.

In a new version of the atomic
clock, the atoms (mercury ions, actu­
ally) are contained not by a glass wall,
but by an applied electric force field
(called an ion trap), thus reducing the
error factor to approximately 10,000
times less than existing devices .

The result is a clock that should
provide accuracy to within one minute

ing (MRI) .
The software allows the techni­

cian to rotate the 3-D image, zoom in
or out, and otherwise manipulate it to
focus on specific portions, thereby
obtaining a highly valuable preview in
a very short time . Afterward , a more
time-consuming process can be
applied to obtain a higher quality
image.

According to David Ebert, an
associate professor at Purdue, "More
conventional imaging methods of,
say, a CT scan of a person's head
require slower processing techniques,
which means either you have to do a
lot of processing or it takes a while to
generate an image. We can have a CT
rendering of a person's internal
organs in real time, where the organs
are represented as a series of small
points."

The software is not yet available

Ancient Technique
Transforms Modern
Medical Imaging

housands of years ago, cave
dwellers and other primitive

artists used the process of "stippling"
to create drawings on walls, eating
utensils, and so on. In the modern ver­
sion - generally known as "pointil­
lism" - an artist (often equally primi­
tive) uses essentially the same tech­
nique by applying dots of paint or ink
to simulate light and dark gradations
to form an image.

In an interesting digital adapta­
tion of the process, engineers at
Purdue University
(www.purdue.edu) have come up
with software that applies stippling to
3-D images generated by technologies
such as computerized tomography
(CT) and magnetic resonance imag­

1--- - -+-- -
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experience. If so , you may want to try
WebWasher®, a utility that can be set
to filter out your choice of pop-ups,
scripts, advertising banners, coo kies,
and other items that you would rather
not encounter. The product, distributed
by WebWasher.com AG, originated in
the Siemens Computer Systems
Development Division, based on an
idea put forward during an internal
innovation workshop.

C ircl e #79 on the Reader Service Card .

"\ : With dozens of embedded
'l'o"q .~ controllers and countless

"III' configurations. we can help
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• L1nux 2.4 Kernel
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.10 Base-T Ethernet
• 8MB DOC Flash Disk
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• Power Supply
• Carrying Case
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• X-Windows (opt ion )
• RealTime L1nux (option)

IImaglne run n i ng Embedded L1n ux on a Sing le
ti Board Computer (SBC) th at is 4.0 " x 5.7 " and
boots L1nux from a Flask -D isk. No hard dri ves ,
no fans , nothing to break . Now your hardware
can be as reliab le as L1nux ! If you r application
requires video output, the X-Win d ow s upg rade
op tion provides video output fo r a s t and ard
VGA monitor o r LCD. Everything is Inc l ud ed;
Ready to Run L1nux l
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SFAIliFIIli KIFmedia and life sciences.

According to IBM, a single p655
rack takes up less space than the
six racks used by a Hewlett­
Packard rx5670 system with the
same number of processors. The
entry-level price for the p655 is
$72,899.00.

In recent times, IBM appears
to have regained its leadership
position in supercomputing.
Among the vario us machines
included in the "Top 500 List of
Supercomputers," IBMhas a total
of 93,074 TFLOPS of power
online , which accounts for about
31% of the total processing power
on the list. Hewlett-Packard, by
the way, is second, with 64 ,827
TFLOPS.

"TOPSOO" List of
Supercomputers
Released

Since 1993, the Top 500
Supercomputer Sites

(TOP500) organization has been
compiling a list of the world's 500
fastest supercomputer installa­
tions "to provide a reliable basis
for tracking and detecting trends
in high-performance computing."
Twice a year, a list of the sites
operating the 500 most powerful
computer systems is assemb led
and released. According to the
latest version, released last
November, NEC's "Earth
Simulator," located in Japan, is
the unchallenged king of the
heap, at 35 ,870 TFLOPS, fol­
lowed by two segments of the
ASCI Q machine operated by Los
Alamos Labs, with >7 TFLOPS
each. For a look at the complete list,
visit aww.top500.org/ list/2002/11 /.

Defense Against Pop-Ups

I f you do a significant amount of
Internet surfing, you are certain to

be increasingly annoyed by pop-up
windows aimed at selling you unwant ­
ed junk, steering you to other URLs,
and otherwise intruding on your WWW

TechKnow ledgey 2003

New I28-Processor Server

per 10 billion years. The good news is
that this increased ac curacy will be
helpful for interplanetary space travel,
where tiny timing disparities can dra­
matically affect spacecraft navigation.
The bad news is that you will have even
less of an excuse for being late to
work.

I f you recall the legendary chess
match between the IBM"Deep Blue"

supercomputer and Garry Kasparov,
you may find it interesting that IBM
(www.ibm. com) has released an
upgraded versi on of the fa mous
machine for general consumption.
IBM's eServer p655, powered by 128 of
the company's POWER4™ processors
per frame, offers peak processing
power of 0.5 trillion operations per sec­
ond in each frame. Versions are avail­
able with four or eight processor build­
ing blocks.

The UNIX-based p655 is designed
for scientific and tech nical computing,
high-level business applications, and
massively parallel proces sing in digita l
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The WebWasher Content Security
Management (CSM) suite - created
for enterprise-wide use - is billed as
the first security solution that allows
central administration and filtering of
all web, email , and FTP traffic at the
Internet gateway. The suite includes
Internet access management, web
content filtering, virus and malicious
code protection , email filtering, and
reporting functions to eliminate securi­
ty risks derivinq from the Internet. The
price for this deluxe version starts at
$29.00 per license for a single user
and drops to $19.00 per license for 25
or more users. Potential buyers can
download a 30-day trial version at no
cost.

The WebWash er Client version for
use on individual computers is avail­
able at no charge for home and educa­
tional use, and the company claims
that it is alrea dy in use by five million
individuals worldwide. It is available for
Windows 95 /98/2000/NT, Mac OS
8.1 , and later, and Linux operating sys­
tems, making it highly versatile . To try
it out, log onto www.webwasher
.eom] en/products/wwash/ down
load.htm and follow the directions.
(There is als o a German-language
page accessible from www.webwash­
er.com, if that is more convenient for
you .)

C· rcuits and Devices
Math Learning Tool
Introduced

For students who need to improve
their math skills (or perhaps just

cheat more effectively) , Casio
Computer Corp. (www.casio .com) is
introducinq the new ClassPad 300. The
device allows the user to input and dis­
play expressions as they appear in a
textbook. Facto rization of expressions,
calculation of limit values of funct ions ,
and other operat ions can be pe r­
formed , with the results shown on a
160 x 240 dot LCD touch screen. The
device includes tools for 3-D graphing
and drawing geometric figures, and
the user interface operates via a pull­
down menu aimed at simplifying com­
plex operations . The ClassPad 300
also su pports drag and drop , copy and
pas te, and other pen-based operations
that help to minimize keystrokes.

Main features include Casio 's
"computer algebra system" (CAS) nat­
ural display that allows input of frac­
tions , differentials , integrals, ? calcula­
tions , lim calculations, and other
expressions in the same format as that
used in mathematics texts ; a function
conversion operation; and presenta­
tion softwa re that allows sc reen shots
to be played back in slide show format.
Hardware includes a flash ROM (500
kB user area , 4 MB add-in area ) and a
USB cable for data transfer. It weighs
only about 10 oz. (280 g) and operates
on four AAA batteries. No price infor­
mation was available .

Ethernet-Compatible
Motion Controllers

he DMC-2 1x2 and DMC-21x3
Ethernet motion controllers, from

Galil Motion Controls

TechKnowledgey 2003

(www.galilmc.com). are intended to
be used in cost-sensitive and space­
sensitive applications. The units are
available in one-axis through eight-axis
versions and can be configured for
control of step or servo motors to
address any combination of axes.

The ca rd-level controller measures
just 4.25 x 7.0 inches (10.8 x 17.8 cm)
for one-a xis through four-axis models,
and 4.25 x 10.75 inches (10.8 x 27.3
cm ) for five-axis through eight-axis
operation. Any mode of motion can be
programmed , including linea r and cir­
cular interpolation , contouring, elec­
tronic gearing, and ecam.
Programming the DMC-2 1x2 is via
two-letter, intuitive commands and a
set of software tools such as WSDK for
servo tuning and analysi s , an d the
ActiveX Tool Kit for Visual Basic users.

The DMC-21x2 uses a 100-pin
high-density connector for each set of
four axes and requires Galil's Cable-

10
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the US Customs Service and California
officials.

Telecommunications
Anniversary

I n case no one has already brought
it to your attention, this year marks

the 80th ann iversar y of the invention
of the television camera. It was the cre­
ation of Vladimir Zvorkyn, a Russian­
born US citizen, who called his 1923
invention the Iconoscope. Vacuum
tube technology was the rage at the
time, and this was something of a nat­
ural extension of advancements occur­
ring in radio tube applications.
Broadcast television appeared a few
years later, with the first transmissions
made in England in 1927. The phe­
nomenon sp read to the US in 1930. In
his defense, we must acknowledge that
Zvorkyn could not have predicted that
his technology would eventually
degenerate into the cultural wasteland
that we now call television . NV

C ircle #8 1 on the Reader Service Card.

Convicted software pirate Lisa
Chen was recentl y sentenced to

nine years in prison for her crime and
ordered to pay $1 1 million in rest itu­
tion to Microsoft and Symantec. This
concluded a case that began in
November 2001 when Chen and sever­
al associates were arrested in Los
Angeles County, CA, with nearly $100
million worth of bootleg software in
their possession . The contraband
included more than 600,000 copies of
Microsoft's Office 2000 application
software, the Windows XP operating
system, and Symantec 's Norton
AntiVirus software. The pa ckages ,
which apparently were smuggled in
from Taiwan, were nearly exact dup li­
ca tes of the real thing, down to the
printed manuals, license ag reements,
bar codes, and shr ink-wrap packaging.
Reportedl y, the arrest came after an
18-month undercover invest igation by

Software Piracy
Prosecutions Continue

100 between the controller and ICM­
2900 interconnect module. The DMC­
21x3 uses a 96-pin DIN connector and
does not require a cable between the
controller and associated interconnect
boards.

Special inte rconnect boards
mount directly on top of the DMC-21 x3
and are available with on-board drives
for stepper motors, servo motors , or D­
type connectors for interface to other
motors and drives. Techn ical features
include 10Base-T connectivity, an
RS232 port (up to 19.2 kb), Modus
protocol support, up to 12 MHz
encoder frequencies for servos and 3
MHz for steppers, multitasking for up
to eight application prog rams, sinu­
so ida l commutation for brushless
se rvo motors, and many other capabil­
ities. The un its run $795.00 to
$1,595 .00 in single units, with su bstan­
tial discounts in quantities of 100+.

Industry and
the Professio



by James L. Antonakos

Electronic Theories andApplications From A to Z

Let's Get Technical
Operational Amplifiers:

Examining the Basic Configurations

T
his month, I am beginning
a series of technical arti­
cles on a wide range of
topics, from analog and

digital electronics, to microproces­
sors and microcontrollers, computer
arithmetic, networking, and comput­
er science theory. Some of the future
topics I will be examining are:

• A fiber-optic data communica-
tion system.

• Intel protected-mode architecture.
• Image analysis and recognition.
• AID and DIA converter tech­

niques and operation.
• Oscillator configurations.
• The 12C Bus.

These articles are intended to
"whet the appetite" for a particular
topic by examining its theory and
actual application. The material will
vary from basic to advanced, hope­
fully in a straightforward manner. I
am beginning the series with an
examination of several typical opera­
tional amplifier circuits.

Basic Operational
Amplifier
Configurations

There are five basic operational
amplifier configurations. They are:

1. The buffer.
2. The non-inverting amplifier.
3. The inverting amplifier.
4. The adder (or mixer) amplifier.
5. The subtractor (or difference)

amplifier.

Figure 1 shows the schematic of
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the buffer amplifier. This is the sim­
plest amplifier configuration, as it
requires no external components,
just a direct short between the out­
put and inverting input of the ampli­
fier. The voltage gain of the amplifier,
defined as the ratio of Vout over Yin,
is exactly 1.0 for the buffer amplifier.
The output voltage is the same as
the input voltage.

What is the purpose of an ampli­
fier whose gain is 1.0? Although
there is no increase in signal voltage,
the buffer provides impedance isola­
tion between the input and the out­
put. This means that the input sees a
high impedance (the input resist­
ance of the operational amplifier,
which is typically lOs or 100s of mil­
lions of ohms) and the output sees a
low resistance (around 50 ohms).
Impedance isolation is useful when
you want to eliminate the loading
effects of one component or circuit
on another. This is illustrated in
Figure 2.

The two-resistor voltage divider
shown in Figure 2(a) will produce
eight volts across the 4K resistor
when there is no load attached, but
only 5.71 volts when the 2K load
resistor is connected in parallel with
the 4K resistor. This is because the
parallel combination of the 4K and
2K resistors produces an equivalent
resistance of 1,333 ohms. So, the 10­
volt supply voltage is not dividing
between 1K and 4K, but between 1K
and 1,333 ohms, which is why we get
slightly more than five volts, instead
of the eight volts expected. The 2K
resistor loads the circuit and
changes its operation.

In Figure 2(b) , the voltage

across the 4K resistor is eight volts,
as expected, and the voltage across
the 2K load resistor on the output of
the buffer is also eight volts . The
buffer isolates the 2K load resistance
from the 4K circuit resistor.

The high input impedance of the
buffer does not resistively load the
4K resistor, allowing the voltage to
divide properly. Then, as long as the
load resistance on the buffer (2K in
this case) is reasonable and the
buffer can supply the required cur­
rent, the load resistor will have the
same voltage across it as the 4K
resistor does. Using a load resistance
that is too small will draw excessive
current from the buffer and cause
the output voltage to become unsta­
ble.

Figure 3 shows the other typical
operational amplifier configurations.
Note that all four configurations
employ negative feedback (a resistor
between the inverting input of the
operational amplifier and the out­
put). We make amplifiers using neg­
ative feedback and oscillators using
positive feedback. Each configura­
tion has some visual clues that help
identify it. Consider the following:

• The input signal is applied to
the non-inverting input in the non-

VOUT

•
VOUT =VIN

Figure I: Buffer amplifier
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What do these two statements mean? First, the input
impedance of an operational amplifier input is so high

Where Do The Equations
Come Fromt

Features

• 20 kHz real-time bandwith

• Fast 32 bit executable

• Dual channel analysis

• High Resolution FFT

• Octave Analysis

• THD, THD+N, SNR
measu rements

• Signal Generation "'r!
• Trigge ring, Decima tion

• Transfer Functions, Coherence

• Time Series, Spectr um Phase,
and 3-D Surface plots

• Real-lime Recording and ~ •.~ IR~oi :r-o U ';(Mlti ;$~_~ iffiii'ii~' ,]~i:W

Post-Processing modes

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

select our MiniBoard serviceandget threetop quality
2.5" x 3.8" PCBs for $62- shippingincluded!

[5J expresspcb.com •
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2kQ4kQ

IkQ

IOV

The voltage gain, which is typically determined by the
ratio of the feedback resistor to an input resistor, applies to
both DC and AC signals.

1. The inputs do not draw any current.
2. The differential input voltage is zero when negative

feedback is used.

The equations relating Yin and Vout in Figures 1 and
3 were derived using simple DC circuit analysis techniques
and by applying two important facts about the operational
amplifier:

inverting amplifier.
• The input signal is applied to the inverting input

(through a resistor) in the inverting amplifier.
• All input signals are applied to the inverting input

(through resistors) in the adder amplifier. This is like hav­
ing two inverting amplifiers rolled into one. More than two
input signals may be added or mixed together. Each signal
requires its own input resistor.

• The input signals affect both inputs on the subtrac­
tor. The voltage controlling the inverting input is subtract­
ed from the voltage controlling the non-inverting input.

Figure 2: The effects of loading
(a) Volt age divider w it h 2K load resist or

(b) Buffered voltage divider With 2K load resistor

PHS ;~~n6~r:~:~~o:~ware fIISnectra Plus
=-==:0. Poulsbo. WA98370 ~ t": .
a subsidiary of SOllnd Technology. Inc. FFT Spectral AnalySIS Sys tem

-=- IOV

IkQ

4kQ 2kQ

Applications

• Distortion Analysis

• Frequency Response Testing

• Vibration Measu rements

• Acoustic Research

SYStem Requirements

• 486 CP U or greater

• 8 MB RAM minimum

• Win. 95, NT, or Wi n. 3.1 + Win .32s

• Mouse and Math coprocessor

• 16 bit sound card

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

DOWNLOAD FREE 30 DAY
TRIAL!

www.spectraplus.com

b Sales: (360) 697-3472 Fax: (360) 697 -7717 e-mail : pioneer@lelebyte.co m
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Let's Get Technical

VIN
VOUT RF

RF
VIN

RI

VOUT

b
VOUT =VIN (- RF I R I)

VOUT =VIN (I + RF/RI) a

R2

V2 R2 RF RI
V2

VO UT
VI RI RI

VOUT
VI

+ VOUT =R2 (V I _V2)
RI

R2

VOUT=VI (-RF/RI)
d+V2 ( - RF/R2) c

James Antonakos is a Professor in the Departments of Electrical EngineeringTechnology
and Telecommunications Technology at Broome Community College , with ove r 26 years of
experience des igning digital and analog circuitry and developing softwa re. He is also the
author of numerous textbooks on microprocessors, programming, and microcomputer
systems. He can be reach ed at 615-5 13-9200.

ant o nako s.J@Sunybroo me .e du • www.sunybroome.edu/-ant o nako s.J

(1as or 100s of millions of ohms),
that we can typically ignore the
nano-arnpere or pice-ampere current
that may leak into the operational
amplifier. So , we say the inputs do
not draw any current, and that helps
us apply Kirchhoff's current law dur­
ing the analysis.

Second, when there is negative
feedback, the operational amplifier
will push or pull enough current
(within reasonable conditions)
through its output and feedback
resistor to make the voltages at each
input identical. This leads to a differ­
ential input voltage of zero. Another
way of looking at this is to remember
that the voltage on each input
(inverting and non-inverting) must
be identical when there is negative
feedback.

So , let us see how the voltage
gain of the non-inverting amplifier
can be derived. Examine the circuit
and analysis presented in Figure 4.

14

Step 1: The current through R1
will equal Yin divided by R1. Why does
Yin appear across Rl? Because the
differential input voltage must be zero .
The non-inverting input voltage is
Yin, which means the voltage on the
inverting input must be equal to Yin.

Step 2: Based on the direction
of the currents chosen for analysis,
together with Kirchhoff's voltage law,
we have Vout equal to the sum of Yin
and the voltage across the feedback
resistor Rf.

Step 3: Because the inputs of
the operational amplifier do not draw
any current, Kirchhoff's current law
allows us to say that the feedback
current (If) equals 11.

Step 4: Substituting the equa-

tion for 11 into the Vout equation, we
now have an equation containing
only Yin and the circuit resistors on
the input side.

Similar methods are used to
derive the gain equations for the
other configurations. Here are some
hints in case you want to try the der­
ivations yourself:

. Inverting amplifier: The cur­
rent through R1 is the same as the
current through Rf.The voltage at the
inverting input of the operational
amplifier is zero , what we call a virtu­
al ground. Thinking about the differ­
ential input voltage should help you
here.



IkQ

VOUT

SkQ

your

I. II =VIN I RI
2. your = VRF + VIN

= IF (RF) + VIN
3. IF = I I
4. VOUT = (VIN/R I) RF+ VIN

= VIN (I + RF/RI )

RF

- VRF +

There are many other opera­
tional amplifier configurations, such
as log amplifiers, absolute-value, inte­
grator, and differentiator circuits,
active filters, and oscillators. Every
one of these circuits obey the same
rules of analysis as the basic circuits
presented here.

However, many of them require
the use of complex numbers (real
and imaginary numbers) , so it is a
good idea to brush up on your alge­
bra before attempting an analysis.
NY

For example, if the device is pow­
ered with ±10 volts and the gain of
the circuit is 50 , the largest input volt­
age possible is 0 .2 volts before the
output will clip by hitting a power
supply rail.

Conclusion

IF -

II

RI

6kQ

- 0

+
VI N

Figure 4: Denving the vo ltage gain for the
non- Inverting amplifier.

4kQ

VIN

Figure 5: Combining the basic configurations.

vc

After I have covered
the circuit from Figure 5, I
like to ask a few questions to see if
the students can apply the rules of
operational amplifier analysis to an
actual circuit.

Fo r example, how would the
operation of the circuit change if
there was no buffer amplifier between
the non- inverting amplifier and the
lower input of the mixer? Or, what are
the largest voltages allowed on each
input?

With no buffer following the 6K
resistor, the resistors on the subtrac­
tor 's non-inverting input will load the
6K resistor, changing the voltage
divider ratio (it becomes smaller) .
This affects the contribution made by
Vc to the output of the circuit.

The largest voltage possible on
any input depends on the gain asso­
ciated with the input and the voltage
used to power the operational ampli­
fier.

VA {I V} I kQ

A Little
Thought­
Provoking
Silliness

subtractor output voltage
is five tim es the difference
of -3 volts and -2 volts , or
-5 volts . In general, the
output voltage is 5(3Vc ­
[8Va - 5Vbj) , or 5(-8Va
+5Vb +3Vc).

Figure 5 shows an operational
amplifier circuit composed of each of
the five basic configurations. I use
this example with my students to
help them recognize the basic config­
urations when they appear in a la rger
circuit. Let us work our way through
the circuit, keeping track of voltages
and equations as we go. Sample volt­
ages have been assigned to assist
with the analysis.

We begin with input Va (one
volt), which is applied to the input of
an inverting amplifier with a gain of

-4. The output voltage is thus -4
volts . In general, the output voltage
equals -4Va.

The -4 volt output is applied to
one input of an adder. The ga in asso­
ciated with the -4 volt input is -2. Th is
contributes eight volts to the output.
The second input - Vb (two volts ) ­
sees a gain of -5 and adds -10 volts to
the output. The overall output volt­
age becomes -2 volts . In general , the
output voltage equals 8Va - 5Vb.

The Vc (-1 volt) signal drives a
non-inverting amplifier with a ga in of
five. The output voltage is thus -5
volts, or 5Vc in general. Th is voltage
is applied to a voltage divider com­
posed of a 4K resistor and a 6K resis­
tor. The voltage across the 6K resis­
tor is taken as the output voltage,
which will equal 0.6 times the input
voltage.

This gives an output voltage of ­
3 volts , or 3Vc in general. This volt­
age is buffered and applied to the
lower input of a subtractor with a
gain of five. The upper input of the
subtractor is the adder output. The

Combining The
Pieces

. Adder: Another virtua l ground
is present. The current in the feed­
back resistor is the sum of the individ­
ual input resistor currents.

. Subtractor: Label the voltage
at each input of the operational ampli­
fier Vx. Write two equations for Vx.
One equation must use VI , Rl , and
R2. The other equation must use V2,
R1, R2, and Vout.

15
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Amazing Devices from the Future
See on www.amazingi.com

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

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

MAIL ORDERS CALL TOLL-FREE-I-800-669-58I 0

OVER 8,000 ELECTRONIC ITEMS ONLINE

DEALS YOU WON'T BELlEVEl

EARTHi... f::·i).COM

See the World's Largest Collection
of LCDs and LCD Products

C & S SALES
WWW.CS -SALES .COM

D i g i t a l Multimeters, Solder ing Stations, Test

Equipment, Snap Circuits, Educational Kits

w w w.ro bot ikits direct.com
See our fantastic line-up

of state-of-the-art
robot kits

Electronics

Optics
Surveillance

Z
Fl

Smar t Battery Charger &
More H am Radio Accessor ies

www.a-aengineering.com

Single & Dual Axis
Solar Tracker Controls

www.theanalogguy.com

USBDAQ
Everything Included
www.labjack.com

LED,Amplifier, Oscilloscope,
VU Meter Kits, and More

www.OKITS.com

with Ethernet Co nnect ivity

EPROM+ Device
Programming System

www.ar labs.com

CueCats • Simple Low-Cost
Barcode Scanners

www.mavin.com

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

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

www.lynxmotion.com

Eversecure '" , OEM Security
Products,A ccessor ies

www.matco.com

Thousands of active e lectronics ho bbyist s,
experimenters, and engineers are just a mouse click away
from your website . Now yo u can get both a print ad and
internet link for one low price.

We'll place yo ur ad on the Electronic s Lin ks page of ou r

we bsit e w ith a hotlink directly to your website - Plus run
yo ur ad in the new Electro-Net section of Nuts & Volts.All for
one low monthly price. Call for pricing today! (909) 371-8497

.LL~
~~~~~

www.allelectronics.com

www.zworld.com
Embedded Control

;~

l!:i ~ --,
~
I~
'~

~...
t::»
Z

Electro-Net Go to www.nutsvolts.com - click electronics links



NEW, 2 WATT, 204GHz, Video and Audio TRANSMITTER, includes
EXTERNAL ANTENNA RECEIVER, FOUR user selectable channels.

Simply connect ANYstandard NTSC compatible VIDEOSOURCEto the completely self
contained, TWO WAn, 6" x 3" x l.S·tronsminer. Omnidirectional patch antenna included
inside tronsrnitter housing. Now you can transmit even further than ever. Usesthe same
external antenna receiver described below. The tronsminer is powered by 9VDC@7S0mA.
loll ACpower supplies and cables inciudedJ.Choose your choice of a 14dBYAGI antenna or
a 24dB Parabolic antenna. lsee antennas at WWW.RESUNLTD4U.COMI This is a complete
system, nothing extra to buy. Perfect for Radio Control video systems. Don't miss out.
AST.2WATT-YAGI.... .$399 set. AST-2WATT-PARABOLlC.... .$445 set.

NEW, ULTRA LONG RANGE, 2.4GHz 500mW Video/Audio MINI­
TRANSMITTER with EXTERNAL ANTENNA RECEIVER,
Provides FOUR user selectable channels as well!
YAGI or PARABOLIC ANTENNA INCLUDED!
Simply connect ANYstandard NTSC compatible VIDEOSOURCEto the completely self
contained. SOOmW, mini 13' x 2.S" x 0.7S"ltransminer. Omnidirectional patch antenna
included inside trcnsrniner housing. Now you can
transmit up to several miles clear line of sightl Using
the companion, external
antenna receiveris simply a
matter of connectionthe
antenna to the ottcched 36"
long cable, terminated in a
male N connectar. Thereceivers video output works with
any TVor VCR. Receiver is powered by 12DC@300mA. s

~illI~"~~~"1 1 Receiver size is: 6'L x 3'W x l.S"H, Thetransminer is powered by SVDC @4S0mA. loll AC
power supplies and cables inciudedJ. Chooseyour choice of a 14dBYAGI antenna or a 24dB
Parabolic antenna. Isee antennas at WWW.RESUNLTD4U.COMI

AST-LR-YAGI. $329 set. AST-LR-PARABOLlC $369 set.

A VIDEO MICROSCOPE in the PALM of your
HAND! NEW, MAGCAM, VIDEO INSPECTOR,
OFFERS HIGH POWER and LOW COST. Two
optical magnifications at the flick of a lever.
Choose either 40X or 140X. A high quality, digital.
color CCDcamera, with dual optical
magnification senings and built
in ob ject illumination via two
ultra bright, white LED's. Entire
system is fully integraled into
a rugged and ergonomically
designed. hand held unit only
2.7"Wx 3"H x and 1.8"D Video
output is standard NTSC via a
RCA jack. 12VDCpowered.
CCD provides 380 lines of
resolution and O.Blux
sensitiVity. Complete with power supply
and 3 foot RCAcoble. A fantastic and useful device for
inspection, diagnostics and observation of small objects.
Perfectfor SMTInspection. JANUARY SPECIAL.

GM- MAGCAM....$18gea.

•

BRAND NEW, VIDEO MOTION SENSOR.

Themodel VM-l0 connect to any standard video signal
and you've got an electronic "watchman' diligently
watching the entire scene. Or any adjustable sized area
within the scene. Suchas a doorway or even a drawer or
cabinet. A state of the art security aid. The unit will close a
contactwhen it senses a change. Auto or manual reset.
Internal buzzerwith volume control and adjustable on
time. VCRrecord and VCRstop output. luse with time lapse
VCR.lll OVACpowered. Adjustable sensitivity. Video loop
through. VM10.. ..$17gea.

NEW & IMPROVED, SONY EX-VIEW, 0.003Lux, NOW, EVEN MORE, POWER to SPARE!
WEATHERPROOF or UNDERWATER, FANTASTIC, 12 VOLT, 28 Amp Hour,

B&W CAMERA, 16X MORE SENSITIVE. PANASONIC LC-XI228p,
Now with 10 INTERNAL, INFRA-RED LEDs! SEALED RECHARGEABLE BATTERY.

Sleek black anodized, BRASS, 'Zf.. Wecarefully removed
housing. O-Ring sealed & p p these, sealed lead cod
WATERPROOFdown to 60feet. butteries from unused 4
Adjustabe mount included. banery "trays" intended as
Specs: 113" CCD. 400 Lines part of a power backup
res.•super 0.003 Lux system. They are in mint
sensitivity, AGC, Auto Shutter. condition. Regular price of

12VDC@200mA, 4mm, 78' FOVlens, A real glass lens. this banery is about
NTSC videa out. Superior construction. SENSITIVEto IR. Ultra S90ea.TypeLC·X1228P is
small Size only: 1.2S-diam. X 2' long. With 60 ft. cable. your chance to perk up
Perfectas a remote area, pipe ar ductwork inspection those heavyduty power
camero. Excel'ent far general covert outdoor use. projects. Perfectfor

JANUARY SPECIAL. GM-300KX-l0........$169 powering bottle boIs,
telescopes and as port of a solar power system. Even
your fish finder. underwater camero or smaller trolling
motor.Thelist is endless. Don't be left out of this
opportunity. Thesize is a manageable 6.S"Wx 6.9"H x
4.9"D, weight is 22 1bs. Heavy duty. lead post type
connections with 6mm bolt holes. Use two in parallel for
S6Ah! PANA-1228P. .... $3gea. 2 lor $59

STEPPER MOTORS, NEMA 34, HEAVY DUTY,
NEW! STEP-SYN. type 103-820-0241 Stepper
Motor from SANYO DENKI.
A three piecesetof
Nemo size 34 flange,
Heavyduty, Brand
new, 2deg. per step,
six wire steppers.
Superior, dual sealed
ball bearings far
heavyloads and long,
life.Marked far 4.SV '
@I.4Amps. We do
notknow the official torque
spec. We beiieveit to be ISOto
200ozlin if you know. please let us '\
know. Overall size is: 3.4" Diam. x 2.S- Deepwith a 0.37S"D
shaft that is 1.1 ' l. Weigh 2.SIbs. each. A verynice DIYstepper
with a lot more to offer than the usual nema 23·s.

SANYO-3 3 motors lor $5gea.

SPECIAL, DAY/NIGHT TECHNOLOGY,
OPTIMIZED COLOR / IR OPTICS

DSP technology and 10 Automatic LED's.
Weather light GM450K-IR Makes it Happen

Featuresinclude:
Interactive infrared
illuminator with 10high
power, wide angle LEDs
@880nm . seeobjeds
60 feetaway during total
darkness. A super quality
Selement, glasslens,
specially cooted with a

100layeroptical cooting. For perfed focus with white light
and a crisp image under infrared. Normally impossible due
to the differentfocal point far IRand visible light. Solid state
infraredopticalswitch providesday time IRcut filter for
excellent color. Atnight infrared filterwill turn off toallow
infrared to pass. Also, night time IRLEDs will gradually turn
on with proper amount of illumination. You can alsoseecolor
images such as lights and signsat night. Fogfreecover
glass. Specs: OS lux color sensitiVity. 60dBSin ratio typical.
12'1/0 cable with BNCvideo and DCbarrel jack. 120 dB
smear rejection ratio. Adjustable mount and power adapter
included. JANUARY SPECIAL.

GM450K·IR..$19gea. NOW $169

SONY EX-VIEW CCD for the best "ASTRO N O M ICA L"
PERFORMANCE available in an uncooled affordable
camera! With 600 Lines Resolution. NEW! 0.00005 Lux, Black
and white, stateof the Art Video, Our GMV-EX-6K,Takesthe Prize. For covert,
military & scientific applications. this is il. Unbelievable O.OOOOSLux @10.8
performanceisenhancedthraugh low
speedelectronicshunering. digital
frame integration and advanced DSP.
Autosensitivitymode starts as it
becomesdark. 24 hour surveillance is
possible with theoptional 11.2 auto iris lens shown •
below. SevenGain/Shunermodes are user
selectable. Normal. X4, X8. X16. X24, X32, X64 X128.
Frame rates of 60, lS, 8, 4, 3, 2,1and O.Sper second. Autolo ff
BLC, SIN >S2dB. Mirror on/off. Gain onloff, auto electronic shuner 1160 to 11
120.000 sec., Alum. housing, duol1/4x20 mtg. Specs: 112' CCD, 7681HI X 494M .
with 380K pixels, 12VDC±lV@2oomA, S·V1DEOon 4pin DINconnedor. Std.
videa out on BNC.Size: Slmm x Slmm xllSmm long. Regulated power supply
incl.All functions externallycontralled. C-mount lens not included. We have the
best price available far the 12V1E-EXCAMERA. VERY LIMITEDQUANTITY
AVAILABLE. DON'TBE LEFT OUT, THISISTHEREAL DEAL!
GMV-EX6K...$529 Super. 6mm, 11.2 M a nu ol lris Len s...$69

"BUDGET ASTRONOMICAL " PERFORMANCE, 600 Lines
Resolution . NEW! 0.0001 Lux, Black & White, NIGHT
VISION CAMERA ! State of the Art Videa, Our GMV-6K. Takesthe Prize.
For covert, military& scientiflc applications, this is it. UnbelievableO.OoolLux @
10.8 performanceis enhanced throughlow speedelectranic shunering, digital

frame integration and advanced
DSP. Did we mention 600Line
resolution?Auto sensitivitymode
storts as it becomes dark. 24 hour
surveillanceis possible with the
optionalfl .2 auto iris lensshown

below. SevenGoin/Shutter modes are
userselectable. Normal, X4, X8, X16, X24, X32,

X64 X128. Theseprovide frame ratesof 60, IS, 8, 4, 3,
2,1and O.Sper second. Autolo ff BLC, SIN >S2dB, Mirror ani

off, Gain onloff , auto electronicshutter1/60 to 11120,000 sec.,Alum.
housing, dual1/4x20 mtg. Specs: 112" CCD, 7681HI X 4941V1, with 380Kpixels,
12VDC ±lV @200mA, S-VIDEOvia 4 pin DIN. Std. NTSC videa out on BNC.Size:
Sl mm x Slmm xll Smm long. Regulated power supply incl. All functions
externally controlled. Lensnot included.
GMV-6K...$44gea. Super auto i r is lens. 12m m, 11.4 ..$129

NEW! 0.005 Lux, COLOR NIGHT VISION CAMERA !
UNBELIEVABLE LOW LIGHT PERFORMANCE.
State of the Art Video, Exclusive ON SCREEN, menu driven
setup of all camera parameters! Far covert, military & scientific
applications that must be color, this is it. Unbelievable O.OOSLux @fl .2
performance is enhanced through low speed electronic shutterinq, digital
frame integration and advanced DSP. Auto sensitivity mode starts as it
becomes dark. 24 hour surveillance is possible with the optional fl .2 auto
iris lens shown below. Seven Gain/Shutter modes ore user selectable.

Narmal, X4, X8, X16, X24, X32,
X64 X128 These provide frame
rates of 60, IS, 8, 4, 3, 2,1and O.S
per second. Auto/Man. white
balance 3200'to 10000' K, autol
man BLC, SIN >S2dB,Mirror ani

off. Gain on/off, auto electronic
shutter1/60 to 1/120,000 sec., Alum.

housing, dual1 /4 x20 mtg. Specs: 112' CCD, 7681HI
X 4941V1. with 380K pixels, 470 Lines, 12VDC±lV@200mA,

S-VIDEO out via 4 pin DINconnector. Std. NTSC video out on BNC.
Size: Slmm x 51mmxll Smm long. Regulated power adapter included. All
functions can be externally controlled. c-mountlen s not included.
GMV-3K-OSD.... ..$44gea. Auto Iris lens. 12mm.I1 .4 .... $129
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• Tiny .95" Square
• 86 Degree FO'y'

• 240 Line Res. 0.5 Lux
• Latest Gen CMOS Imager

• Auto Shutter. Gain . Backli ght
• Low Smear & Bloom ing Suppre ssion
• Draws OnIy 20 rnA At 12Vol ts DC
• Plug And Play Cables
• I Year Warranty And 30 Day MBG
PC166XS BIW Video Camera ..... $19 .95

• Built -in preamp for low noise . high
gain and auto level adjustment by the
on-board IC ~

• The weight is under 1/2 ounce (~. .._
• Output is line level "iii
• Runs on 6-15 volts DC at 20 rnA ·· ··
• Comes with 6 ft. power/audi o

cables and a 30 day MBG
PA3 Micro Audio System ......... $12.95

0.0003 LUX! SEES IN VIRTUAL DARKNESS!
New superpinhole lens makes covert
installations easy!
Supertough metalhousings-- the style
preferred by police departments for tough
undercover ops!

Here's a t iny I " square camera featuring • 1/3" Sony Ex-view Chipset
Sony's incred ible new Ex-View CCD • 420 Lines of Resolution
chipset. Low light abil it y is a phenomenal • 0.0003 Low Light Rating
0.0003 lux! This camera sees in vi rt ual • 12Volts DC, 100mA
darkness. Resolution is a razor sharp 420 • 3.6mm Micro Lens. PC180XS
li nes. Built-in 1/60-1/100.000 second • 3.7mm Pinho le Lens. PC180XP
electronic shu tt er ensures great video in • 4.3mm Super Pinhole Lens. PCI80XP2
any lighting condit ion. • 30 Day MBG/I Year Warrant y
PCI80XS Ex-view BIW Microvideo Camera $ 119.95
PCI80XP Ex-view BIW Microvideo Camera $ 109.95
PC180XP2 Ex-view BIW Mlcrovldeo Camera $119.95

960 HOUR TIME LAPSE VCR·· ONLY $299.95
This security VCR

lets you record up
to 960 hours on

a T-160 videotape
--That's a whole

month!

Incredible tiny I~'II~
size- weighs
less than an

ounce!

• Size is a amazing .88" X .57" X .92"
• Latest 1/4" BIW CMOS imager
• Transmitt ing frequency is 900MHz
• Range is up to 750 feet
• Runs on 9 volts at 75 rnA
• I year warranty/30 day MBG
AVX900-S4 Wireless Camera $249.95

• Selectable Modes 2 Hour s Through 960 Hours
• Easy-To-Use On Screen Program ming
• Alarm. Panic. Repeat and Timer Opt ions
• Diamond Like Carbon Coated Head For Super Durabili ty
• 24 Hour Real Time Recording Mode
• Endless Loop Record ing--Set It And Forget It
Com es witheasy connection instructionsanda one year manufact urers warranty.
VCR960-5 960 Hour Time Lapse VCR $299.95

WIRELESS VIDEO
700 Foot Range.

Under $110!

SHATTER PROOF"l!~IIfIli.....a:>.....
DOME CAMERAS

• Overhead Locati on Gives A
Commanding View Of Off ices.
Warehouses & Retail Stores

• Pinhole Camera Mo unt ed In Base
At Angle For View Over Large Area

• 3.6MM Microl ens With 80 Degree FOV
• Color Lux Is 1.5. BIW Is 0.5 Lux
• Color Res Is 380 Line s. BIW 410 Line s J
• I Year Warranty And 30 Day MBG ~ ~~

PC-158 BIW Sprinkler Camera $199.95
PC-159 Color Sprinkler Camera $349.95

• FCC Part 15 Approved
• Transmi ts Video And Audio
• Transmitter Is 2.5" x 3.2" x .65"
• Four Channe l Operation
• Both Units Operate With The

Included 12Volt Power Supplies
• I year warranty/30 day MBG

• Survives Extreme Impacts
• 4" Dom e With 420 Line. 0.1

lux BIW or 330 Line . 1.0 lux Color
• Tough Metal Base & Shatterproof Dome--

Perfect For Vandal & Damage Prone Areas
• Plug & Play Cables
• 12 Vo lts. 130 rnA. 180mA with IR
• I Year Warranty130 Day MBG

MD6 BIW Shatterproof Dome Cam $99.95
CD6 Color Shatterproof Dome Cam $ 194.95



WIRELESS COVERT VIDEO CAMERA SYSTEMS ...
Great for homes, offices, warehouses & factories! -

These high qual ity wireless covert video cameras give you the
range and performance of 2.4 gigahertz FM video transmission.
A high quality pinh ole camera prov ides excell ent video in a nearly
undetectable concealmen t. Range is up to 300 feet with the
included receiver. Low cost. long range. FM synthesized
performance and a wide range of concealment options combine to
make these among the best covert video values in the industry.
Available in both color and monochrome versions. They give you
the peace of mind of knowin g what happens while you are away.
Comes with easy connection instructions. matching 2.4 GHz receiver. 90 day
warranty ( I year for briefcase), and 30 day MBG. Lens not included.

CVl6-V Wireless Covert Wall Clock Camera $269.95
CVl7-V Wireless Color Covert Wall Clock Camera $36 9.95
CVL8-V Wireless Smoke Detector Camera $249.95
CVl9-V Wireless Color Smoke Detector Camera $349.95
CVl28-V Wireless Covert Pencil Sharpener Camera $269 .95
CVL29-V Wireless Color Covert Pencil Sharpener Camera $369.95
CVl30 Wireless Covert Briefcase Camera $43 9.95
CVl31 Wireless Color Briefcase Camera $63 9.95

4 CAMERA BJW VIDEO
SECURITY SYSTEM

Gives You Complete "=::!I..!:::::!!.=:==~::::=~~_~~iI.==~~";::~iIL:==::'::=--=~-=:'

Surveillance and
Protection For

Under $500!

•
• View all 4 cameras on one screen ~~"i~.•~.•J.1l
• Professional qua lity equ ipm ent . l':":\.
• Custom lenses and cable lengths

to fit your insta llatio n
• 2 year warranty on cameras and quad
• Lifetime free technical supp ort
Comes with 4 ofourPC-152C video cameras and lenses ,
a realtime quad processor, a high resolution 12" monitor.
and much more.
VSSI -HG 4 Cam B&W Video S stem ... $49 9.95

SUPER LOW LIGHT CAMERAS
Announcing a
breakthrough camera
that virtually sees
in the dark!
Because of the PC- I64Cs incredibl e low light abili ti es it has been
widely used in amateur astronomy. The super low 0.0003 lux

Actual PC-I64C rating means that it can see objects at least two magnitudes
images ofSaturn fainter than the super sensitive 0.04 lux PC-23C. In addition. a

andJupiter's moon number of deep skyobjects can now be observed in real time with
shot through a moderate to large aperture scopes. This new camera has quickly

telescope by lames been embraced by amateurs. particu larly those doing planetary.
Ferreira of Livermore. lunar. and asteroid imaging. Resolut ion is an excellent 420 lines

California . and color has 350 lines of resolut ion.
Comes with easy connection instructions. I year warranty. and 30 day MBG. Lens not included.
PCI64C BIW Ex-View Camera $129.95
PCI65C Color Ex-View Camera $229.95

$49.95 Complete!
Our Lowest Priced

Wireless Ever!

2.4 GHZ VIDEO/AUDIO
TRANSMITTER SYSTEM
• Only 2.5" Wide X 1.6" High X 4"
• 2.4 GHz Transmits Up To 300 Feet Line Of Sight
• FCC Part 15Approved For License Free Operation
• 3 Channel With Auto Switching Capabil ity
• Standard Video And Audio Inputs/Outputs
• 12 Volt s DC With Included AC Adapters
• I Year Warranty & 30 Day Sati sfaction Guarantee

MV1I9 2.4 GHz TX/RX System $49.95

UNDERWATER VIDEO CAMERA SYSTEM
Waterproof See underwater up to

carrying case 25 feet in total darkness!
has ~uilt-i n Built-in monitor and batteries!
momtor and

batteries. P

~': ~ -:~ ...itt·~J!· ~;-

'5-=;""::'. .:

....
• 10-14 Volts DC Power
• Lens Not Included

• 0.5 Low Lux Proformanee • 30 Day MBG
• C/CS Lens Compatable • 2 Year Warranty
Comes with easy connection instructions. Lens notincluded.
PC-I52C C-Mount BIW 12 Volt Video Camera ... $49 .95

Dronedesign makes
underwater maneuvering easy.
Overall length is 21.5 inches.

Thi s new underwater camera system is perfect for
spo rt fishing . search and rescue. treasure hunt ing .
marin e research and recreat ional viewing. The
PC134UW-l is a comple te system. inclu ding a
portable 5" monochrome TV. The system incl udes
camera, monitor. monitor viewing hood . 11 0 volt
AC adapter. 12volt adapt er. Y-power cable. 150
foot mult i-core braided cable with stai nless steel
shield. Teflon sheath ing . and a • 420 Lin es of Resolu ti on
waterproof carrying case. Also comes • Portable 5" Monochrom e TV
with all necessary connectors for • 150 Foot of Mu lti-Core Cable
powering system from internal monitor . Rated to 400 Foot Depth
batteries. 12volt external battery or • 85° Field of View
boat power, or 110volt AC power. • Operati on Temperatu re of _4°
Comes with instructions . 150 foot steel mesh to 122°F
video/power cables . outdoor viewingshade. • 6 Month Warranty
rechargeable batteries, charger. andcase. • 30 Day MBG
PCI34UW-1 Underwater Mlcrovldeo Camera $43 9.95

•• • ••• ••
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Unit
Under
Test

resistance element.
The static design, Figure 1, uses

three bipolar transistors wired in par­
allel. The base of the transistors is
driven by a current source that's con­
trolled by the 1k potentiometer,
which sets the load current as moni­
tored by the 30-amp panel meter
(catalog PMD-30A, All Electronics,
800-826-5432; www.allelectron
ics.com).

Maximum current of this circuit is
25 amps.

The dynamic tester, Figure 2,
uses a MOSFET operating as a con­
stant-current source. The MOSFET is
controlled by an LT1575 linear volt­
age regulator. In a typical voltage reg­
ulator design, a capacitor is hooked
between the source of the transistor
and ground. Using a feedback loop,
the LT1575 maintains a constant volt­
age across the capacitor by turning
the MOSFET on and off as needed.
By replacing the capacitor with a
fixed resistor (.08 ohms, in our case) ,
the circuit becomes a current regula­
tor.

Again , the LT1575 uses feedback
to maintain a constant voltage across
the resistor, which translates into a
constant current. The current is con­

trolled by an offset
voltage which is sup­
plied by the
78L05/LM336 combi­
nation. Calibrate the
LM336 using the 10k
pot for a value of 2.6
volts . The 1k pot now
controls the load cur­
rent: 0 volts is 30
amps and 2.4 volts is
zero amps. You can
monitor the current
us ing a voltmeter

0-30A

R. Goff
via Internet
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Figure I
+ I 2V .----1t------it----{

Current )+---.o-----"VV'~-+-H
Adjust Ik

Electronic Loads

~"". I'm working with 36-volt battery
"{chargers, and would like to test
them out with some kind of variable
load . I've tried old batteries, light
bulbs, and resistors, but I want some­
thing more high-tech with variable
control of the charging current, like
maybe a transistor. It seems that
power pass transistors should be
capable of handling a load of 15 to 25
amps. Now throw in a potentiometer
to vary that load, and that's what I
have in mind. This design would also
be useful for testing power supplies.
Any suggestions?

A. What you are describing is
called an electronic load. There

are two types: static and dynamic. In
the static version, the load "resist­
ance" is fixed, and the current is
allowed to seek its own level accord­
ing to Ohm's Law. A dynamic elec­
tronic load, on the other hand, sets
the load at a constant current by
varying the load resistance in
response to varying load voltage.
Both designs use a transistor for the

What's Up:

Battery power, load, and

monitoring.The LM386

explained, an IC fix, and a

true current-limiting

power supply. Finally, a

Geiger Counter built

around an NE2 neon

In th is colum n, I answer ques­
tions about all aspects of

electronics, including comput­
er hardware, software, cir­
cuits, electronic theory, trou­

bleshooting, and anything else
of interest to the hobbyist.

Feel free to participate
w ith your questions, as well
as comments and sugges­
tions.

You can reach me at:
TJBYERS@aol.com.
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• Motors I '
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• Semiconductors
• Robot Items
• Kits
• Tools
• Unique Items
• Solar Items
• PDF Catalog
• Web Specials/Sales
I}Jj])£iUW (f1FJ}Jj]J Mffg;

a~
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Second Source Replacments

for~

~
• Custom Screening
• Die, SMT, Thru-Hole

~
Full Ser vi ce U,S, Manufactu rer
of Spec ialty linear Produ ct ,

4042 Clipper Caurt
Fremont, CA94538
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WWW.LINEARSYSTEMS.COM
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3W
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106

using an LM317, to the voltage regulator.
My question is: Can a pass transistor be
added to the current regulator to increase
its cu rrent handling capacity in the same
way one was added to the voltage regula­
tor section? Or is there a better way to
increase both and, at the same time, keep
it a simple circuit?

A. J.Anzevino
Wappingers Falls, NY

. The circu it you sent is exactly as you
described - a voltage regulator fol­

lowed by a current regulator.
Unfortunately, it won't do as you expect.
The last stage is a current regulator, which
means it will attempt to ma intain the set
cu rren t flow regardless of which voltage
you set the LM317 at. For example, if you
set the regulated voltage at five volts and
the regulated current at one amp, one amp
will flow through the load . Now if you
increase the voltage regulator to 12 volts,
the load will still see one amp, because the
current regulator says so .

What you really want is a voltage reg­
ulator with adjustable current limiting . In
this scenario, you ma intain a constant volt­
age until the current reaches a threshold
limit (that you set) , after which the voltage
drops off to prevent further current
increase. Such a circuit is shown in Figure 3.

FB 1-4.:....----.

LTI575

Adjust
to 2.6V

....,...---lK
10k

....----..._---..:S::; CO MP
GATE f-O"---".o'V'.....-----'

240

220
P'r IOI

- - - -- - - -

+12V

Current Limitations

across the .OS-ohm resistor using the for­
mula I = 1.24E, or you can measure the
current directly using the panel meter
mentioned above.

Last , but certainly not least, the tra n­
sistors MUST be very heavily heat-sinked.
You see, the energy you are expending on
the test is converted to heat - heat that
would quick ly melt the transistor(s ) and
anything around it.

Let's say you are testing 36 volts at 20
amps, that works out to be 720 watts of
powe r - enough energy to run a toaster!
(Lightly browned with butter, please.) Well,
that hea t has to be dissipated. As a rule,
this requires forced air (or liquid cooling, in
extreme cases). Before you start sending
those cards and letters , I'm awa re of the
ratings of the transistors recommended,
but they are rated using conventional con­
vection cooling methods. Which means
you need to use extra co oling measures ­
like forced air - or lower your current
expectations.

~"". Here is a schematic that shows how
"(ro increase the ou tput current of an
LM317 voltage regul ator by adding a pass
transistor. The circu it also adds (my addi­
tion ) an adjustable current regulator, again

I Electronics Q&A
•

Figure 2

Current Ad j
I k OV = 30A

2.4V = OA

ELECTRa'lC
(jOLDAI/HE

C ir cl e #70 on th~e~R/~s~c~ar~d~. ~~--J
21



Electronics Q&A .

10uF
+

+

I'OUF

240

LM741

330k

220

Voltage
Ad just

Current
Adjust

-6V

Mr. Resistor
Fort Lauderdale, FL

• In all cases? Sou nds like a
design failure, like perhaps the

pa rt was stressed beyond its limits ­
or you happene d to be unlucky
enough to acqui re a batch of bad
chips . Whichever, you a re in luck in

rep lacement parts is next to impossi­
ble. In all cases, the failure is that
pins 13, 14, an d 15 are shorted.
What I'd like to do is cut off these
pins and repl ace them with a n
appropriate discrete device. Is this
possible?

1Tf- ---it-------+----+-.......-o 1.2V- 30V
O-SA

+6V

QI
TIP 125.----..... /"- - - - .......-----.-.---,

-6V

......------+-----1~-___i +6V

6.2V 10uF

2S0k 0.2 ohms
SW

shown in Figure 4 under the head­
ings of Steady Glow and Blinking.
Okay, let's say your heart is set on
using a transistor so lution (becau se
you want a single se nse line) , then
use th e configurat ion on the right
(Transistor Version ).

. I have a number of systems
that uses a UN 101 integrated

circu it, with the following pinout
(Figue r 5). Unfortunately, several of
them are defective, and finding

Repair An let
Sometimes, Yes.

Fuse Monitor

In th is circu it, the Q l pass tran­
sistor increases the output current
from 1.5 amps to 5 amps, as your
design did. But that's the only thing
that remains the same. Unlike your
design, the cu rren t is allowed to fol­
low the voltage, which is set by the
Voltage Adjust pot - up to a poin t.
That po int is set by the Current
Adjust pot. If the output current
exceeds you r current limit, the volt­
age drops accordingly. This is unlike
a fuse or circuit breaker, which dis­
connects the load . The voltage sim­
ply tapers to zero volts as the con­
stant-current function kicks in. As
the load lightens, the voltage will pro­
portionally return.

The difference between your
approach and this one is the inclu­
sion of an op-arnp. The op-arnp is
operated in an open-loop feedback
path. As long as the voltage across
the O.2-ohm current sensing resistor
remains below th e level set by the
Curren t Adjust pot, the op-arnp is
out of the loop . But let that voltage
exceed your preset level, and the op­
amp starts to adjust the output volt­
age of the LM317 by forcing its COM
pin to ground. When this happens,
the LED will light, indicating an over­
cu rrent condition. So rry, but th is is
as simple as I can make it. I'm open
to other solutions from our readers .

Ik

Figure 3

Figure 4

Ik

Transistor
Version

Aut o
Fuse

I k

+12V

To Load

+12V

r
To Load

Blinking

Auto
Fuse

Ik

I'LED

r
To Load

+12V

Steady
Glow

Auto Fuse

~"". It is my understanding that
'-l!:ransistors are like NO relays in
that a small current on one side will
allow a large current on the other.
Are there any transistors that can act
as an NC relay so that the absence
of current will allow a cu rrent on the
other? I want a tra nsistor and LED to
let me know when I blow a fuse in
my car (the lac k of voltage after the
fuse will indicate a blown fuse and
will light the LED) .

Adam Huber
via Internet

• If a ll you want is to indicate a
blown fuse in you r car using an

LED, I have something simpler,
1--- -+- -
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Figure 5

Figure 6

UN 101

VN2106

120f@l7V

112.~ I

16 15 14 13

something a MOSFET transistor does
qu ite well. For it to work , though, the gate
voltage must be at least 2.5 volts higher
than the source voltage.

BTW, while researching this answer I
happened to run across an interesting
device from Texas Instruments: A single
bilateral analog switch with a switching
speed of 200 MHz (the 4066 has a switch­
ing speed of 6 MHz) that's suitable for use
in high-frequency desi gns.

LM 386 Unveiled

l'. I just received the Dec. 2002 issue,
"'-and on page 25 there's a diagram for
an Audio Power Oscillator I'd like to build.
But I don't know if I sh ould connect the
LM386's gain pin with the bypass pin. In
fact , I've seen other LM386 designs where
sometimes the pins are connected and
other times not connected. I'm getting con­
fused about connecting the LM386. Can
you please describe LM386 pin-for-pin con­
nections within this diagram?

Marcel
via Int ernet

PICmicro MCU
Development Tools

EPIC Plus
PICm icro MCU
Prog ramme r

$59.95
Assembl ed

EPIC Bundle with
cebe. ACadapter . and
40-pin ZIF - $99.95

BASIC Compilers
for PICmicro MCUs
PicBas ic Compiler - $99.95

PicBasic Pro Compiler - $249.95

LAB-X Experimenter Boards
Pre-assembled

hardware for testing
and development.

selection from
$8.95 to $19.95

lIliCToG!ingintmitg'~ @nc.=Phone : (719) 520-5323 iii
~ Fax: (719) 520-1867 ~

Bo x 60039, Colorado Springs, CO 80960

Complete product infolll13tionand online
ordering at: www.melabs.com

Circle #70 on t he RIS Card.

that you can replace the defe ct ive section
with a VN2106 MOSFET. Here is the fix
(Figure 6) , with your voltages included.

I was able to do this because you sent
enough of the schematic for me to deci­
pher the part's function . Basically, the UN
101 is a hex bilateral analog switch identi­
cal in operation and pe rformance to the
4066 quad bilateral analog switch - effec­
tively a solid-state SPST relay. In your
application, these "relays" are used to
switch a 12-volt source to selected circuits ,

• ('II do you one better. I'll describe in
detail each pin of the LM386 .

Normally I wouldn't do this, but I use this
ch ip so often - as do many others - that
it merits looking at. I'd keep a clip of this
answer and tape it to my workshop wall so
that the next time a question arises , the
answer will be in front of you. First, the
over view. (Figure 7)

The LM386 is a power amplifier
designed for use in low-voltage applica­
tions . The gain is internally set to 20 . That
is, with no other pins involved, you have a
very simple 20x audio power amplifier with
about a 1/2W output. This involves just the
pins of 2, 3, and 5 (of course, you need

Richard Brohmer
Warsaw,MN

Jerry Kienitz
Camarillo,CA

Congratulations
to our December

Prize Winners:
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NITEMAX ULTRA
DIGITAL NIGHT
VISION VIEWER

N iteMax Ultra Digital Night
Vision Viewer turns night

into day. Utilizing state-of-the-a rt
technology, the NiteMax can dig­
itally produce a brigh t and clear
high-resolution pic ture in the
darkest environments. NiteMax
provides all these high-qua lity
features at an affordable cost of
$595.00. For more info, co ntact:

AMERICAN INNOVATIONS
1-845-371-3333

www.spysite.com

Amplifier with Gain =200Amplifier withGain =50Amplifier with Gain =20
Minimum Parts

v,

Figure 7
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pins 4 and 6 to power the chip) . That
all by itself makes it a staple in any
experimenter's junk box . Those extra
pins you ask about? Well, that's what
makes the LM386 special.

Let's talk about the gain first.
Buried deep inside the LM386 is a
1.35k feedback res istor that's con­
nected between pins 1 and 8. Refer
to Fig. LM386.TK. If a capacitor is
placed across pins 1 and 8, it shunts
the 1.35k resistor and increases the
ga in from 20 to 200. If you place a
resistor in series with that capacitor,
the ga in falls somewhere between 20
and 200, depending on the value of
the resistor. Typically, a series resis­
tor of 1.2k will result in a gain of 50.

Additional components can be
placed between pins 1 and 5 (out­
put) to tailor the gain and frequency
response for individual applications.
For example, you can boost speaker
bass response by shaping the feed­
back path using resistors and capac­
itors .

Speaking of the output pin , you
should hang a 10-ohmf.05uF, resis­
tor /capacitor combination from the
output (pin 5) to ground to prevent
parasitic oscillation. While it's not
required , it's generally considered
good engineering practice. As for pin
7, it too is available only to squelch
parasitic oscillations. In other words ,
if you have an unstable circ uit, plac­
ing a .01 uF capacitor between pin 7
and ground may tame it - no guar­
antee.

Cool Web SitesI
The Nanotube Site: A page of links to

nanotube information, research effort s,

events, jobs in nanotube technology, and

more .

www.pa.msu.edu/cmp/csc/na
notube.html

Ever wondered what all t hose different

Ethernet fl avors mean? Webopedia's

quick reference chart helps you sort

them all out. Find out here.

www.webopedia.com/quick_r
ef/EthernetDesignations.asp
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MyVCRAte My
Homework, Reallyl

"",. My VCR "ate" my son's most
"(prized tape. The crinkle is at the
beginning, just after the clear leader.
I'm sure I can repair it by cutting off
the damaged tape and re-attaching it
to the leader. However, a search of
the Internet for a supplier of video
splices found nothing but people
who are willing to do it for a fee, but
no supply companies. Can you he lp?

John Fitzgerald
via Internet

A.In your case, yes . In fact , in
most cases the answer is yes to

repairing a broken VCR or Beta tape.
If the plastic cassette was broken
from being dropped, the tape can be
transferred into a new housing. If the
tape itself was damaged or broken,
the tape can usually be saved us ing
a splice, or patch.

However, there are mixed op in­
ions about tape splicing. One camp
says that putting a patch over the
tape ends to mend the break is okay
and permanent. Others, however ,
contend that unless the splice is
located at the very beginning or end
of a tape where it attaches to the
clear leader, the patch is just a
"Band-Aid" fix. If the splice is any­
where in the middle of the tape, the
fix should be considered strictly tem­
porary and the tape should be imme­
diately duplicated. The reasoning
here is that the splice is made with
an adhesive splicing tape and adhe­
sives , by nature, will fail in one way
or another over time and use. When
the splice passes ove r the video
heads, which are spinning at a very
high speed, a splice that is starting to
separate will usually destroy the frag­
ile , and very expensive, video heads.
Of course, you need to decide. As for
companies that supply splicing sup­
plies , here are a few.

Family Safe Media
www.familysafemedia.com/
home_movie_editor.html

TAC
www.bgsales.com/video/s plice.asp

TekMedia
www.rt ico.com/tekmedia/ I_3.html

Crossing
Over The Line

"",. Can you suggest a good book
'(for designing active and passive
crossovers? I've looked on Amazon,
but the reviews for each are mixed.

AI Lovecky
via Internet

• I couldn't find a definitive book
on the subject. The closest I

could come was Introduction To
Loudspeaker Design by John L.
Murphy. However, I did run across
so me ver y good articles , most
notably a two-part series , "An
Ove rview of Crossovers" located at
www.trueaudio.com/st_mrl.htm.
written by John Murphy and Jim
Ford that was originally published in
Modern Recording [,. Music maga­
zine , August 1980.

The article details virtually every
aspect of designing and implement­
ing passive crossovers. Although the
article is targeted at the audiophile,
specifically for speaker design , the
information is applicable to most
electronic designs.

Located on the LaLena web site
(www.lalena.com/audio/faq/xov
erf) is a detailed discussion and
example of how to design a three­
way crossover system. The site also
includes a free crossover calculator
that does the math for you for a wide
range of filter types, ranging from
first order Butterworth to fourth order
Bessel to sixth order Linkwitz-Riley,
and ever yth ing in between. Another
good web site with a simila r free cal­
culator is at www.the12volt.com
/ caraudlo/cross.asp.

An excellent treatment on active
filters ca n be found in Don
Lancaster's book A ctive Filter
Cookbook, which is in its sixth print­
ing and is available from
Amazon.com, or Simplified Design
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Editor's Choice

Dear TJ:
It's good to see CP/M mentioned.

Just for the record, please note that
CP/ M was written by Gary Kildall
(AKA, Digita l Resea rch) for the Intel
8080 , not the Zilog Z80. It would run
on a Z80, of course. I rewrote both the
kerne l and the shell of CP/M 2.2 and
my version, called RP/M, also ran on
eithe r an 8080 or a Z80. My brother
Jim wrote a Z80 emulation package for
the IBM PC and we ported RP/M to the
PC using his Z80 emulator. By the time
we got to market, though, DOS had
pretty well taken over and so it all kind
of faded away.

If Orio Hudson is interested, I
cou ld send him a 360K IBM floppy that
will boot ZR/PM on a Pc. It includes

most of the utilities that a CP/M user
expects to find. Anyhow, them was the
days!

Jack Dennon
jdennon@seasurf.com

Dear TJ :
I finally downloaded Musicmatch

and thought we were ready to put our
old LPs on CD. MusicMatch is a great
program, but the free download version
does not give you the ability to record
from outside sources. You have to buy
the Plus version. However, at $20.00, it
is a bargain . My brother-in-law has it
and he is very happy with it. My wife
and I will be ordering it today. You
might want to mention the Plus version
as a P.S. to the November column.

Tom Grabowski
via Internet

0.1

RI
220k

dard wall outlet. As with all circuits
that connect directly to the AC line,
there is the risk of electric shock. I've
modified this circuit slightly to make
it safer and more po rtable by convert­
ing it to battery power.

The power source is simply 10,
nine-volt batteries wired in series, and
stabilized by a zener diode (NTE
5049A, or equivalent) . Set the poten­
tiometer so that the voltage across
the lamp is at the ignition threshold ­
that is, just below the point where the
lamp lights . When a rad ioactive parti ­
cle passes through the lamp, the gas
ionizes and current flows. The value
of R1 is selected so that it won 't sus­
tain conductance, so the lamp
returns to its inactive state. Each time
the lamp fires , current also flows
through the speaker and produces a
clicking sound.

(see text)

lOOk

91V

1/2W

10k

n these trying times of increased
world tension, the possibility of a

nuclear incident is more than a pass­
ing concern for many. So much so
that about a yea r ago I answered a
reader's letter de scribing a cheap
Geiger Counter us ing a $30.00 Miller
tube . So I was really de lighted when I
ran ac ross this "Ideas for Des ign" in a
recent iss ue of Electronics Design
magazine, which replaces the Miller
tube with a cheap neon glow lamp.
[The contributor passed along the
idea from his Ger man-written book
about ex periments with radiation
sources, Experimente mit
Strahlenque llen in Haushalt
(www.peterlay.de) .]

Unfortuna tely, the origina l design
had the monitor plugged into a stan-

Press To Test
-.L

~
T 9V

I
I
I
I

J.± VIO
- 9V

of Filter Circuits available from the
Nuts [,. Volts On-Line Store
(www.nutsvolts .com).

~,",. Regarding the Oct. 2002 col­
,,"-umn about the Solar Powered
regulator, you used an LF355 op­
amp. I located one of these at Digi­
Key, but it is listed as obsolete. Is it
possible to substitute an LM741 (or
some other more current Ie) for this
circuit, or is there some obscure rea­
son that the LF355 JFET is more
desirable. Also I assume that a
1N4735 zener can be substituted for
the 1N753 since both are rated at 6.2
volts . When you get a chance, I would
appreciate your comments.

Jack Mickelson
via Internet

Keeping Up
With The Times

• No, use an LF356 instead; it has
basically replaced the LM355.

Another replacement for the LF355 is
one-half an LF353. Essentially, this
design requires a high-impedance
input with little drift. In my defense,
let me say that 500 semiconductors
become obsolete ever yda y, and a
matching number are announced as
new products. It's kinda like keeping
up with a kid on a fast skateboard. I
do my best, but often my hands are
tied because most hobbyists prefer
DIP footprints over the newe r SO­
types. Hence, I specify older parts still
in production (and I do check for
availability). You'll notice , though,
that I'm us ing more and more SO-23
footprints and their cousins in my
answers. That's the trend, and I would
be delinquent in my duties not to
address it.

I'm not sure about the zener
diode substitute . The 1N753 is rated
at 20mA and the 1N4735 is rated at
41 mAo One of the reasons I picked a
6.2-volt zener is that they a re
extremely stable when operated in
thei r range. Replacing a O.5W zene r
with a 1W zener may make the
design more temperature-sensitive
given the current I specified.
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by Ed Driscoll,Jr.

Micro Memories
The Spark That Ignited a Revolution: The Altair 8800

I 'll never forget the day I
saw my first personal
computer. I was about

10 years old, attending a
small New Jersey school,
when I walked into the class­
room where it was kept. It
was an Altair8800, which my
school had acquired in 1976.
Seeing that machine for the
first time, it was a bit like all
of my dreams from watching
Star Trek and Hal from 2001: A Space
Odyssey had come true.

The Altair - as it was initially
sold - was little more than an
incredibly difficult to assemble com­
puter kit - basically a computer
case with some circuit boards and a
processor. It also initially had next
to nothing in the way of peripherals.
Unlike today's PCs, not even a key­
board was bundled with it. And a
mouse? Fogetaboutit, as they say
back in New Jersey. So my school's
Altair was hooked up to a converted
Western Union teletypewriter, which
was being used as its keyboard and
print-out device. The monitor - a
converted television set - would
come a little later. Programs were
entered in and saved to paper tape,
which the machine punched, a bit
like a player piano.

While there had been one or
two personal computer kits that had
sold in small quantities , the Altair
was the first to be manufactured in
what then seemed like large num­
bers - about 10,000 were ultimate­
ly sold . It was powered by an Intel
8080 processor, and shipped with
256 bytes of RAM (that's bytes, not
kilobytes). But we're getting ahead
of ourselves. By early 1974, Ed
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Roberts was an Albuquerque, NM
businessman with a venture he
dubbed Micro Instrumentation and
Telemetry Systems, or MITS for
short. It was hardly the roll-off-your­
tongue business name that would
later distinguish such personal com­
puter heavyweights as Apple,
Commodore, and Dell, and in the
classic marketing book,
Positioning by AI Ries and Jack
Trout, the authors argued that the
combination of both poor business
and product names contributed to
the eventual death for the Altair ­
once a company whose products
had a friendlier (not to mention
catchier) name came along. (In
other words: Apple.)

The Magazine Cover
That Launched an
Industry

At the time , Roberts' company
- which had made its money selling
electronic kits and pocket calcula­
tors - was a quarter million dollars
in debt. But Roberts was fortunate
to have the ear of Les Soloman, the
technical editor of Popular
Electronics magazine. At the time,
using a computer meant timeshar-

ing a mainframe , and
Soloman knew there was
intense interest among elec­
tronic hobbyists in building
a small personal computer,
one that could be used any­
time, rather than waiting in
line. By 1974, Soloman was
receiving a regular supply
of plans, diagrams, and arti­
cles on the subject of how to
build a personal computer,

but he worried that most of the
plans weren't up to snuff. He con­
tacted Roberts , whom he had
known from previous articles he
had submitted. Roberts suggested
designing a computer around the
then - brand-new Intel 8080 chip.
That chip was the key to the Altair
- and also a big part of its hype.
Intel normally sold its chip for
$360.00 each, a price that they cre­
ated to spoof IBM's 360 main­
frames , which sold for millions of
dollars each. But Roberts was able
to keep the final retail price of his
Altair kit at only slightly more than
the 8080 chip itself, by buying cos­
metically-damaged "seconds" in
quantity from Intel at $75.00 a chip.

The Trek Connection

The famous story of how the
Altair got its name is that Roberts
asked his young daughter for some
suggestions, and she came up with
the idea of naming it after a planet
the USS Enterprise was visiting on
Star Trek that week - Altair. (At the
risk of outing myself as a proto­
Trekkie, this was probably the
"Amok Time" episode, where Kirk
and crew were scheduled to visit
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sider the Imsai to be a muc h better des ign, given its high­
er specification power supply, an anod ized aluminum
chassis, and a more functi onal front panel design . All for
the same $439.00 as a kit, or $621.00 ass embled price
of the Altair, only slightly more than what the Altair ini­
tially cost. Upgraders could insert Imsai card s into an
Altair, and via Imsai 's "Memory Sharing Facility," an
Altair and Imsai processor could co-exist in the same
platform for parallel computing. The Altair's sales even­
tually topped 10,000.

While Altairs served on the front lines of personal
computer usage for the rest of the 1970s, their time was
gradually numbered . Roberts sold the MITS name to
Pertec, a manufacturer of tapes and disk drives for main­
frames. By then, the Apple II , the TRS-80, and other per­
sonal computers had entered the market and began to
cut drastically into the Altair's sales. Pertec eliminated
the model within a couple of years of their acquisition.
But the Altair had served its initial role well: the perso nal
computer revolution was set to go, and just needed a
sp ark . NV
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Enter Bill Gates and Paul Allen

Roberts ha d hoped his Altair kit would sell a couple
of hundred units, while he looked for other, more lucra­
tive projects. Little did he know that he'd be taking 200
phone orders a day for the computers, or that people
would actually drive out to Albuquerque and camp out
overnight waiting to pick up their kits . (Roberts sold
1,500 Altairs in its first yea r of sales. ) Or that he'd be
launching his eventual successor as king of the pe rsonal
computer world: Microsoft.

Roberts was painfully aware that his computer
lacked the software necessary to do anything useful.
Fortunately, help arrived in the mail , in the form of a let­
ter from two eq ua lly experienced veterans of 1970s com­
puting: Bill Gates and Paul Allen (Yes , that Bill Gates and
Paul Allen) . At the time of the Altair's announcement in
Popular Electronics, Paul Allen was a programmer
employed by Honeywell, where Gates had worked during
su mmers, and Bill Gates was a sophomore at Harvard. In
an eerie fores had owing of how the IBM PC came to have
a Microsoft operating system, Gates and Allen were in
the right place at the right time: the Altair desperately
needed a pre-written operating system to make it more
than just a plug-in doorstop, and Gates and Allen got
there first by modifying an existing operating system.
The BASIC lan guage was originally created in 1964 at
Dartmouth, and was used on numerous mainframes as
an easy-to-learn computer language, perfect for begin­
ners. Gates and Allen worked in marathon 24-hour ses­
sions to adopt the language to the peculiarities of the
Altair, and then licensed the result to MITS.

Soon thereafter, Allen accepted a position with MITS
as director of Software Development, where he stayed
until the end of 1976, when he and .Gates resumed their
nascent Micro-Soft business, complete with hyphen.

The Altair Begets a Clone

Just as the first IBM PC would eventually begat
numerous clones, the Altair had a clone of its own: the
Imsai 8080. Many users of both computers actually con-

Altair, but end up at Spock's
home planet, Vulcan. ) The
Altair name has some addi­
tional science fiction reso­
nance - it was also the
planet where Leslie Nielson

. and crew met Robby the
Robot in Forbidden Planet.
Robbie's capabilities would
run rings around the Altair
8800, but they'd pro ba bly
still find so me commo n kin­
ship.

27



Dealer Directory

STORE CHAINS 2000 Outlet Center Dr. LOUISIANA Rich's Cigar Store

Barnes & Noble
Ste, 150 Lakeside News 820 S.W .Adler 51.

Books-a-Million Oxnard 93030 3323 Sevem Ave. Portland 97205

Borders Books
1759 Colorado Blvd. Metairie 70002 Rich's Cigar Store #2

Frys Electronics
Pasadena9 I I06

Hastings
5 184Hollister Blvd. MICHIGAN 706 NW. 23rd

Tower Books, Records & Video
Santa Barbara 93I I I Little Professors Book Center Portland97210

Universal News
22174 Michigan Ave. TEXAS

OPAMP Technical Books Dearbom 48124

ALABAMA 1033 N. Sycamore Ave Purchase Radio Supply, Inc. Electronic Parts Outlet

Little Professor Book Center LosAngeles90038 327 E.Hoover Ave. 3753-BFondren Rd.

2717S. 18thSt Sawyers News, Inc. Ann Arbor 48104 Houston 77063

Birmingham 35209 733 4th 51. Spectrum Electronics, Inc. Mouser Electronics

ARIZONA
Santa Rosa 95404 1226Bridge51. N.W. 958 N. Main 51.

Elliott Electronic Supply
Say-On Electronics Grand Rapids49504 Mansfield 76063
I3225 Harbor Blvd. MINNESOTA Tanner Electronics

12515. TyndallAve. GardenGrove 92643
Tucson 85713 Video Electronics

Radio City, Inc. 1100Valwood Pkwy # 100

AUSTRALIA 3829 UniversityAve.
2633 County Road I Carrollton 75006
MoundsView 55I 12

DonTronics San Diego 92105 WASHINGTON
P.O. Box 595 CANADA MISSOURI A-B-C Communications, Inc.

29 Ellesmere Cres. Emma Marion Ltd.
Electronics Exchange 1754 1 15th Ave. N.E.

Tullamarine 3043 2677 E. Hastings St
8644 51. Charles Rock Rd. Seattle 98 155

WN'N.dontronics.com Vancouver. BC V5K IZ5
51. Louis 63114 Dimple's-SOS Union Gifts &

CALIFORNIA Muir Communications Ltd. NEVADA Sundries

Abletronics
321 4 Douglas 51. Amateur Electronic Supply 505 5th Ave. 5..Suite # 190

9 155 ArchibaldAve. Unit E
Victoria. BCV8Z 3K6 4640 Polaris Seattle 98104

Cucamonga 91730 COLORADO
Las Vegas89103 Eastside Daily Planet
Radio World

Centennial Electronics, Inc. 1656NevadaHwy.
15600N.E. 8th

All Electronics 2324 E. Bijou Boulder City 89005
Bellevue 98008

905 S. Vermont Ave. Colorado Springs 80909 Sandy 's Electronic Parts First & Pike News
Los Angeles 90006 CONNECTICUT 961Matley In. # I00 93 Pike 51.
14928 Oxnard St. Archway News Reno89502 Seattle 98 101
Van Nuys 9 14 11

64 Bank St. NEW YORK In The News

Builders Booksource
New Milford 06776 Duerston's Cigar Store

717Fourth Ave.

900 N. Point Ghirardelli Square FLORIDA 515 W. Genesee St Seattle 98 I04

San Francisco 94 I09 Alfa Electronic Supply Syracuse I 3204 Island Books

Centerfold International 6444 Pembroke Rd. Hirsch Sales Corporation 301478th 51.Island Square

7 16 N. Fairfax Ave. Miramar33023 219 Califomia Dr. Mercer Island 98040

Los Angeles 90046 Astro Too Williamsville 14221 J& S Broadway News

Copperfield's Books 6949 W . NasaBlvd. NORTH CAROUNA 7204 Broadway E.

140Kentucky 51. W est Melboume 32904 United Electronic Supply Seattle 98102

Petaluma94952 Clarks Out of Town News 920 Central Ave. J & S Fremont News

Electro Mavin 303 S. Andrews Ave. Charlotte 28204 34 16 FremontAve. N.

2985 E.Harcourt st. Fort lauderdale 33301 Seattle 98103
Rancho Dominguez 90221 Mike's Electronic OHIO King Street Kafe
Green Apple Books Distributing Co. Hosfelt Electronics, Inc.

506 Clement St. 100I NW . 52nd St 2700 Sunset Blvd. 4142nd Ave. S.

San Francisco 94118 Fort Lauderdale 33309 Steubenville 43952 Seattle 98104

HAWAII
Keyways, Inc. Newstand
204 S. 3rd St. I I I E. Magnolia

HSC Electronic Supply SolarWorks! Miamisburg45342 Bellingham 98225
4837 Amber In. 525 Lotus Blossom Ln.
Sacramento 95841 OceanView 96737 OKLAHOMA Port Book & News

3500 Ryderst. Taylor News & Books 104E. 1st51.

Santa Clara9505I IDAHO I 33W . Main. 5te. 102 Port Angeles 98362

5681 Redwood Dr. Boise Food Co-op Oklahoma City 73102 Supertronix
Rohnert Park94928 888 W. Fort 51. 16550W. Valley Hwy.

Boise 83702 OREGON
Current Source News & Smokes Seattle 98188

JK Electronics
454 N. Phillippi st. 1060 s.E. M st. U Bookstore-Downtown

6395 WestminsterAve.
Westminster92683

Boise 83706 GrantsPass 97526 1225Fourth Ave.

Lion Electronic Labs INDIANA
Seattle 98101

4948 E. Townsend Ave. Surplus Bargain Center
Norvac Electronics U Bookstore-Seattle

Fresno 93727 261I W. Michiganst.
7940 S.W. NimbusAve. Bldg. 8 74326 University Way N.E.
Beaverton 97005 Seattle 98105

Kepler's Indianapolis 46222 960 Conger WISCONSINiut 10I0 EI Camino Real

!!:i Menlo Park94025 ITALY Eugene 97402 Amateur Electronic
Robot Italy 1545 N. Commercial N.E.

~
Salem 97303 Supply, Inc.

Mar Vac Electronics
Via Valenzani, 12 5710W . Good Hope Rd.
0004 Frascati

I~
200 I Harbor Blvd.

Roma Italy Powell's Milwaukee 53223

CostaMesa 92627 8725 S.W . Cascade Ave.
out 12453 Washington Blvd. KANSAS Beaverton 97008 WYOMING

~ Los Angeles 90066 Hollywood At Home Powell's Technical Books Westem Test Systems

i 4747 Holt Blvd. 9063 MetcalfAve. 33 N.W.ParkAve. 270I WestlandCt. #B

Montclair 91763 Overland Park 66212 Portland 97209 Cheyenne 8200I

28



Introducing the ERl ™

Personal Robot Sys tem.

The Ultimate Robot Platform
for the Technology Enthusiast.

Technology has finally caught up with you.
Don't let it roll by!

TheERl offe rs. ..

An Open, Sophisticated
Software System
• Profess ional Rob ot ics Softwa re System
• Simple Grap hical User Interface (GUI)
• A Command Line API to use with just

about any programming language you
are familiar with including C++, Java,
Visual Basic, & more

• SDKs for Python and C++ on Windows
• Powerful Vision System capable of

capturing and recognizing 100 's of
images

Learn more about ER1's sophis ticated
software system at www.evolution.com

Customizable and
Reconfigurable Hardware
• Carr ies up to 201bs. of payload
• Easy-to-assemble aluminum frame
• Sop histicated Electronics and Pre­

assembled Drive System

Learn more about ER1's customizable
hardware at www.evolution.com

Optional Equipment
• Gripper Arm
• Robot Expansion Kit
• Extra Power Module
• IR Sensor Pack
• Also compatible with existing

3rd Party Materials

Learn more about ER1's optiona l
equipment at www.evolution.com

Here's What ER1 Owners
Are Doing With Their ER1s:
1. Phone home and te le-operate the ERl

using VoiceXML commands

2. Build an obs tacle course and race
other ER1 robots

3. Use the ERl for front-door surveillance
- the ERl can detect anyone who
co mes to the door, take a pict ure, and
emai l it to you

4. Teach it to recognize CD covers and
play MP3s on sight

5. Attach your own motherboa rd and lose
the laptop

6. Build a wagon and let the ERl deliver
pizza around the office

7. Use the Vision Control System to
launch rocket s at targets Gust for fun of
course!)

8 . Create a VB control to read your own
board , and share your invention with
others

9. Mount ultraso nic sensors to the
chassis to avoid obs tacles

10. Hook the ERl into your Xl0
surveillance system to con trol lighting
in your home

Don't delay, get your ER1

today. There's never been a

better way to indulge your

desire for new technology

than with the ER1 Personal

Robot System. It's the latest

technology has to offer.

The ER1 starts at only
5499.99, so get yours today
at www.evolution.com!

Customer Service: 1-866-ROB04ME

Find out what ER1 owners and robo t
enthusiasts are doing with their ER1s at
www.evolution.com/communitv

©2002 Evolution Robotics, Inc. Allrights reserved.

" 1[1II-' evolution
robotlcs,
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by Gordon McComb

"Wh ere It Is and How to Get It "

Lynxmotion
www.lynxmotion.com/

No one has a wider va riety of
ro bot kits than Lyn xmotion.
Products include sta tionary arms
a nd grippers , two- and four-wheeled
rolling robots, a nd four- and six­
legged walkin g robots . Much of the

The Parallax Toddler is a two­
legged walking robot made from

machined aluminum pieces.

-

Among l.ynxrnot ion's yellow robot kits is t he
Hexapod 2, which sports 2 OOF movement per leg.

Figure 2

book comes with the kit, and it pro­
vides full construction plans, theory
of operation , initial set-up, and
beginner's experiments.

The BOE Bot is resold by
numerous Parallax dealers. Rather
than list them all (and probably miss
some), just check out the Para llax
web site, as noted above and click
on the Distributors link.

A s imilar product is the GrowBot
($21 9.00) . It's like the BOE Bot , but
designed with a different experi­
menter's board. It doesn't offer the
solde rless breadboard area , and it
requires more assembly time.

A relatively new addition to the
Parallax product line is the Toddler
($299.00), an intriguing two-legged
walking robot.
The Toddle r
uses a pair of
unmodif ied
RIC servo
motors to pro­
pel the robot
forward and in
tu rns . The
str uctu ra l
compone nts
of the kit a re
mach ined
from anodized
aluminum ; you
have your
choice of go ld
or blue. A
BASIC Stamp
2 and experi­
menter's board
come with the
kit.

Parallax
www.parallaxinc.com/

Last mo nth, we loo ked at a
gaggle of under-$200 .00
ready-to-go robot kits . These

kits provide all the necessary com­
ponents to build a basic robot, in
some cases, including a microcon­
troller or other electronics. Just
assemble, and you're off.

The under-$200.00 kits provide
a great deal of flexibility and power.
But if you 're looking for something a
little more advanced, a few dollars
more will buy you sophisticated two-,
four-, and six-legged walking robots,
heavy-duty robot platforms,
enhanced sensory abilities , and
more. The field of $200.00+ robots is
a large one, with far too many prod­
ucts to cover in one sitting. So for
this month, we'll discuss 10 major
producers of high-end robot kits,
and catch the othe rs in future
columns. Ready ... set ... we're off!

You know Parallax as the mak­
ers of the ever-popula r BASIC
Stamp fam ily of microcontrollers .
But they also manufact ure several
worthy robot kits. First in line is the
BOE Bot ($219.00) - BOE stands
for Boa rd of Education (no, not
Bored of Education, thank you) . The
kit comes with everyth ing you need
to begin your robotics hobby: metal
robot chassis, two pre-modified RIC
servo motors, wheels, BOE experi­
menter's bo ard , BASIC Stamp, soft­
ware CD, AC adapter, and PC inter­
face cables. A slick robot ics how-to

Robotics
Resources

$200.00-ond-up Robot Kits
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FLASH,EE, NVRAM, EPROM to8meg. Adapters for micros.
Supersmall! Stand alone ordrive baymountingkitsavailable.
WINDOWS& DOSsoftware.Script files to simplify operation.
High yield and faster program than others. 'GangBang' option.

with DOS, NV mern, ADC, RAM, RTC, ISAII04 bus
Built-in serial, parallel, LCD. keyboard ports
Program in Turbo C. BASIC. MASM. etc.
Complete! no costly development kits required
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SIMPLIFY YOUR NEXT EMBE DDED D ES IG N PR OJE C T

Our low-cost starter packages include everthing needed to complete

your application-board of your choice. industry-proven Dynamic (".

and hardware tools. Z'Worl d's hardware and software integration

substanti ally reduces your develop ment time and costs.

RS23 2 terminal for Sta m p, PC, Z80, AVR etc.
-super low-curren t, powers from ser ial line
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Living Machines/Diversified
Electronics
www.robota live.com/

product is laser-cut acrylic plastic, and many kits are ava il­
able with just the plastic pa rts , hardware, and motors (typ­
ically R/C servo motors, modified and unmodified). You
can add your own control electronics, or opt for
Lynxmotion 's FirstStep or NextStep controller carrier
boards. Both are designed to be used with the BASIC
Stamp microcontroller (included with the FirstStep, ext ra
on the NextStep).

Perhaps the best known (at least most seen ) of
Lynxmotion's distinctive yellow robo ts is their Hexapod
walker. They offer several variations:

Other Lynxmotion kits include several variations of
wheeled Ca rpet Rover robots , a number of Japanese-class
Sumo kits , and the Mobile Arm Kit ($250.00).

Diversified Electronics - now Living Mach ines ­
makes and sells the popular Descartes (pronounced day­
ka rt ) autonomous robot. This $229.00 kit measures six
inc hes in diameter, and uses its main circu it boa rd as the
chassis. A pa ir of small motors and wheels are attached to
the circu it board and provide motive powe r; the board also
houses four CdS light ce lls, left and right mechanical
bumper switches, speaker, and two wheel encoders (for
distance-of-travel odometry).

Des cartes uses the BASIC Stamp 2 as the mai n micro­
controller, which can be prog rammed with your own code,
plus a non- reprogrammable PIC microcontroller for numer­
ous co-processor funct ions.

Also available from Living Machines is the Pocket Bot
($379.00), a miniature robot small enough to fit in the
palm of your hand, and a 12-inch diameter PVC plastic
general-purpose base ($350.00) , which comes with modi­
fied R/C servo motors , rubber tires , dual motor encoders,
and twin support casters .

• The Hexapod I combo kit ($232.00) comes with all
parts (but not a controller) to construct a th ree-motor, six­
legged walking robot. Two of the servos control the front
and back legs on either side, and the third servo controls
the middle legs .

• The Hexapod 2 (parts/motor kit: $375.00; full kit
$685.00) uses 12 servos; two per leg (for two degrees of
freedom, or 2 DOF, pe r leg). Each leg is individually-con­
trollable, so this robot is capable of per form ing numerous
styles of walking ga its.

• For 3 DOF, Lynxmotion offers the Hexapod 3
($682.00 ), which comes with 20 se rvos , 18 of which are
used for locomotion.

• The Quadrapod 2 ($569.00 ) and Quadrapod 2S
($404.00, no electronics) are four-legged walkers. Both
provide 2 DOF per leg.

Robot ics Reso urces
~

Circle #48 on the Re ad e r Se r vice Ca rd
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Mekatronix
W'N'N.metkatronix.com/

Mekatronix manufactures a
small line of wheeled and legged
robots. Sales are through distribu­
tors ; for the United States, the
Mekatronix product line is available
through Mr. Robot
(www.mrrobot.comf). Most of the
kits a re available pre-cut in e ithe r
five-ply a ircraft plywood, or black
ABS plastic. In most cases, you can
buy the body only, or full kits with all
parts and electronics . The pr ices
below are for the full kits .

Leading the pack is the Talrik
line of small wheeled autonomous
robots. All use modified RIC se rvo
motors. Talrik Jr. ($239.00) is seven
inches in diameter, and is the entry­
level kit of the group. There's also
Talrik J r. Pro ($339.00), and Talrik II
($639.00 ), at 10 inches in diameter.

The company's Robobug is a
hexapod walker with 2 DOF per leg.
Price for the full kit - wood parts, 12
servos, and hardware - is $499.00.
A microcontroller is extra.

Arrick Robotics
W'N'N.robotics.com/

The ARobot from Arrick
Robotics is an all-purpose metal
robotic platform. Unlike most
wheeled robots that use a pair of
drive motors, the ARobot uses just
one drive motor, along with a sepa­
rate RIC servo motor for steering.
The drive motor propels a single
wheel in the front , and the steering
motor controls a pa ir of rotatable
wheels in the rear. These two wheels
are linked to the one steering motor
by a push rod .

Included with the $235.00
ARobot kit is a pre-cut aluminum
base, motors, wheels , and other
parts, controller board, but no micro­
controller brain. The controller board
is designed for use with the BASIC
Stamp 2, which means you can use
the Stamp or a pin-compatible alter­
nati ve, such as the Bas icX-24 , Basic
Micro Atom, or OOPic C.

I--- -f----
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Ano ther uniq ue aspect of the
ARobot is its included wheel odome­
ter, which allows it to track distances
traveled.

AK Peters
W'N'N.akpeters.com/

Known mainly as a book pub­
lisher, AK Peters is also a dist ributor
of the Rug Warrior line of education­
al robots . The Rug Warrior is
described in Mobile Rob ots:
In spiration to Implem entation ,
which the company publishes. The
Rug Warrior kits are not cheap, but
are well thought out, and are com­
mon finds in college- and unive rsity­
level mechatronics labs.

The Rug Warrior Pro ($599.00)
provides a complete kit of pa rts to
build a fully-functiona l autonomous
robot based on the Motorola
MC68HC 11 microcontroller.
Included is the chassis, wheels ,
motors, main electronics board with
microcontroller and other support
components (including a two-line
LCD display and dual H-bridge motor
driver), dual shaft encoders, light
sensors, and speaker.

The Rug Warrior kit comes with
Interactive C, a special mult itasking
version of C des igned for the
Motorola controllers, and is used
heavily at the MIT robotics lab.

Rug Warrior is available in vari­
ous "sub" kits, should you already
have the mechanical base or elec­
tronics . The Brains
kit (microcontroller
and support e lec­
tronics ) reta ils for
$359.00 ; the Brawn
kit (cha ss is,
motors , wheels ,
etc.) retails for
$240.00. Unlike AK
Peters' books, the
Rug Warrio r kits
are no t ava ilable at
bookstores; rathe r,
they can be pur­
chased from onlin e
distributors , such
a s Acroname

Robotics Resources

(www.acroname.com/).

Robodyssey Systems
W'N'N.robodyssey.com

The robot kits from Robodyssey
are aimed squarely at the education­
al market. The company's Mouse
($206.00) uses twin modified RIC
servo motors, mounted on a small
circular aluminum chassis. The
Roach ($259.00 ) is a s ix-legged
walk ing robot using th ree unmodi­
fied se rvos for a "linked" walking
gait.

Both kits are provided with a
central control board, but not a
microcontroller. The control board is
designed for use with the BASIC
Stamp 2 or pin-compatible micro­
controller, such as the BasicX-24. A
nice featu re of th is control board is
its 24-pin zero-insertion force (Z1F)
socket. This allows you to more eas­
ily remove and install the microcon­
troller without damaging the pins, or
unnecessarily expanding the spring
contacts in the socket.

Zagros Robotics
W'N'N.zagrosrobotics.com/

Zagros is a manufacturer of
"rover size" robot bases and kits.
Almost all of the kits discussed so far
are desktop robots, and small
enough to fit on one. The fare from
Zagros is designed for DIY educa­
tional and industria l applications,



I Rob otics Resources-------- Seetron Serial LeDs
Interface a sharp LCD display to your BASIC Stam p® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits available too. See www.seetron.com today.
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More displays available,
includingbrightVFDs.
See www.seetron.com

$45
BPI·216N

$119
TRM-425L

-...
Ci rcle #47 on t he Re ad er Se rv ic e Card.

www.rfdigital.cam
[8"18) 54"1-7622

WIRELESS MADE SIMPLE ™ •

III
'1IiIfII 1111//_III

Scott Edwards Electronics, Inc.
1939 S. Frontage Rd. #F, Sierra Vista , AZ 85635
phone 520-459-4802 • ax520-459 -0623
www.seetron.com v sales wseetron.com

Circl e #4 9 o n the Re ad e r Service Card.

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

$99
• 3.2 x 1.4 in . graphics LCD SGX.12Ol

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

• 3.2 x 1.4 in . supertwist LCD
• 2400/9600 baud serial
• Low (=2mA) current draw
• Great with BASIC Stamps®

• 3.2 x 2 in . backlit LCD $49
• 1200-9600 baud seri al ILM·216L

• Advanced protocol, 4 switch inputs
• EEPROM for configuration settings
• Favorite for OEM applicatio ns

Robix is more of a general construction set than a kit
to build a specific robot. I'm including it here because of its
unique ability to create all kinds of interesting robots,
including walkers, grippers, and arms. The Robix kit
includes machined metal links , six specially altered Hitec
servos, and assorted ha rdware. The servos and links are
connected very much like an Erector set, where pa rts can
be joined to create a va riety of joints and limbs.

The product is intended mainly for classroom instruc­
tion , though it's also great for garage-shop inventing. NV

and are suitable for tasks where the robot must ca rry 25­
35 pounds or more of weight.

As an example, the Max '99 kit ($229.00) is a dual­
deck 12-inch diameter base, complete with heavy-duty
motors , wheels, and support casters. Additional decks and
risers can be purchased if you require more mounting
space for electronics. Even larger is the Round Max '96,
($249.00) at 16-inches in diameter. The Zagros bases are
constructed from black plastic.

Though Zagros specializes in bases , they also offer
optional components, including motor dr ivers , ultrasonic
sensors , and microcontroller boards. Zag ros provides
more of a "mix and match" approach to constructing a
robot to your specifications, rather than theirs.

The PPRK - Palm Pilot Robot Kit - was developed by
the Carnegie Mellon Robotics Inst itute. As its name
implies, PPRK is designed to be used with a Palm Pilot as
the main brain; you provide the Pilot. The kit includes a
cha ssis, a trio of modified RIC servo motors and omni­
directiona l wheels, and support electronics .

Bes ides using the Palm Pilot as a microcontroller, the
PPRK is unusual in that it uses a three-wheel dr ive, rather
than the more typical two wheels, with one or two undriv­
en support casters. The three drive wheels are spaced 120
deg rees apart from one an other around the circumference
of the robot's chassis. To make this odd configuration
work , the wheels used with the PPRK are omnidirectional
- they allow forward movement, as well as movement side­
to-side. The base design is known as holonomic, and the
PPRK is one of a small group of robots that can move in
any direct ion.

Carnegie Mellon won't se ll you the kit, but you can pur­
chase it from Acroname, www.acroname.co mj. Prices
start at $265.00 , and the kit is ava ilable in several versions.
The Carnegie Mellon web site also provides full details if
you want to build you r own from scratch. Acroname ­
among others - sells the individual parts , including the
omnidirectional wheels .

PPRK: Palm Pilot Robot Kit
wvvw-2.cs.cmu.edu/-reshko/ PILOT/

Robix/Advanced Design
wvvw.robix.com/



$27.95

As low As

• Complete with 40W iron.

Elenco Oscilloscopes
Free Dus t Cover and xt , x2 Probes

2 year Warranty
&-1330 25MHz Delayed Sweep $439

5-1340 40MHz Dual Trace $475

5 -1345 40MHz Delayed Sweep $569

S· 1360 60MHz Delayed Sweep $725

5· 1390 l QOMHz Delayed Sweep $895

DIGITAL SCOPE SUPER SPECIAL S
05-203 2QMHz/1QMs/s Analog/Oigital $695

05-303 4QMHzI2OMs/s Anab)'Digital $850

0 8-603 6OMHzJ20Msls Analol}'Oigila l $950

Welle~ Low Cost Soldering Iron
Model WlC100

• Variable power control
produces 5·40 watts.

• Ideal for hobbyists, DIVers
and students.

Elenco SL-5 Series
Electronically controlled, ideal for professionals, students, and
hobbyists. Available in kit formor assembled.

Ordering Informati on:

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

Mode l SL-5-40 - Includes 40W UL iron.
(Kit SL-5K-40)

Everything you need to build 500 exciting electro nic projec ts :
• Lea rn th e basics of electronics. 500

di ffe ren t electronic experime nts , spec ial
ligh ting effect s , radio transmitter and
receivers , sound effects, cool games and
MO REl

• Includes buil t-in breadboard and an LCD .

• Exp lo re am plif ie rs , analog an d d ig ital
ci rcuits plus how to read sch ematic
diagr am s.

• Incl udes 11 part s .

• Lab-sty le manu al inclu ded ,

• Requires 6 ..AA " batteries .

Two Ie Radio Kit

4 Fully Regulated Power Suppl ies in 1 Unit

Elenco 3MHz Sweep Funct ion
Genera to r wI bu ilt- in 60MHz

Frequency Counter
Model GF-6046

Generates squa re. triang le. and sine waveform s,

."" TIL .CM OS pulse. 5199.95

GF-8025 - WilhOul Counter 5 1 39.95

• D-3QVDC @ 3A Output
• 3A Fused Current Protection
• Current umiling Short Protection
• O.02sn Output Impedance

Short Wave Radio Kit

IElenco Educational Kitsl I Electronic Science Lab
Model MX-901SW Model AM-T80K Maxitronix 500-1n-1 Elect ron ic Pro ject Lab Mode l MX-909

• large 'l '" 3 314 Digit
LCO

• Autoranging Freq.
104MHz

• Cap . to 400p F

• IncIuctanc:e10 40H
• Res. to 4,OXlMn

• Logic 'reer
• Diode& TranSistor

Test

• Aud ible Continuity
Test

$99

Model LCM-1950

Sensitivity:
• <1.5mV e l00MHz
• <5mV @ 250MHz
• <5mV @ 1GHz
• <100mV @ 2.4GHz

Elenco Handheld
Universal Counter

1MHz - 2.8GHz
Model F·2600

Elenco RF Generator
wit h Counter (100kH z - 150MHz)

Mode l SG-9500

Features internal AM mod. of 1kHz, RF
output l 00MV· 35MHz. Audio output 1kHz @

lV RMS.
SG·9QOO (analog. wlo counter) S13 5

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

Includes antenna, NiCad battery, and AC
adapter.

G-2800 Case wi Batt Clip 514.95

· Cap . O . l pF to~F

• InWctance 1",H to
20H

• Resistance OmCl
lo2 .00ClMn

• Temperature ·2O"C
lo 75O"C

• DC VO/ts O· 2.0V
• Freq. up 10 15MHz
• Diode/Aud ible

Continuity Test
• Signal Output

Function
• 3 112Digit Display

Test Equipment

$325 $445
$259
$225 ' :!:'? II I

IRt.hI.

11 Funct ion s:
• Freq. 10 20MHz

· Cap. lo~F

- AQOC Voltage

• ACIDC Cu rren l

« Beepe r

• DiodeTesl

• Transistor Test

• Meets UL-1244
safety specs.

• 0.2Hz to 20MHz
• AM & FM Modulation
• Burst Operation
• External Frequency Counter

to 30MHz
• Linear and Log Sweep

This teste r is a convenienl instrumen l lo r lesting
diffe rent RJ-11 and RJ·45 coonectors and coax
cables . Gables can be tested before and alter they
are insta lled .

• Mapping Function
• Tests cables betore orsher !tlel r InstalIaliOn
• CableIdenliflca tiOn (straight or reYerse)
• P3IrldenlJficatiOnlstJa9l! orrever5e)
• Open or Short Testing
• L.owBanety Indicator
• Auto Power-Q!f Function (30 •. )

Sort Vinyl'ZJpptJr'edc. .. {Modft c-90} 1ncIudtK/!

TCT·255K ·~ c.bie Tes ler I« - $39 .95

Elenco Snap Circuits™

Features:
• One instrument with four test

and measuring systems:
• 1.3GHz Frequency

Counter

- 2MHz Sweep Function
Generator

- Digital Multimeter

• Digital Triple Power
Suppl y

10MHz Mode l 4017A

5MHz Mode l 4Q11A

2MHz Model 4010A

Elenco Four Functions in One Instrument
Model MX-9300B

Elenco Multi-Network Cable Tester
Model TCT.255 n,

SC-l00 - 100experiments
Elenco's new Snap Circuits"" make learning electron ics a "snap". Just follow the colorful pictures in
out manualand build over 300 projects, such as AM radios, burglar alarms. flashlights, doorbells, and
much more . You can even play electronic games with your friends . All parts are mounted on plastic
modulesand snaptogetherwith ease. Enjoy hoursof educationalfun while learning aboutelectronics.
You can even creale your own experiments ! No tools required.





FIRST PLACE: MULTI-FUNCTIONAL ACCELEROMETER
Jingxi Zhang,Yang Zhang, and Huifang Ni • Foster City,CA

-_._-....0.;
CONTINUITY

U r :l .-,
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T he object of this project is to utilize Texas Instruments' ultra-low power, 16-bit
RISC microcontrollers MSP430 to interface a MEMS (Micro-Electro-Mechanical

System) dual-axis accelerometer sensor to build a handheld, use r-selectable, multi­
purpose accelerometer device .The accelerometer sensor outputs a duty cycle modu­
lated (DCM) signal on each axis.The MSP430 captures the signals and converts the sig­
nal duty cycle percentage back into acceleration information. Because the input signal
contains both static and dynamic acceleration, multiple functions can be generated by
properly conditioning (filtering) and manipulating the data .

The following functions are provided with a simple click on the mode selection
button:

· Accurate tilt-angle meter (inclino meter) ranged from -180 to + 1800 with a
resolution of 0.10

•

· Electronic two-axis bubble level with nine directional indicators.
· Motion alarm to detect tiny movements or shakes .
· Pedometer to detect and record a user's walk/run steps.
· Countdown timer to beep when the preset t ime exp ires .
· Stopwatch to reco rd t ime laps precisely in fract ions of seconds.

Henry Chan • New York, NY

SECOND PLACE: ROBUST REMOT E NUCLEAR RADIATION MONITO R
WITH INTELLIGENT POWER MANAGEMENT

I n today's increasingly violent world, the th reat of nuclear disaster becomes mo re
real as terrorists go to great lengths to endanger the lives of numerous civilians in

addition to their own . Nuclear attacks from the use of "dirty bombs " o r even the use
of nuclear weapons has caused society to th ink the unthinkable. The project present­
ed here illust rates a robust early notification solution sho uld there be any dangerous
levels of radiation whether it be from a terrorist attack o r simply leakage of radioac­
tive waste. The Robust Remote Nuclear Radiation Monitor with Intelligent Power
Management (NRM) allows a monitoring agency to quickly determine the levels of
radiation in an area through a wireless radio link.The device uses the ultra-low power
MSP430-1 121 from Texas Instruments as the microcontroller, a silicon photodiode­
based sensor, an LCD and two buttons for user interact io n, an amo rphous silicon so lar
panel and battery for power, and super-capacitors for energy storage.Thanks to the
intelligent power management, the device can be used outdoors, as well as indoors in low-light levels, even without a battery.
Low Power Mode 3 (LPM3) is used extensively in conjunction with a 32 kHz watch crystal as the sou rce of t iming interrupts.
A sigma-delta ADC is implemented for accurate voltage measu rements .The NRM calculates insta ntaneous counts per minute
(CPM), as well as a moving average CPM.The highest level of radiatio n detected in the last 24 ho urs is also stored.The radio
link using the TI TRF4400 ISM single chip 430 MHz transmitter allows quick notification of a possible danger.To provide con­
firmation of proper operation, the NRM transmits a heartbeat signal after every user-determinable time period. For survey
use, the NRM can be configured to produce an audible click for every detected particle, as we ll as an audible alarm.This device
provides the early warning necessary for the rapid evacuation of the affected area in the case of an emergency.
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THIRD PLACE: EVENT RECORDER
Sean K. Barry • Burnsville , MN

O ur ER8XX device continuously records and monitors cardiac electrocardiogram
(ECG) analog data, coming from electrodes and leads attached to a pat ient's

chest.When the patient wearing the device feels a cardiac symptom (angina/chest pain,
shortness of breath, palpitation, sweating, etc.), they can press an "EVENT Record"
button on the front face of the device and it will record their ECG for one to three
minutes. The ER8XX continuously acquires ECG data , so the recorded "ECG Event"
spans a period of time both preceding and following the time at which the button
was pressed.

Once "ECG Event(s)" have been recorded and stored in NV FLASH memory, the
patient can press the "SEND Event(s)" button on the device and transmit recorded
ECG data to a health professional mon itoring them at a receiving station.This is done

via an audio signal, which is output through a speaker into a common telephone receiver. Optional program selections allow
the ER8XX to change the durations and types of recorded "ECG Events," to transmit at alternate speeds, and even to mon­
itor the ECG signal continuously and "automatically" in Arrhythmia Detection mode (AD mode).Two key requirements of the
ER8XX design require functions found only in a microcontroller from the Texas Instruments MSP430 family. First, the Low­
Powe r Management funct ions and, secondly, the C1ocking/Timer(s) funct ions of the TI MSP430.Together, they make possible
soluti ons that aren't allowed by selecting any other microcontroller. Several other microcontrollers were examined as candi­
dates for th e ER8XX design. But, the MSP430 part has specific novel features , which make it perfect for the ER8XX design.

Honorable Mention:
GNOMES

Jeremy Patrick Frantz • Houston,TX

T he design
goal of the

Generalized
Network Of
Miniatu re
Environmental
Senso rs
(GNOMES) is
to create a
system of low­

cost sensor nodes that are self-organizing and can work
in a collabo rat ive manner to solve a given problem. Cost
and power consumption constitute the two overriding
design constraints for this development effort. These
constraints were based on the follow ing assumption:
traditional macro sensor devices are bulky and expen­
sive, but extremely accurate. Because of the high cost
per sensor, a single high-precision device is also not
generally fault tolerant. Therefore, by flooding an
application area with many small cheap devices, one can
overcome the weaknesses that are inherent in this kind
of system. Data collected from multip le sensors can be
combined to improve the accuracy through the use of
advanced DSP algorithms (e.g., creating a high-resolution
image by combining multiple low-resolution images) .
The system is inherently fault tolerant because of the
many nodes that are in use . If a few nodes become
inact ive, overall system performance should not suffer
much .

Honorable Mention:
RC CAR TRACK T IMER

David Johnston • Westford, MA

T his system is to
be used with

RC Cars, Radio
Controlled Scaled
Racing. Set up at a
racetrack, the sys­
tem can monitor
LAP nrmng and

determine finishing order automatically with precision
down to one millisecond . The system des ign has three
basic components, the Track Gate (TG) , Track Monitor
(TM), and the Car Monitor (CM). Each of these three
components has a single TI MSP430FI Ix I microcon­
troller. Communication and synchronization between
these three parts is done via standard consumer infrared
(IR) components, remote control type. A CM resides in
each RC racecar. It gets power from the car's battery, as
well as monitoring the battery voltage. It receives IR sig­
nals from the TG to synchronize to the system, as well as
detecting the Start/Finish line crossing. Once it crosses, it
sends the crossing t ime and battery voltage to the TM via
a Time Division Multiplexed (TDM) IR signal. The syn­
chronization and TDM nature of this system allows up to
16 CMs to be active at a given time with each CM pro­
grammed to a different interval number. Even if multiple
CM cross at the same time, they will transmit their true
crossing time in an ordered fashion to the TM.There may
be upwards of a half-second before a CM sends this data
to the TM, but sends the true finish time with millisecond
accuracy.
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Steve "Mouse" Silverstein is Sr. Animat ion
Programm ing Systems Developer at Walt

Disney Imaginee ring. During his nearly two
decades as an "Imagineer" at Disney, Mouse
has wo rked on innumerable projects at Disney
theme parks around the wo rld, including: the
"Carousel of Progress" at Walt Disney World

Magic Kingdom, "Body Wa rs," and the Norway Pavilion's
"Maelst rom" attractions at EPCOT in Walt Disney World, the
Pan Galactic Pizza Port," and "Splash Mountain" attractions at
Tokyo Disneyland, and "Star Tours" at Disneyland Paris. His
main responsibilit ies are in the des ign, development, and sup­
port of the proprietary hardware and software tools used in
the programming and animation of Disney's Audio­
Animatronics® figures and att ractions. Most notably, his pro­
gramming tools were used extensively for animating the hun­
dreds of Audio-Animatronics figures at Disneyland Paris and
the new Tokyo Disney Seas theme park in Japan.

T o dd Mendenhall - Age 38 ­
Hometown is Rancho Palos Verdes,

CA. Education: BSME Cal Poly SLO 1987
and UCLA 1999. Occupation: Aerospace
Engineer specia lizing in alt itude control
( 15 years ). Projects: OMS-EP (NASA ozone

mapping probe), KOMPSAT (Ko rean high-resolution
imager). Other items: Four International patents, two US
patents ; Heavyweight Combat Robot Panzer has four event
champ ionships.

About the JUdges •••
Dan Danknick wo rks as an embedded­

systems enginee r specializing in high­
speed comm unication fi rmware. He holds
nine US patents for his work in indust ry
which has included Canon , Wa lt Disney

Imagineering, and Celerity. In his spare time , he works in the
competition robotics indust ry as a supplier and TV technical
commentator. He also volunteers yearly as a techn ical-support
engineer fo r Dean Kamen's FIRST robotics competition.

Datrick Campbell (BSME Ca l Poly
r 1993, San Luis Obispo and MSME
Stanford University 1995) has been a
product manager for a line of embedded­
microcontroller products for Mosaic
Industries. Currently, he works for Pace

Technologies developing specialized lighting and camera equ ip­
ment for the entertainment industry. For the past two years ,
he has been developing a 3D HDTV camera system that has
bee n take n down to the Titanic and Bismarck wrecks. He has
also been competing with fight ing robots since 1994. Patrick
can be reached at patrick@tmz.com .

BE A HACKER.COM
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New Product News

UNIQUE, LOW-COST, SELF­
POWERED, PANEL-MOUNTED
LED MINIMETERS

ftm el-mounted LED minirne­
r te rs replace fragile "an alog­
mechanical " and "expensive dig­
ital" panel meters that display
current and volts in AC line
applications. CUL Certified.

Model LM15: Integral
display and current transformer, housed in

e.·· r: a rugged water-clear polycarbonate shell less
:\~ than one-inch square, provides dis play of AC

. - load currents up to 15 amperes for either 50
or 60 Hz service. Five amp (LM5) and 20
amp (LM20) models are also available.

The display is self-powered so no
additional or external components are

required. No batteries or power supplies are
needed to activate the display as it
transforms a tiny portion of the load current
to illuminate the display's colorful LEOs.
LED segments may have custom­
configured colors for volume orders.

The LM15 is C-UL listed/double
insulated and available with CE marks to
meet all safety requirements worldwide.
Patent(s) pending.

A companion model VM120 provides a
display of line voltage from 50 to 150 VAC.

All minimeters can be installed without
tools. Electrica l connections are made by

quick-connect blade terminals and panel
mounting uses a single brass spring retainer with an anti ­
slip feature for secure mounting.

Panel cut-out required is the standard square opening
(0 .97") as used for utility AC sockets. Any panel thickness
from 1/32 to over 1/4 inch can be accommodated.

Intended to replace fragile analog mechanical meters
and more expensive digital meters , these minimeter
products provide rugged, accurate, low-cost alternatives
(low-volume price $20.00, 10K pricing under $15.00) in a
smaller package well-suited for these applications.

• Power Distribution Units (PDUs)
• Industrial Control Panels
• Service Panels
• Marine and Automotive Dashboard Displays
• OEM Product Panel Metering

For more information, contact:

Avatar Engineering Corp.
30 I Newb ury St. #200, Dept. NV

Danvers, MA 0 1923
978-590-7060 Fax 978-887-6275

Email: avatarl @avatarengineer.com
Web: www.avatarengineer.comf

minimetersf

40

Ganymede Test s Measurement announces a new
release of Wave Corrector. Th is popular software

package processes analog recordings from vinyl or
tape/cassette sources for transfer to CD recordable
media. The program integrates wave editing and noise
reduction functions and runs on the Microsoft Windows
95/ 98 /ME/NT/ 2000/XP platforms.

The new release incorporates many additions to
enhance the usability of the program. Improved track
editing features have been implemented together with
new search facilities and display options.

Wave Cor rector incorporates an advanced music
restoration function which is designed to remove clicks
and background noise while maintaining the musicality of
the orig inal sound. Damaged recordings are rejuvenated
using a novel combination of analytic and heuristic
procedures . By th is approach, the program avoids many
of the unpleasant processing artefacts common with
competing systems.

A graphical overlay is pro vided that allows the user to
compare the waveform befo re and after restoration.
Interactive features prov ide the abil ity to audition and
modify corrections, if necessary.

Wave Corrector also automatically finds track
changes and assembles separate wave files representing
each track of an album. Tracks can be easily split or
merged and track boundaries can be customized to suit
the user's requirements.

Visit the Wave Co rrector website
(www.wavecor.co .uk) for a full descript ion of the
program and to download a trial version.

Single-user licenses cost $45.00 US and include
unlimited upgrades.

For more information, co ntact:

Ganymede Test & Measurement
Holly Croft, Barrack Hi ll, Dept. NV

Cole shill,Amersham HP7 OLW
United Kingdom

Tel: +44 1494 724362
Fax: +44 1494 723 093

Email: derek@wavecor.co .uk
Web: www.wavecor.co.uk

UWDT UNIVERSAL STAND­
ALONE WATCHDOG TIMER

T he Industrologic UWDT is a stand-alone watchdog
timer circuit that can be triggered with logic level or

open-collector digital outputs from a microcontroller or
single board computer, or with RS-232 serial data from
any communication protoco l. It can be used to increase



New Product News
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GTC100 GTC200 GTC300 GTC301 '>~

128x64 lED 256x1 28 CCF 320x240 CCF 320x240 LED

ew Timer and Counter kits ILow Cost!!
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Multi Mode Timer Kit Up/Down Counter Kit
Seven dilferent timing Count range is from 0000,1,2
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delay ranges are set by down. Maximum count rate of
DIP switche s. Timing about 30 counts per second .
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and 42.5h( lOmin steps) PCB size 1.9"x3.8" make an 8 digit counter. PCB size 2"x2.5"
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4-digit Timing Module Kit Presettable Down Counter Kit
6 Types of finn ware available. ' Start ing count can be set. The
The included firmware is a counter has four modes to con-
programm able down timer of trol how the output behaves
10,000 sec. PCB size 2"x2.6" when it reaches zero. Max coun
Timing accuracy : 0.04% rate of 30/sec or 30,000/sec.
9-12VDC Current: 50mA PCB size 2"x2.5" 9- 12VDC
Order Code : CPS148 $9.95 Order Code: CPSI5 4 $16.95
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Amazon Electronics, Box 21 Columbiana OH 44408 USA.
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Graphic display
Touch screen (optional) or 12x12 Input matrix •
Serial communication (RS·232C) t Interface
Eprom or Flash for screen storage Easy Oper~ or ction
Only +5VDC power required (or 9·26VDC) thrOughse"alconne
Includes graphic controller board • •
Easy to use development software
Powerful friendly instruction Interpreter
Create screens by PC paintbrush Deslgntech
Holds 100's of "canned" graphic screens Engineering Co.
Simple to place ~ouch buttons software ~~1';;,;.~I~e,I::'a6'gtJ1;
Easy Interface With PC/104, 8051, 68HC11, PIC Phone 312-243-4700

Embedded Computer Controller Also Available ~'tESlGJE~~N~~E~RI~lcb~

you can configure 0, 1, 2, 3, or all four of the outputs as
momentary, and the rest as toggle. Momentary outputs
pulse high for approximately 100 mSec when their code is
recognized. Toggle outputs change state when their code
is recognized.

If you need more than four outputs, add an expansion
chip (a standard 74HC259) to get eight outputs. You can
configure 0, 1, 2, 3, 4, 5, 6, or all eight outputs as
momentary, and the rest as toggle.

Based on an eight-pin Microchip® PIC 12CE519
CMOS microcontroller with EEPROM, this device has been
developed to work with most modern IR remote controls. It
supports bi-phase, pulse width , and pulse position
encoding techniques. All four or eight codes must be in the
same "family," such as a number of different keys on the
same remote would be.

For more information , contact:

Graphic IntedacelithTouch Screen

TauntonTek
609-953-55 19

Email: grieb@pics.com
Web: www.pics.com/-grieb/IR.htm

the relia bility of nearly any
microcontroller o r single ~~'1":'1'..... ",>l::'"..... ,

board computer system by
monitoring a signal, and
activating a reset circuit or
cycling th e system powe r if
the signal is no longer pres­
en t.

The UWDT features are:
Convenient screw terminal
block co nne ctions for relay
and digital trigger signals ;
DB9F and DB9M pin-to-pin
connections provide pass­
through for RS-23 2 signals;
Jumper selectable monitoring of either RS-232
transmit or receive signal; Can be triggered by RS-232 data
of any baud rate; 10 amp Form "C" relay with connections
to all contacts; LED indicators for trigger and relay
activation; Adjustable time periods for both trigger
frequency and relay on time; On-board power supply for all
circuitry; and pin-type power connector for easy
connection to wall block power supplies.

The UWDT is shipped complete with all items
necessary to begin using it immediately: The UWDT circuit
board; a serial port cable for connection to a PC­
compa tible computer; a wall-block power supply; and a
hardware reference manual.

For more information, contact:

Industrologic, Inc .
320I Highgate Ln., Dept. NV

St.Charles. MO 6330I
636-723-4000

Email: info@indust ro logic.com
Web: www.industrologic.com

TINYIR TRAINABLE IR REMOTE
CONTROL RECEIVER
A dding IR remote control to your
~ext project or to an existing
one, just got a whole lot easier.

With TinylR, just apply
power, train the chip to
recognize the codes you
want to use, and
you're ready to go .o... .- '
Code patterns are ;_ .
safely stored in "
internal non- -
volatile EEPROM. The chip can be re-trained many times,
if needed.

Features: Trainable - use it with a remote you already
have; Control signals are usable directly - four or eight
pulse or level outputs available; LED indicator - flashes
when a valid command is received; Small size; and IR
sensor can be mounted remotely, for more flexibility

By installing one or two external passive components,
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Circuit

MPLAB assembler/simulator environment, all
available at no cost from their website. If
you've not used a Microchip MCU before, writ­
ing code for them is very easy. Devices such
as the PIC16F84A are used in countless proj­
ects that can be found all over the web. A user
forum called the PICList (www.picIist.com)
is another useful resource if you need some
guidance or help.

Not wanting to create yet another elec­
tronic thermometer, I decided to design an
electronic dice roller, which I call the High­
Roller. Nostalgia played a part in this decision ,
since a 7400-series-based die was one of the
projects I built when first getting involved in
electronics. While choosing an MCU, I was
particularly attracted to the PIC12C508A,
because it packs a lot in a very small chip.

The '508A is an eight-pin MCU with 512
words of program memory,
seven control registers, and
25 registers for program
use. Its instruction set com­
prises just 33 different op ­
codes. Six of the '508A's
pins can be configured as
I/O lines if your design is
able to use the chip's inter­
nal 4MHz oscillator instead

_ of a more stable external
crystal or resonator. This
allowed me to keep the cir­
cu itry very simple (see
Figure 1), and focus on
becoming familiar with the
programming of the MCU.

One drawback of the
'508A is that it is a one-time
programmable (OTP) chip,
rather than being flashable
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The High-Roller - PIC-based
Electronic D ice

Introduction

Stack the odds in your
favor with this

MCU-based project

Having been professionally involved in
circuit design many years ago, I
recently found myself longing for the

unique odor of smoking flux and the burnt fin­
gertips gained while soldering a small compo­
nent into a circuit. A quick scout around the
web showed that many people are now using
microcontrollers (MCUs) to implement logic,
and that the development tools needed are
often free or relatively cheap. Since I also
enjoy low-level programming, this was too
good to pass up, and I resolved to dip my toe
back in the water with a small MCU-based
project.

After further research, I decided to use a
Microchip (www.microchip.com) PIC MCU.
These are very popular, and the company pro­
vides lots of information and tools such as the
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Tools for Debug
N o special tools are needed for
debug.A multimeter is useful for
checking voltages, but an oscillo­
scope is not needed (it is fun to
watch the pulse width modula­
t ion used to control the bright­
ness of the LEOs, though!). If the
device doesn 't wo rk after you
have built it, there are three
main possib le causes :

I. Power not applied.
When you first apply power, you
should see the init ial "double- I"
roll. If not, check that the PIC is
receiving the correct voltage on
its powe r and ground pins. (Yo u
did insert it the co rrect way
round, didn't you?)

2 . A fault in construction
or a faulty component.
Check that all connections are
correct and look out for short­
circuits and open-circuits. Check
component polar ity (polarized
capacitors, LEOs, PIC), and that
the switch pulls the PIC input
pin to ground when dep ressed .

3. A faulty PIC 12CS08A.
Use the verify funct ion of your
programmer to make sure the
device is correctly programmed.
Make sure you double-check the
polarity of the power supply
before inser ting t he chip in the
circuit. You may want to use a
socket to make th is easy to do. If
you bought your PIC from me, it
was ver ified and checked for
correct operation before being
shipped to you. Use prope r ant i­
stat ic handling tec hniques before
to uching the device.

Tools for
Construction

C onst ruct ion is st raight­
forward, just make sure you get
the polar ized components the
right way round. Putting the
LEOs in backwards will no t
cause a component failure , they
just won 't light up. Getting the
tantalum capacito r reversed may
cause it to fail, and putting the
PIC in backwards will almost
certainly blow it, and render it
useless.

Note that you will need a
device programmer to program
the PIC I2CS08A. A quick
Google search found many sites
from which you can purchase
relat ively cheap programmers
« $ 100.00, some much less). My
own programmer is a Galep-4
from www.conitec.com,
which is not cheap (at about
$300.00), but it programs a
whole variety of other devices in
add ition to the smalle r PIC
MCUs. Its software is included in
the purchase price, and is regu­
larly updated to add new devices
(currently about 2,000 are sup­
ported). I have no connect ion
with Conitec other than as a
satisfied customer.

INNER LOOP

Figure 1 - Block
diagram of code

Update
LEOs

Tests for
setup, sleep,I---~

flash

Update
value for

LEOs

Clear
timer

Initialize

No

for each value to be displayed.
After displaying all of the dice,

the LEDs are flashed between "2"
and "reverse 2" and the dice are
displayed again. Unless the button
is pressed again, the High -Rolle r
switches off after five such display
sequences. This puts the 'S08A
into its sleep mode, with all LEDs
extinguished. Almost no current is
drawn while asleep, so no power
switch is required. You wake the
High-Roller up by pressing the but­
ton, which displ ays the results of

the last roll again. This means that there
should be no arguments about wha t was
rolled!

S et-up mode - The final interface

User interface

like the 'F84A. If there's a bug in your pro­
gram, you need a new chip! For develop­
ment purposes, therefore, Microchip offers
a UV-erasable part, which [ used to debug
the High-Roller, switching to an
OTP part for final construction.

Two other important limita­
tions of the 'S08A are limited stack
size (two words), and no support
for interrupts, but I saw these as a
challenge!

Figure 1 - Photograph of prototype

For output, I decided to use
the time-hon ored seven-LED way
of representing numbers on a die,
shown in the prototype in Figure 2.
By switching on the appropriate
LEDs, the dot pattern for each
value from one to six is displayed.
My project from all those years ago
rolled a single die , but a program­
mable design can easily be made
to roll multiple dice. The High­
Roller allows up to seven dice to be
rolled simultaneously.

You press the single button to
roll the dice, indicated by flashing
the display between "3" and
"reverse 3." The device has to be
responsive, that is, the dice should
roll as soon as you press the but­
ton, and this is covered in some
detail in the code description. After
rolling, the results are displayed by
showing the values for individual
dice sequentially. Note that two
consecutive dice with the same
value have to be easy to discern.
This is achieved by fad ing the
LEDs up from off to full brightness

I Electronic Dice
L~ .__ ._..._._.___ __ .__~__..... ..... ----
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Example 1
Code description

ness of the flashing LEDs (during a roll
and at the end of a display sequence)
without having to carefully check all
through the code. A simple macro
(Example 4) made this possible.

• To take the picture shown in Figure
2, I removed the light-proof cover from
the window of the 'S08A (a thick piece
of sticky card) so you can see the UV
window. Inte restingly, the flashgun
caused the device to reset its elf - you
can see the first " I" being displayed.
Microch ip recommends tha t you cover
t he window,since light can clear internal
reg iste rs , lead ing to unp redictable
results and great difficulty in debugging
your application.

A high-level block diagram of the code is shown
in Figure 3. Let's take a look at the overall flow,
examining the main areas in a little more detail as
we go. Along with the excerpts included here, the
full code is available from the Nuts & Volts FTP
Librar y. As timing is crucial , many of the source
code comments contain a number in square brack­
ets, indicating cycle counts, which I used for calcu­
la ting execution times.

When a reset occurs - due to either power
being applied or a button press waking the device
up - a '508A status bit informs you which of these
it was, so you can tailor the code to handle the
needs of each situation. Much of the initialization is
common, and - most importantly - the code sets
some configuration options using the OPTION reg­
ister of the MCU.

In pa rticula r, weak pull-ups are applied to all
inputs - this allowed me to leave GP5 floating , and
avo ids the need for a resisto r to pull up the switch
connected to GP3. The MCU is also set to wake up
when an input pin changes state; its internal 4MHz
clock is selected, and a 1:128 prescaler assigned to
the timer, TMRO. The 4MHz clock means the MCU
runs with a nominal 1us cycle time, since one cycle
takes four clocks. A 1:128 prescaler for the timer
sets the TMRO register to inc rement every 128us,

setting bit 7 of TMROafter a little more than 16ms, which,
as you will see later, is an im por ta nt part of the design.

The inner loop - After clearing TMRO, the code
enters the inner loop, which is the heart of the program
(see Example 1) .

It is responsible for updating the display and check­
ing for changes in the switch, and has to do so often
enough that the user perceives that responses to the but­
ton are instantaneous. The '508A does not support inter­
rupts, so the switch has to be polled.

will need to program this value back in
each t ime you re-program the device.

• Due to the way subroutine calls are
implemented, subroutines must be
located in the first 2S6 wo rds of the SI2
word program memory. This is why
most programs you will see (including
this one), jump to a locat ion following
the subroutines almost immediately
after the start add ress of OxOO.

• Ifyou want the 'S08A to wake from
sleep on a pin change , Microc hip says
you have to read the inputs before going
to sleep, otherwise this function may
not work as expected. See Example 3.

• While deve loping the High-Roller, I
wanted to be able to adjust the bright-

di cest at ,S_ROLL ; [1/ 2] Tes t if we're ro l ling t he dice
[79a max] YEs: Rol l die (s kip switch testi ng)

; [SOb maxJ NO: Poll the s wi t ch

; [+lJ Get the time the LEDs should go on
TMRO ,w ; [+2J Subtract w from timer
LEDOFF ; [+3] Assume we're switching the LEDs off
STATUS ,C ; [+4/+5] Carry flag=l if ontime=<timer
; [+5) . . . so time to switch LEDs on , get value
GPIO ; [+6J Swi tch LEDs on/off as reqd .

TMRO ,7

Thi s main loop i s r epeated ove r and ove r for about 16rns. Loop exe cuti on
time creates l at ency i n detec t ing the end of t he 16rns period, so keep
i t as short as possible . TMRO is clocked each 128us , so the path MUST
be shorter than this to avo id missing timer comparisons .

Cycle counts :

decision was to allow the user to select how many dice are
rolled. Hold ing the button pressed for about two seconds
puts the High-Roller into set-up mode. In this mode, the
number of dice is indicated by flashing that number of
LEDs. Subsequent presses of the button let you select
from one to seven dice. When the button remains
unpressed for about two seconds, set-up mode is exited
and the new number of dice are rolled and displayed.

When power is first applied , the High-Roller is initia l­
ized to roll two dice, both of which are set to "1."

1 . Longest path t hr ough loop code is 88us .
2. Shortest path through leep code is 24us.

Worst case timing error in ex iting loop is therefore 88/16384 ,
or about 0 .5 %.

bt fsc
goto rolldie
ca ll switch

Things to note about
the PIC 12CS08A and

other comments

• An individual oscillator calibration
value is stored at add ress OxIFF in each
'S08A during manufacture. If you wish,
you can (as in t he High-Roller) load this
value into the OSCCAL register to
ensu re reasonable accuracy of the inter­
nal clock. For OTP parts, check your
programme r information carefully to
make sure you don 't overwrite th is
value whe n prog ramming. For UV­
EPROM par ts, be sure to read out the
calibrat ion value before erasing, as you

44
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; ** ******* **** *

loop

; Test if it 's time to turn the LEDs on
display

movf ontime , w
subwf
movlw
btfsc
movf ledval , w
movwf

; End of i nne r l oop
loopend

btfs s [+7/ +8] bit7=1 a fte r 128 counts
!==========~:E:iEE=:::::=:::::=:::::~;::::::;;:~~ 1Il b =28 e 9 28 a s[> 6 ppr x 1
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Example 2

; -.:********

ROLLDIE

; *** * * * * ** * *** * * ** * * ** * ** * ** * * ** * ** * ** * * * ** * ** * * ** * * ** * ** ** * * * ** * * *** * *

LFSR

65 cycles
78 cycles
62 cycl es

FSR points to a register which will rece i ve t he nex t
r andom bit.

The r egi s t e r pointed to by FSR is shifted l eft . Bi t7
is shifted into the C flag , bitO r eceives the new bi t .

FSR points to the die being r olled
rollctr has to be set t o the total number of dice to r ol l

FSR->die receives a number between 0 and 7
o and 5 , representing dice throws of 1 through 6 .

OUTPUT :

INPUT :

OUTPUT:

INPUT :

Cycle counts (i nc 2 for call) :
1 . Roll 0-5 , more dice to roll
2 . Roll 0-5 , last die
3 . If the rol l is a 6 or a 7

lfsr clrf feedback [1] I niti a lis e feedback bit
movlw [2] Bit 0 of W used to XOR
btfsc sr_hi ,7 [3/4J xc r in bit15
xorwf feedback ,f ; [4]
btfsc sr_hi ,6 [5/6J xor in bit14
xorwf feedback ,f ; [6]
btfsc sr_hi ,4 [7/8J xor in bit12
xorwf feedback ,f ; [8]
btfsc sr_lo ,3 [9/10] xor in bit3
xorwf feedbac k, f ; [10]
rrf feedback,f [I1J Feedback bit to C flag , bit 7 is x
rrf sr_hi ,f [12] Shift it into the high byte
rrf sr_lo,f [13] . . . and the low byte
rlf INDF, f [14] Shift o/p bit into FSR->dice reg
retlw 0 ; [16J

All dice have been ro lled, set up for display
bc f dicestat ,S ROLL ; [63] YES : Clear the r o l l f lag
callsetdice ; [72] Reset pointer and counters
movlw SLEEPCNT [73] Get the number of display cycles
movwf dispctr ; [74] . . .before sleep and set dispctr
gotodisplay ; [76]

Rolls a die pointed to by FSR.

To roll a die , t hi s routine calls lfsr three times to generate a number
between 0 and 7 . If a 6 or 7 is rolled , the FSR reg and rollctr a r e
not adjusted , so that the same die is rolled next t ime . I f the roll is
good , then FSR is increased to point at the next die , and t he roll
counter (rollctr ) is decreased . If rollctr gets t o zero , all di ce have
been rolled , so we clear the S_ROLL f lag and set va r i ab les fo r t he
next display sequence .

Cycle count : 18 (inc 2 for call)

Effect on shiftreg :
new bit15 = old bit15 XOR old bit14 XOR old bi t 12 XOR 01db i t3
new bit14 :0 = old bit15 :l

; *** * * ** * * * *** * ** * * * * ** ** * ** * * ** * ** * ** * * ** * * ** ** * * ** * * *** * * * * ** * * *** ** *

This subroutine uses a 16-bit linear feedback shift register to
generate a pseudo-random sequence of bits . The feedback has been
selected to give a maximal length sequence .

; ** ** ** * * * * ** *** * ** * * ** * ** * ** * * * ** ** * * ** * * * * *** ** ** * * * *** * * ** * * ** * ** * **
rolldie

clrfINDF [lJ Clear the die register
call1fsr [19] Shift in the fi rst bit
call lfsr ; [37] . . . and t he s econd bi t
call1fsr [55] . .. and the third bit
movlw 6 [56J Maximum value we allow i s 5
subwf INDF, w [57] .. . so subtract 6 and tes t if - ve
btfsc STATUS ,C ; [58/59] Test carry flag
gotodisplay ; [60J If set , rolled 6 or 7 so go round again

Roll was good , so move to ne xt die
incf FSR, f ; [60] Rolled 0-5 so bump FSR
decfsz rollctr , f ; [61/62] Set rollctr=rollctr- l
gotodisplay ; [63] Done? NO : Go round again if not done

A status byte (dicestat in the code) contains
flags that control program operation. One of these
flags (S_ROLL) indicates whether or not the dice are
being rolled. If they are, execution is transferred to
the rolldie subroutine (see Example 2) using a goto
to help avoid stack problems and to allow the code
to skip the call to switch by using goto display when
returning from rolldie . Switch presses can safely be
ignored while the dice are being rolled . While using
gatos is often frowned upon in programming circles,
they are sometimes necessa ry, and can be efficient
when used carefully.

Rolldie rolls just one die each time it is called,
making three calls to a linear feedback shift register
(also in Example 2) to generate a pseudo-random
number between 0 and 7. LFSRs have the advantage
of being quicker to execute than many other com­
mon random number generators. Values 0 through 5
represent die values of 1 through 6, so values of 6
and 7 are discarded and the same die is rolled again
next time around the inner loop.

Successful throws are saved in the appropriate
variable using the indirect (FSR) register, and po int­
ers are updated to roll the next die when rolldie is
called again. When rolldie detects that the currently­
selected number of dice have all been rolled ,
S_ROLL in dicestat is cleared to return to normal dis­
play mode.

Testing the switch - If the dice are not being
rolled, then the High-Roller is going through the nor­
mal display sequence, and a call to switch is made.
Switch is quite complicated since it has a lot to do .
Its main role is to test for changes in the button sta­
tus. If the user presses or releases the button, the
code reads the value of TMRO and saves it for later.
On subsequent calls to switch, the button is tested
for further changes. Each time a change is detected,
TMRO is again read and saved.

If no change is detected, TMRO is checked to see
if lOms has elapsed (defined as DEBTIME) since the
last transition. In this case, the new state of the
switch is recorded in dicestat (S_PRESS flag) . Note
that all four possible transitions are decoded:
released-released, released-pressed , pressed­
released, and pressed-pressed. This avoids any prob­
lems due to switch bounce, very fast button presses,
or transitions while S_ROLL is set, and also simpli­
fies the wake -from-sleep code.

Action is only taken for released-pressed transi­
tions, all others are discarded. When the High-Roller
is in set-up mode, each press cycles the number of
dice to be thrown from 1 to 7 and round again. More
often, however, the High-Roller is displaying the pre­
vious throw and the dice are rolled . Rolling even
seven dice takes place very quickly, usually less
than a millisecond or so - exactly how long depends
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YEs: We have displayed SLEEPCNT times ... . time to sleep
movlw LEOOFF ; We want LEOs t o be switched of f while asleep
movwf GPIO ; ... s o set outputs t o switch them off
movfGPIO,w Read port bef ore sleeping (as per Microchip)
s leep ; . . . and goodbye !

• Two seconds have passed, and so a change to the
set-up status is needed. If set-up mode is entered, ledval
is set to the number of dice , and ontime and flashtmr are
used to make the LEOs flash th is value.

• The device is flashing the LEOs to indicate a roll or
end-of-display sequence. If so , ontime sets the bright­
ness, and f1ashtmr controls the period and duration of
the flash sequence.

• To continue displaying the same die , ontime must
be moved earlier to make the LEOs a little brighter the
next time through the inner loop. The LEOs are kept off
the first time through the loop, then ontime is reduced by
about 0.25ms each iteration, until the LEOs are on for the

on how many invalid throws are generated. To give the
user an indication that a roll has occurred, switch also
sets S_FLASH to trigger the roll flash sequence, which
lasts for about a second, after which the new results are
displayed.

Driving the LEDs - The final part of the inner loop
is the code to drive the LEOs. A var iable (ontime) is test­
ed against the current value of TMRO. While the timer is
less than ontime, the LEOs are kept switched off. When
the timer reaches a value greater than or equal to
ontime, the LEOs are switched on by setting the GPIO
port to the value held in ledval. Ledval and ontime are set
in var ious places to control what is displayed on the
LEOs. A subroutine (getgpio) is available to convert dice
values to their corresponding port drive values.

The end of the inner loop has a test to see if bit 7 of
TMRO is set, which occurs some 16.4ms after the timer
was cleared. If you recall , TMRO is clocked every 128us,
which is therefore the limit of the longest path through
the inner loop code to avoid missing TMRO values. The
longest path is actually 88us (see Example 1), so the
design has a comfortable margin.

Out of the loop - After about 16ms, execution
leaves the inner loop and a series of tests are performed
to determine whether:

whole 16ms of the loop. This means that the LEOs
display each die va lue for approximately
(16/0.25)* 16ms, or a little over one second.

• Maximum brightness has been reached. If so ,
it is time to display the next die .

• Five display cycles have occurred and it is
therefore time to switch off the High-Roller. If so , the
LEOs are switched off and the sleep command puts
the '508A into low-power standby mode. As I men­
tioned earlier, the High-Roller configures the chip to
wake up when the button is pressed. Other triggers
- such as a watchdog timer - are available, but not
used in this design.

Debugging and design changes

The tests are performed in this order, so that,
for example, going into set-up mode takes prece­
dence above all else. Depending upon the out­

come of these tests, the values of status bits in dicestat,
and setuptmr, ledval , f1ashtmr, ontime and other vari­
ables are set as necessary for the next pass through the
inner loop.

At the end of this section of code, control returns
back to the top, where the timer is reset and the inner
loop is executed once again.

Debugging a design based on the '508A is a chal­
lenge, pa rticularly since I don't have access to any
sophisticated hardware aids, such as an in-circuit debug­
ger. However, careful use of the MPLAB simulator, cou­
pled with close observation of the behavior of the buggy
code, was sufficient to enable effective debug.

When I started this project, I had no feel for how
much code would be required in the inner loop, so the
TMRO prescaler was initially set to 1:256. When I found I
could perform the necessary function in less than 128us,
I was able to change the prescaler to 1:128, which also
reduced the total loop time from 32ms to 16ms.

Parts List
The parts are all very easily sourced from vendors such as

Oigi-Key. Newark Electronics, and Future Electron ics. For devel­

opment purposes , the UV-erasable UW) versio n of the
PIC12CSOSA is harde r to find in stock, but both Oigi-Key and
Newark Electro nics car ry it

RI-R7 - 330 ohm, IISW resisto rs, or use a seven-resisto r

R-pack
LED I-LED7 - Ge neral-purpose LEOs. I used 3mm, green

LEOs
IC I - PIC12CSOSA microcontroller
C I - IOuF tantalum capac itor

C2 - IOOnF capacito r
SPST - Single-po le, single-throw push to close switch

valmacro

val
ontime

; MACROS

Example 3

Example 4

mSET ONTlME
if val = 0

clrfontime
e l s e

movlw
movwf

e ndif
e ndm
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Conclusion

Th is also improved the display quality by eliminating
a pronounced flicker. Making this change turned out to be
fairly straightforward, and I believe this was primarily
because I resisted the temptation to use numeric con­
stants. Instead, I defined symbolic constants and va ri­
ables. These, coupled with a logical structure, made the
change simple to implement.

The last change I made was to put in an additional call
to Ifsr at the top of the outer loop, just before clearing the
timer. While debugging, it was useful to have a repeatable
series of "random" numbers following a power-on reset.
Once the code was working, however, I wanted to elimi­
nate this way of generating a repeatable series of rolls.
Calling lfsr every 16ms makes the numbers ge ne rated
depend on exactly when the button is pressed , which is
essentially random whe n do ne by a human!

About the author
Steve Russell sta rted out his working life as a hardware

de sign enginee r. Somewhere along the way, he was seduced by
computers, and began designing subsystems of various type s
for them, working for a multi-national computer company.
Much late r,after a spe ll in development managem ent, he dec id­
ed th at salespeo ple needed his help and so he moved into
technical marketin g. He st ill misses t he baleful green glow of an
osc illoscope in a darke ned lab, late at night ...

Contact Steve at pic.projectS@ntlworld.com

References
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PICList: www.piclist.com
Linear feedback shift registers:

www.xilinx.com/xapp/xappOS2.pdf
Switch bounce: http://dbserv.maxim-ic.com/appnotes
.cfm/appnote_number/287

To be satisfied that the High-Roller was giving a fair
roll to its dice , in the gu ise of an exercise in statist ics, I
convinced my children to tally some 1,200 rolls of the
dice. The results were as follows (1-6): 202, 178,205, 234,
180, 201. A colleague of mine did some analysis which
indicated that the dice do, indeed, appear to be fair.

To make the High-Roller usable, I packaged the elec­
tronics and a battery-holder for three AAA ce lls in a small
candy container, and designed a suitable graphic to go on
the front of the unit. You can see the finished device in
Figure 4 - the push button is between the two words on
the graphic.

I had great fun designing and debugging the High­
Roller, and learned a lot about the MCU. Now I have to
think up a new project (I'm determined not to design a
thermometer!). I hope you enjoy either making your own
High-Roller or get interested enough to design your own
devices, too. NV
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All it takes is a little knowledge, minimal sweat equity
and a few dollars' worth of electronic components .. .

Modifying a Tridon EP35 Turn
Signal/Hazard Light Flasher to
Flash Your Brake Lights

A Tridon EP35 elect ronic.
aut omot ive, turn signal/
hazard flasher module.

ing a defec tive bulb. There are several differe nt types of
flashers . There are thermal , mechanical , electromechani­
cal , and electronic. The mechanical and electromechani­
cal types are typically used on vari able load vehicl es,
which means - per FMVSS108 - they do not have to
detect a defective lamp. Thermal and electronic flashers
are the types that have to detect a defective lamp.

Thermal flashers , which use a bi-metallic strip to
open and close the flashing circuit, indicate a defective
bulb by switching to 100% duty cycle. This is the natura l
way the thermal flashers behave. When a bu lb is de fec­
tive, there is not enough current flowing through the bi­
metallic strip to heat up the metal sufficiently to caus e the
circuit to open. Therefore, when a bulb is defective, the
other bulb just stays constant-on (when the turn sign al
switch is closed).

Detecting a defective lamp with electronic flashers is
more complicated than with thermal flashers. Like all
types of flashers , electronic flashers are typically very
compact yet have to dissipate several watts of power.

Figure 1 shows an example of a Tridon EP35 elec­
tronic flasher. Electronic flashers have an integrated cir­
cuit (IC), which controls the functio n. Some typi cal man­
ufacturers of these inte­
grated circuits are
Atmel , Motorola, and
ST. The method of
detection of a defective
lamp (lamp outage) is
similar for all the manu­
facturers . The integrated
circuit that is used in a
large number of flashers
is the Atmel U643B. An
examination of the lamp
outage methodology of
an Atmel U643B-based
flasher module will serve
as a good example for
all flashers with similar
integrated circuits.

The Atmel U643B

How do the EP35 and other
flashers workt

M any people flash their brake lights by manually
pulsing their brake pedal , in order to get more
attention from the driver of the 10,000 pound

SUV approaching them from behind.
There are several companies offering aftermarket

electron ic modules to automatically flash brake lights.
Some of these modules flash the brake lights as long as
the brake pedal is pressed while others flash for a few sec­
onds then stay on continuously. These modules typically
cost an ywhere from $30.00 to $50.00.

By modifying the electronics of a Tridon EP35 turn
signal/hazard light flasher, you can get the same function
for less than half the cost. In addition , you will be able to
tailor the function to your liking.

The EP35 flasher has three pins : battery, ground, and
load. Battery and ground connections are obvious. The
load pin is connected to the lamps. The connections are
usually labeled as E for ground, B for battery, and L for
load on the flasher base.

Federal Motor Vehicle Safety Standard (FMVSS) 108
S5.5.6 requires that failure of one or more turn signal
lamps be indicated, except on various large vehicles 80 or
more inches in ove rall width which use variable load flash­
ers. It simply requires a significant change in flash rate
when a bulb is defective. FMVSS108 does not require
detection of lamp outage for hazard function.

Some flasher designs accomplish this indication by a
fast flash of approximately 200 flashes per minute (FPM)
while others do it by a constant-on (100% duty cycle)
mode. Typically, electronic flashers indicate bulb failure
by fast flash , while thermal flashers indicate the failure by
constant-on. The normal (no bulbs defective ) flash rate
and duty cycle is 60 to 120 FPM and 30% to 75%, respec­
tively. Unfortunately, most people don't know what it
means when their turn signal starts flashing too fast or
changes to a constant-on mode. Some mechanics even
think the flasher module is defective when a bulb is out.

The type of flasher determines the method of detect-
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All you need is the basic flasher, the extra electronic compo­
nents, copperclad board, a soldering iron, solder, and a Dremel
tool or similar to break a trace on the printed circuit board.A
multi meter would be helpful in order to check continuity in the
circuit (especially to check discontinuity after a printed circu it
board trace is broken), but is not really required.An oscilloscope
is not required , but might be helpful to watch the charging and
discharging of the capacito rs. Programming is not required since
the standard flasher ASIC is used.

The electronics are pretty simple.The only reason it is a "2"
instead of a "I " is because of the mechanics of having to tap into
the exist ing circuit and then figure out a way to piggyback the
"add on" elect ro nics (on the copperclad board) to the flasher
w ithout elect rically shorting anything out.

IC requires a shunt resistor in series with the load and con­
nected between pin 6 and pin 7 of the Ie. The voltage drop
across this shunt resis tor is compared with the control sig­
nal threshold of the Ie. Pins 4 and 5 are the timing compo­
nent (resistor, capacitor) connection points , pins 2 and 6
are the battery voltage connections, pin 3 is the oscillating
output to the relay, and pin 8 is the start signal input. When
the lC detects that a bulb load is connected - via pin 8 ­
the lC starts to operate the relay. See Figure 2 for the IC
pin-out.

At 12V, the nominal control signa l threshold is 8 1 mY.
This means that when enough load current is present to
keep the voltage drop across the sh unt resistor great~r

than 81 mV, the flash rate will be no rmal. However, when
the voltage drop across the shunt res isto r drops below 8 1
mV, the flash rate will approximately double. The U643B
flashing frequency is set by an external capacitor and
resistor. Most applications require the flash rate to be set
around 90 FPM. The duty cycle is not adjustable by exter­
nal components. The duty cycle range is 47 % to 53%.
However, in reality , most U643Bs have a 53% duty cycle.

Flasher applications are typically 2/4 or 3/6. This
means two turn sign als and four hazard bulbs or th ree turn
signals and six hazard bulbs. The shunt resistor value must
be selected depending on the type of application. The
flasher may have to detect when one out of two bulbs is
defective or one out of three bulbs is defective. For a 2/4
application using a U643B IC, a typical shunt resistor value

l Brake Light Flasher
- -~-- - - - -
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If the brakes have not been
applied for betvveen 5 and 30
seconds. the brake light
CHMSL will flash between I
and 8 times, then come on
solid when the brakes are
applied.

( X

91K OHM

c=Jh -I. (+

-r- Adjust RI to control the
number of flashes. higher RI
mea ns more flashes,

Note that the shunt resistorcan be replaced
wrth a wire for this applicationof the flasher
this may be desireable since the shunt gener­
ates a lot of heat during flasher usage.

Figure 4

R3 controls re set time
(amount of time the brakes
must be off before flashing star ts again).

470QHM

91KOHH

If the brakes have not been
appliedfor fivesecondsor less.
the brake light CHMSL will not
flash. but will come on solid
and stay solid when the brakes
are applied.

TEMIC
U643B

RELAY
COil

470 OHM

TEMIC
U643B

8

030 OHM
SHUNT

the brak es have
not been applied
for 30 seconds or
more. The flasher
flashes at 220
flashes per
minute due to the
bulb current caus­
ing a shunt resis­
to r voltage drop
less than the IC
con trol signal
thr e shold.
Actually, in the
brake light flasher
application , the
shunt resistor can

be replaced with a so lid wire of th e largest gauge that will
fit into the shunt resistor printed circu it boa rd holes. Th is
is advantageous in orde r to redu ce the hea t generat ion
inside the flasher.

If the brakes have not been applied for five seconds
or less , the brake lights will not flash , but will come on
solid . If the brakes have not been applied for between 5
and 30 seconds, the brake lights will flash between one
and eight times , then turn on solid .

The circu it works by turning on the relay co il continu­
ously after an amount of time that is set by R1 and C1. C1
is charged by the oscillating signal coming from the Ie.
This oscillating signal is what ca use s the relay coil to turn
on /off flashing the lights. When C1 charges sufficien tly,
the Q 1 transistor turns on. When Q1 turns on, this turns
on Q2 and applies the positive battery connection to the
relay coil. When the positive battery connection is applied
to the coil by Q2 , the relay stops oscillati ng and stays on .

If the brakes have not been
applied for 30 seconds or
more. the brake light CHMSL
will flash approx imately eight
times at a rate of 220 flashes
per minute. then tum on solid
when the brakesare applied.

GROUND
TERMINAL

BATIERY
TERMINAL

OUTPUT TO
BULBS

Modifications to the Tridon EP35 orcu.t to flash brake light s.

FLASHER
OUTPUT

TERMINAL L-_---'
Should be connected
to CHMSLside
of harness.

FLASHER
BATTERY

TERMINAL +)-,........--.-----r---- +•.7 UF

Should be connected
to brake pedal side
of harness.

RELAY
CONTACTS

FLASHER
GROUND _)-_ -L-_ --I.

TERMINAL

Figu re 5

Modifying the EP3 S
to flash brake lights

You can install an EP35 turn signal/hazard flasher to
flash brake lights without any modifications to the elec­
tronics . However, the brake lights will flash continuously
as long as the brake pedal is pressed. This may get the
attention of ,the police and result in a
ticket. ~Th is is especially true if you
flash all the brake lights on your vehi-
cle . Flashing of the main brake lights
is probably illegal in most states.

It is my personal op inion that you
should only flash the cargo high
mount ' stop light (CHMSL). The
CHMSL is the brake light that is
mounted in your back window. This
will get the attention of drivers behind
you , but will not allow your vehicle to
be confused with emergency vehicles.
Also, if the brake light flasher fails,
only your CHMSL light will be affected
and not the main brake lights .

The EP35 modifications, shown in
Figure 5, will result in the brake lights
flashing approximately eight times at
a rate of 220 flashes per minute, then
turn on solid. This is true as long as

is 30 mW. For a 3/6 application, a typical shunt res istor
value is 15 mW. Figure 3 shows several examples of
shunt resistors used in automotive turn signal hazard
flashers.

The stock EP35 schematic is shown in Figure 4. The
4.7 uF capacitor and the 91k resistor control the normal
mode (no bulb out) flash rate . Increasing either the res is­
tor or the capacitor will cause the flash rate to decrease.
Decreasing either the capacitor or resistor will cause the
flash rate to increase.
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System connection of the brake light
(modified EP35) flasher

CHMSL
BULB OR
LEDS

Figure 6

OUTPUT
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EP35

GROUND

BRAKE
PEDAL
SWITCH

Danny R. Graves is a technical consultant that special izes in electronics.
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The relay remaining on ca uses the bulbs to stay on solid.
To add D2, the printed circuit boa rd trace from the IC

pin 3 to the relay coil positive side must be broken. This can
be done with a Dremel tool or a similar device. The solder
mask coating can then be sc raped off the broken trace
ends with a razor blade. The D2 diode leads can then be
soldered between the broken trace ends. The D2 diode
blocks the positive voltage - supplied by Q2 - from being
shorted to ground by the IC

The R3 res istor can be adjusted to cha nge the amount
of time the brakes must be off before flashing resumes . R1
can be adjusted to co ntrol the number of flas hes.
Increasing R1 results in more flashes since th is increases
the time it takes for the capacitor to cha rge .

D1 is to protect the transistors from the reverse voltage
spike generated by the relay coil. The integrated circuit has
built-in protection so the diode is not required in the stock
EP35 circuit .

The cost of the Tridon EP35 flasher is a roun d $10.00
at an automotive supply store . Even if you buy low qu anti­
ties from Digi-Key, the cost of the additiona l elec tronic com­
ponents required to modify the EP35 circuit is only about
$2.50 (there ma y be minimum orde r requirements) .
Therefore, the total cost of the brake light flashe r is around
$12.50. This is less than half the cost of most commercial­
ly available brake light flashers .

The system connection is shown in Figure 6. Basically,
you just install the brake light flasher between the brake
pedal switch and the CHMSL.
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Flashing of the brake
lights definitely gets more
attention from the drivers
behind you. This enhances
your safety, especially if
you are on a small vehicl e
such as a motorcycle.
Several aftermarket com­
panies are offering brake
light flashers at a cost of
$30.00 to $50.00. With a
little knowledge, minimal
sweat equity, and a few dol­
lars worth of electronic
components, you can
modify a $10.00 Tridon
EP35 turn signal/hazard
flasher to function as a
brake light flashe r. The
user of this information
must assume a ll respons i­
bility of legal and safet y
implications of using such
a device. NV
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Yone who has ever tried to power a piece of high-gain

audio gear with an ordinary department-store power
upply - called a "wall-wart" - knows that the results

are usually awful. Because wall-warts are designed to be sold as
cheaply as possible, they contain only the barest minimum of
filtering . The ripple current that gets through shows up in an
audio output as hum - unpleasant at best, and often intolera­
ble. The solution for powering many portable audio devices is a
power supply that is well-filtered and tightly regulated - a
Small-Wart.

This Small-Wart is designed to supply 7.5 to 9 volts of DC,
at up to 60 rnA. That's as close in smoothness to battery power
as you are likely to need. While it can be used with many con­
sumer audio products , I have incorporated design features that
recommend it specifically to electric guitar players who need to
power a variety of sound effect pedals ("stompboxes") in a stage
environment.

Specifically, I have made it very physically rugged, and with
a detachable AC power cable for easy storage in a gig bag. There
is a "dead-battery" output for powering some types of distortions,
and the outputs are physically isolated from the chassis. This
last feature is important so that different grounding requirements
can be accommodated easily. It is also inexpensive, so that
building more than one to power a board full of pedals is quite
feasible.

Because it is powered from the AC line, the Small-Wart is not
suitable as a first project for a complete novice. In particular, cor­
rectly making the connections to the primary of the transformer
and insulating them carefully takes some skill. You should also
have some experience with tooling and painting a metal case. If
you have built a couple of simpler projects successfully and now
want a line-operated power supply for them, the Small-Wart may
be the ticket.

How To Craft A
Small-Wart

I built the Small-Wart into a cast-aluminum box that is com­
monly available by mail order. It has a screw-on lid, and its sides

Tooling The Case

Figure 4
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The Small-Wart isn't a complex circuit, but it is a power supply
meant for road use; the builder has to be really anal about
mounting, insulating, and fastening down . No test equipment is
needed other than a DVM, but a good set of hand tools and some
skill with crafting a metal chassis are musts.

are ribbed; this construction makes it both extremely
strong and provides slots for mounting small printed circuit
or perfboard assemblies . As you can see in Figure 1, I used
the slots to hold a piece of perfboard on which the trans­
former is mounted. The board is secured with a few drops
of epoxy cement, and the resulting assembly will take con­
siderable abuse if it's built carefully.

Here is how I prepared th e case: First, the ribs on
both ends of the case have to be ground down for mount­
ing the AC inlet and the DC output jacks. While this can be
done with files, it's an awful lot of work; if you don't have a
Dremel or similar rotary hand tool , I strongly suggest either
borrowing one or using this project as a reason to give
yourself a present. The drum-sander attachment shown in
Figure 2 does this job in minutes.

The next step is to make the oval-shaped hole for the
AC inlet. Cutting this accurately is essential , both for
safety and esthetics, so I have specified a particular pa rt for
the inlet and created an actual-size drilling template. You
can photocopy Figure 3 or download the JPEG from my
web site .

Cut out the template, and tape it carefully to one end
of the box. Drill two 1/4" starter holes, as shown in Figure
4. It is possible to do the rest of the cutting with files, but
again , a rotary tool with a high-speed cutter (Figure 5)
does it much more efficiently.

The power inlet should fit snugly into the cutout, and
you can then drill the two holes for the screws that secure
it (Figure 6) .

Figure 7 is an actual-size drilling template for the holes
for the output jacks. If you use the ones I have specified ,
three jacks will fit on the end panel. Fasten this template in
place, drill out the holes with a 1/4" drill, and ream them to
size . The holes are actually larger in diameter than the
jacks, and you 'll see why in a moment.

I created an insulated "platform" for mounting the
jacks by back-filling the holes with fiberglass auto-body
filler (Bondo is a common brand) and then re-drilling the
appropriate-sized holes . To manage this , first prepare the
end of the box by sanding it thoroughly on both sides and
cleaning up with acetone. Then seal off the fronts of the
holes with transparent tape as shown in Figure 8. Mix a
small amount of Bondo according to the directions on the
can and, as shown in Figure 9, spread it ove r the entire
area. It must fill the holes and also cover the back to a
depth of about 1/16". Let it cu re overnight and then sand
smooth.

Using a 1/8" drill and then a reamer, create the new
holes for the jacks (Figure 10). Make sure that the jacks fit
snugly. Sand the rear surface th in enough so that the bush­
ings show, and you can screw on the washers and retaining
nuts (Figure 11). Use an ohmmeter to make sure that there

Conventions/
Hamfests

February 1-2, 2003
Trop ical Hambo ree® 2003. Fair
Expo Center, 1090I SW 24th St.
(Coral Way), Miami, FL. Dade
Radio Club of Miami,
lnc., Evelyn Gauzens, w4wy r
@gzinc .com, 305-642-4139.
John Hall, wd4sfg@bell
south.net, 305-226-5346 .
www.hamboree.org

February 7-9,2003
HamCation 2003. Central
Florida Fairgrounds, 4603 W.
Colonial Dr., Orlando, FL.
Orlando ARC, Hal Prosse , 407­
923-8699 , kk Ib@arrl.net.
www.oarc.org/hamcatlhtml

March 29-30, 2003
Greater Baltimore Hamboree
and Computerfest. Maryland
State Fairgrounds, Timonium,
MD. BARC, 410 -HAM-FEST
(426-3378). General Info:
info@gbhc.org.
www.gbhc.org/

May 2-3, 2003
Trenton Computer Festival™ .
NJ Convention Center, Raritan
Center. Edison, NJ. KGP
Productions, 1-800-631-0062.
www.tcfshow.com/

May 16-18, 2003
Dayton Hamvention®. Hara
Arena Complex. Dayton , OH .
www.hamvention.org/main
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June 13-1 S, 2003
SeaPac Ham Convention.
Seaside, OR. Jim Schaeffer, 503·
245-25 18. www.seapac.org
linform.htm

Robot
Competitions

February 21-23, 2003
Motorama Robot Conflict.
Harrisburg, PA.
emccarron@robotconflict.com
www.robotconflict.com

April 13, 2003
Trinity College Fire Fighting
Home Robot Contest. Hartfo rd,
CT. Jake Mendelssohn,
jmendel141 @aol.com. www.
trincoll.edu/events/robotl

Complete Robot Competition List:
http://robots.netlrcfaq .html

FIRST Robotics
Competition

Regional competitions
begin March 6-8, 2003.

FIRST Regionals

March 6-8, 2003
BAE SYSTEMS Granite State
Regional. Verizon Wireless
Arena . Manchester, NH.

March 6-8, 2003
Buckeye Regional. CSU
Convocation Center.
Cleveland,OH.

March 6-8, 2003
St. Louis Regional.St. Charles
Family Arena . St. Charles, MO.

March 6·8, 2003
Virginia Regional.VCU Siegel
Center. Richmond,VA.

March 13-1S, 2003
Arizona Regional.Arizona
Veteran 's Coliseum . Phoenix,
AZ.

March 13-1S, 2003
Chesapeake Regional. US
NavalAcademy.Annapolis,
MD.

March 13-1S, 2003
UTC New England Regional.
Meadows MusicTheatre.
Hartford, CT.

March 20-22, 2003
Central Florida Regional.
University of Central Florida.
Orlando. FL.

March 20-22, 2003
Great Lakes Regional. Eastern
Michigan University.Ypsilanti,
MI.

March 20·22, 2003
SBPLI Long Island Regional.
Suffolk County Community
College . Long Island, NY.

March 27-29,2003
Canadian Regional. Hershey
Center. Mississauga, ON
Canada.

March 27-29,2003
Midwest Regional.
Northwestern University.
Evanston, IL.

See www.usfirst.org/ for
more information .
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is no continuity between the metal bushing of the jack and
the box.

The last penetration of the case that is needed is the hole for
the on-off switch. To locate this hole, screw the AC inlet temporar­
ily in place. As shown in Figure 12, visualize a vertical line con­
necting the second rib on top and the second rib on the bottom.
With a marking pen, mark a point at the center of this line, direct­
ly in front of the inlet connections.

Use a center punch or scratch awl to mark the center of the
hole , and drill it. I have specified a subminiature switch that
requires a 3/16" hole , and I strongly suggest using this pa rticular
one to conserve space. Make sure that the switch fits the hole
snugly. Most people will want a pilot LED to indicate when the
Small-Wart is on , so you should drill the hole for whatever bezel or
LED holder you want to use. I located th is on one side of the
screw-on lid near the output jacks. The chrome bezel shown
requires a 1/4" hole.

At this point - with all hardware removed - the case can be
painted. I usually do it by sanding and cleaning up with solvent,
applying a primer and then a couple coats of spray enamel, and
baking in a small toaster oven that I keep for the purpose. You can
find detailed "recipes" for finishing metal in many on-line DIY
references.

Putting It Together

The AC inlet goes in first. It is absolutely essentia l that this fix­
ture be held rock-solidly in place and not have any "play" that
would permit it to work its way loose when the power cord is
inserted or removed. If you have a riveting too l, this is a good
application for it. I didn't, so I created the equivalent of rivets by
using solder to lock the threads of the two 4-40 mounting screws.

I have a 35-watt iron , and I heated each screw thoroughly with
it before applying solder and let it melt into the crevices between
the threads. When I was done, I used a cutoff wheel on my Dremel
tool to shorten the screw ends and an abrasive stone to remove
sharp edges. Wear goggles for this! The pieces can and do fly like
bullets! Figure 13 shows the soldering process.

Carefully fasten a rubber foot at each corner of the bottom of
the case. Install the switch, put your goggles back on, and use the
cutoff wheel to shorten the shaft and an abrasive stone to remove
sharp edges. The case should be able to stand on its feet now with
the power switch in either position. Figure 14 shows what the
result looks like.

The piece of perfboard that holds the transformer can be cut
with a sharp scissor. I cut it 23 holes long and 11 wide. Figure 15
shows where I drilled the mounting holes and the holes for feed­
ing the leads.

I prepared the transformer leads by splicing and soldering a
3-1/2" length of #24 wire to each bare lead and insulating each
one with 1/16" heat shrink. Note that the center-tap wire on the
secondary is not used, so it is cut off close to the body. To con­
form the heat shrink to the wire, I used a butane lighter that I keep
available just for this purpose. Figure 16 shows the last splice
before the heat shrink goes on.

The insulated transformer leads feed neatly through the holes
in the board. As I did with the mounting screws for the AC inlet , I
sealed the nuts to the screws by soldering them (Figure 17).
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place with locking tweezers or some other
"third hand," and then solder. The points at
which leads connect to off-board components
are terminated with "flea" clips or other tie
points. When done, the board is screwed down
in the box and is ready for wiring and testing.

I did this before wiring the outputs. With
the transformer secondary leads soldered in
place, I connected a voltmeter between the
+7.5- to 9-volt pin and ground. Then I plugged
in the line cord and turned on the power.
Rotating R1 with a screwdriver gave me the
proper voltage range. I also checked for nine
volts at the "dead battery" pin and made sure
that I got illumination from an LED connected
from the LED contact to ground.

LM337T
FRONT OF CASE

ADJUSTQ DUTPUT
t

INPUT AC IN

Here al-e the board layout and the schematic

Figure 23

LEDI

ANODE

f~

Wiring It Up
I soldered a short length of wire to

one contact of the switch , covered it
with heat shrink, and made the connec­
tion to one side of the AC inlet. Then I
added an extra piece of heat shrink to
one of the transformer primary leads
before soldering the connection to the
other switch contact (Figure 18) .

The heat sh rink slips over the
switch contact and is conformed, heat
shrink is added to the other primary
lead and it is wired to the AC inlet.
Before slipping the transformer assem-
bly into place between the third and
fourth ribs , I sanded in that area on
each side and cleaned up with a Q-tip
wetted with solvent. Then I inserted the
transformer assembly and locked it in
place by applying a few drops of
epoxy cement on each mounting slot
(Figure 19) .

The rest of the construction is a lot easi­
er, because it's on the low-voltage side. I built
the circuitry on a standard piece of perf­
board, which I located just forward of the
transformer. I marked the locations of the
mounting holes with a scribe as shown in
Figure 20.

The circuit board is held in place by four
threaded aluminum studs that a re secured to
the bottom of the box with epoxy cement. To
get good adhesion, I prepared the locations
where the studs mount by sanding lightly and
cleaning up with solvent. Then I screwed the
studs to the board as shown in Figure 21 .

I cleaned the bottoms with sandpaper and
solvent, applied a drop of epoxy cement to the
bottom of each one, and gentl y set the assem­
bly in place. When the adhesive had cured, I
was able to remove the screws and reinforce
the studs with more epoxy. The result looked
like Figure 22.

Next, I built the circu it board. Figure 23 ,
(on next page) , shows - in x-ray view - the
layout that [ used. I suggest that you stick with
this arrangement, because it puts the inputs
and outputs where they need to be and gets
all the components connected without
jumpering.

Figure 24 and Figure 25 show the top and
bottom of the board.

When you wire po int-to-point in this way
on perfboard, do not wrap connecting wires
around components; it wastes space and can
cause shorts. Butt a connecting lead against
the point to which you are soldering, hold it in
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Parts List - The Small-Wart

Uses And Possibilities

Wiring The Outputs power both a positive and a negative ground pedal from the
same Small-Wart; that would short the output. So I do rec­
ommend that you build a second Small-Wart if you use a
mix of pedals with different grounding schemes. Yes, since
the outputs are isolated, you can use the standard version
for powering positive ground pedals by reversing the output
leads. However, sooner or later, you are likely to want sepa­
rate , dedicated units. The positive-ground version of the
Small-Wart is built in exactly the same fashion, except:

• The polarities of the bridge rectifier and the elec­
trolytic capacitors are reversed.

• An LM337T negative adjustable regulator is used .
The layout, shown in Figure 28 , is slightly different,

because the input and output pins are reversed on the
LM337T.

You will want to have a few of these availa ble, usua lly
about three-feet long. The specified plug has a 2.1 mm
diameter inside, and it mates correctly with the output jack
shown on the Small-Wart side. Depending on what you are
powering, you may need a different type of plug on the
equipment side . Since I use 2.1 mm power jacks on all my
gear, I use the specified plugs and wire them shell-to-shell
and center-to-center. The cable is a #22 zip cord that is
commonly sold for connecting miniature speakers. Some
brands lD the conductors with a stripe on one of the leads,
while others have one tinned lead and one bare copper.
Musicians will want to ID the plug barrels for easy tracing in
stage environments, and this can be arranged either with
colored heat shrink tubing or a liquid plastic/rubber coat­
ing such as is used to put handles on metal tools.

I used 1/4" heat shrink as an inner "jacket" and 3/8"
material as an outer cover over the barrel. In order to pass
the 1/4" material through the rear hole of the barrel, I had
to ream it out slightly.

To use the liquid coating, I slipped a 1" length of heat
shri nk over the strain relief of a plug. Then I assem bled it
(pulling the heat shrink out the end with chain-nose pli ers),
cleaned it with a little alcohol, dipped and hung it accord­
ing to the manufacturer's instructions, and let it harden
overnight. Cut off the closed end , and you have a profes­
sional, close-fitting result. NV

Patch Cords

Acknowledgements and References
To R. G. Keen, for inspiring the project and suggesting the use of the
rubber coating on the plugs. His article at www.geofex.com explains
the theory behind the "dead battery" output.To Mark Hammer for looking
over the o riginal prototype and suggest ing a number of
valuable design ideas , and to the crew at www.dly
stompboxes.com for their suppo rt and inte rest.

A complete kit containing all of the listed parts (including assorted
colored heat shrink. wire, and plugs for three patch cords) is available for
$44 .95 plus $5.00 shipping in the US. Checks or money orders to :

Small Bear Electronics
123 Seve nt h Avenue # 156, Broo klyn, NY I 1215

O r PayPal to smallbearelec@ix.netcom.com. Rates for
overseas shipping and prices of individual parts can be fo und on -line at

www.smallbearelec.com.

Mouser 625-W005G

Mouser 72-T20YP-200

Mouser 41PG006

Mouser

Mouser # IOTe405
Mouser 163-4304
Mouser 1710-2131
Pro's Kit # 125B (jameco,

Webtronics)
Mouser 534-1450A or Jameco

pIn 143360
Mouser 517-SJ-5023

Qua ltek, Mouser 562-77001
Mouser 173-21 101

Suggested Mfr. Part
Numbers
Mouser 72-T20YP-500

1/4" high x 4-40 threaded spacers

Square rubber feet
LED holder or bezel
AC power inlet
AC power cable
Pad-per-hole perfiboard
Perfiboard for transform er support
Flea clips
Heat shrink tub ing - 1/1 6",3/32", 1/8", 3/8"
# 22 gauge zip cord
Hook-up wire

All fixed resistors 1/4 watt
5% tolerance
RI - 500 ohm trimmer potentiometer
R2 - I. IK
R3 - 240 ohms
R4 - IKto 18K (see te xt)
R5 - 200 ohm trimmer potentiometer

C I - 1000 mFd 35-volt radial electrolytic
C2, C3 - 10 mFd 16-volt axial electrolytic

BRI - 50 PIV bridge rectifier module
VR - LM317T adjustable voltage regulator

T I - transformer. I IN to I2 VCT 60 mA

LEDI - see text

5 I - SPST toggle switch
DC power putput jacks. 2.1 mm center
DC power plugs. 2.1 mm center
Case

This will vary some with your application. The socket
that I specified has three contacts, because it includes a
normally-closed swi tch. When the socket is used in a bat­
tery-powered device, the switch disconnects the battery
when a power plug is inserted. We are using the socket as
an unswitched output, so only two contacts are used
(Fi gure 26).

For most applications, the center contact will be the
common negat ive. Since I intended to use the Small-Wart
to power gui tar stompboxes, I wired the +7.5- to 9-volt out­
put to the positive contact on two of the sockets. Figure 27
shows the wiring just after I started.

And Figure 1 was taken when I finished. All of the cen­
ter posts are wi red in parallel and connected to the com­
mon negative, and the "Dead Battery" ou tp ut is wi red to the
po sit ive contact of th e third socket.

To anticipate a question : Yes, you can drop the out­
put voltage to the six-volt range; just reduce R2 to 680
ohms. This lowers the voltage range to about 4.8 to 7.5
volts - making the Small-Wart useful for powering many
devices that would normally require four of those always­
gett ing-weaker AA penlights.

Many guitar players will want to create a positive­
ground version of the Small-Wart for powering certain mod­
els of disto rtio ns, in particular, germanium Fuzz Faces and
Ton e Benders. To antici pate another question: You can 't
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Selected Titles for the Electronics Hobbyist and Techni ci an-

The Nuts & Volts Hobbyist Bookstore

Understanding Au tomotive
Electronics Fifth Edition

by W illiam B. Ribbens
This edition of Understanding Automotive
Electronics covers the most
recent technological
advances in o perati on and
troubleshooting of electronic
systems and components.
This is a practical text,
suitable for the automotive
technician, student or enthu­
siast. It includes low-emission
standards, o n-board diagnostics and
communi cations, digita l instrumentation, and
digital engine control. $ 34 . 9 9

Guide To Understanding
Electricity & Electronics

by Randy Slone
For the true beginner,there's ,--- - ---.....
no better introduction to
electricity and electronics .
You'll also find 25 complete
projects that enhance your
electricity/electronics mas­
tery, including 15 new to this
edition, and appendices
packed with commonly used
equations, symbols, and sup- ......"-'...........~-""""

ply sources. $24.95

High Voltage
Homemade Lightning: C reative

Experiments in Electricity
by R.A. Ford

Enter the wide-open fron­
tier of high-voltage elec­
trostatics with this fasci­
nat ing,experiment-filled
guide.You'll discover how
to make your own equip­
ment, how electricity is
used in healing, and the
workings of many experi­
ments in high potential
physics! $24.95

Miscellaneous
The Hacker Diar ies: Confessions of

Teenage Hackers
by Dan Verton

Through fascinat ing inter- -----­
views with FBI agents,
criminal psychologists, law- I""~I!J!I!II!

enforcement officials-as
well as current and former
hackers-you'll get a
glimpse inside the mind of
today's teenage hacker.
Learn how they think and
understand the internal
and external pressures
that pushed them deeper and deeper into
the hacker underground. $2 4.9 9

Radio & RF

The Nuts & Volts of BASIC
Stamps Vol. I & 2

In 1995, Scott
Edwards began
authoring a
column on BASIC
Stamp projects in
Nuts & Volts
Magazine.The col­
umn quickly
became a favorite
of Nuts & Volts readers and continues today
with Jon Williams at the helm. The Nuts and
Volts ofBASIC Stamps is a collection of
about 75 of these columns.

Call 1 -8 00-7 8 3 - 4 6 2 4 today! or
order online at www.nutsvolts.com

Electronics
Encyclopedia of Electronic

Circuits Vol. 7
by Rudy Graff

Designed for quick
reference and on-the-job
use, the Encyclopedia of
Electronic Circuits ,
Volume 7, puts over
1,000 state-of-the-art
electronic and integrated
circuit designs at your fin- .
gertips. This collection
includes the latest designs
from industry giants such as Advanced
Micro Devices, Motorola,Teledyne, GE, and
others, as well as your favorite publica­
tions, including Nuts & Volts! $39.95

Secrets of RF Circuit Design
3rd Edition by Joe Carr

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

PIC Microcontroller Project Book
by John Iovine

This project-oriented guide gives you 12
complete projects, including: using transis­
tors to control DC and AC motors, DTMF
phone number logger and
distinct ring detector and
router ... home automa­
tion using X-I 0 commu­
nications ...digital oscillo­
scope ...simulations of
fuzzy logic and neural
networks ... and many
other applications.
$29.95

Robotics

WE ACCEPT VISA, MC, AMEX
Prices do not include shipping
and may be SUbject to change.
Ask about our 10% subscriber

discount on selected titles.

Program m ing & Cust om izing
PIC m icro Microcont rolle rs
2nd Edition by Myke Predko

This book is a fully
updated and revised
compendium of PIC pro­
gramming
information.
Comprehensive coverage
of the PICMicro's
hardware architecture
and software schemes
com plement the host of
experiments and projects
making this a true, "learn
as you go" tutorial. $49.95

Programming & Customizing the
BASIC Stamp Computer

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

T he Robot Builde r 's Bonanza
by Go rdon McComb

A major revision of the
bestselling "bible" of ama­
teur robotics building ­
packed with the latest in
servo motor technology,
microcontrolled robots,
remote control, Lego
Mindstorms Kits, and other
commercial kits. $ 24.9 5

Programming & Cust om izing the
HC I I Microcont ro lle r

by Tom Fox
Applications bazaar for the
68HC I I microcontroller.
Squeeze every drop of
power out of Motorola's
wildly popular family of
68HC I I true 8-bit single
chip computers! From
basics to complete
applications . $3 9.95

Microcontrollers
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An exciting look at t~e latest in w~at X·I0~as to offer by Dennis Shepard

t·'0 Has Gone Wi,eless

3

2
Wireless Field
Devices

There's much to choose from here! To start
with, X-10 makes a SlimFIRE Keychain
Pocket Remote model #KR19A (Figure 2)
for $19.99. It attaches to your keys and slips
into your pocket or purse. lt has two consec­
utive channels for ON-OFF control and has Brighten and
Dimming functions, as well.

It can be set for any House Code and Channel # , the
only restriction being that Channel 2 is automatically and
always one number above Channell. In other words, if
Channel 1 is set for 4 ... Channel 2 is automatically set for
5. That's not much of a restriction and seems to work out
quite well. This would be a good place to recommend a
practical application for this device.

Simply replace your light switch in your garage with
an X-10 lamp module, install your TM751 in a convenient
location, and you can use the keychain remote to light
your garage at your convenience. Garage door openers
are nice , but sometimes you need a lot more time or a lot
more light. I've got four 100-watt incandescent lamps in
my garage because sometimes I need that much light.
However, not at 5:00 AM when I take my
kids to daycare. That's when the Dimmer
function really comes in handy!

Next on the list is the SlimLine Wall
Switch model #SS 13A (Figure 3) , also
for $19.99. It consists of a standard­
sized switchplate that controls three
channels, as well as Brighten and
Dimmer functions . It 'sticks' to the wall
with two self-adhesive pads located on
the back of the unit. And it's only about 1/4"
thick and uses a 'large calculator style' battery
which slips in the bottom! Did you ever want a light switch
on the wall next to yer' bed? Well, here's your
chance! It's programmable as well for different
House Codes and Channel #'s.

X-10 even makes what many consider to be
the ultimate remote control unit , the 8-IN-1
Learning SuperRemote model #UR24A (Figure
4) for only $24.99. This is one of their best
bargains in my opinion since it incorpo-
rates remote control of TV, VCR, Cable, 4
Aux I, Aux 2, CD, Digital Satellite

.0.

Wireless Transceiver
Interface

A s an electrical contractor and licensed X-10 Pro
Installer, I get to work with X-10 extensively. As
the owner of Shepard Engineering Concepts,

I've designed several X-10 interfaces including the X-10
Voice Recognition Control System in the Dec. 2000 issue
of Nuts & Volts (which is available on the 'chalkboard'
section of their website) , and a Visual Basic computer
interface which is located on my website @ http://
horne.att.net/-dennls.shepard.

As you might imagine, my home is fairly well-auto­
mated with X-10 and Voice Recognition technology. One
of the nicest features , though, is the ability to do wireless
X-10 including motion detectors, 2.4 GHz color video
cameras, and VCR Commanders to record the action
once the motion detector triggers it! So, let's get started
with the basics and we'll go from there.

X-lO's model #TM751 (Figure 1) is a 3" x 2" x
1" device which plugs into a wall outlet and lists for
$12.99 on X-10's website @ http://
www.xlO.com. Located on the front is a
16-position rotary switch for the 16 differ­
ent House Codes A-P. Also located on the
front of the unit is an ON-OFF push-button
switch which switches up to a 15-amp load
using a two-prong socket located on the
bottom. On the right-hand side is a small
telescoping antenna.

This device will receive wireless signals
from the different devices and send the appro­
priate X-10 commands over the power wiring.
The devices it will receive from include keychain
remotes, motion detectors, slimline switches, and many
others. This means it will send all X-10 commands such
as Channel #, On, Off, Brighten, Dim, All Lights On , and
Everything Off for whatever House Code it is set for!

The TM751 will also respond directly from any wire­
less device set to Channel 1 and its House Code. This
means that anything plugged into its two-prong socket
can be controlled on Channel 1 of any wireless device
with the same House Code. This transceiver and another
wireless device may be all you need. Now ... let's take a
look at a few of those wireless devices which are available
from X-10.
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orders included the camera, pan-n-tilt base, motion detec­
tor, and receiver for only $79.99.

There are two different receivers available for the X-I0
cameras. The small Video Only Receiver is model #VR36A
(Figure 8) and sells for $49.99. It produces a composite
video signal on a standard RCA phono jack.
The Audio/Video Receiver model
#VR31A (Figure 9) outputs both
composite video and a modulated
RF signal for Channel 3 or 4. It also
outputs a monaural audio output
signal. Oh , by the way, did I forget to
mention the cameras have built-in
microphones, as well! Sorry about
that!

Th is would be a good time for another application sce­
nario. The motion detectors can be programmed to turn
on the power supply for the video
cameras. And they can also be
used to turn on the VCR
Commander model #UX23A
(Figure 10) which sells for
$49.99. This unit accepts wireless
signals directly from your motion
detector and controls your VCR to
enable it to record the action.

The unit itself has a small antenna on the back with
connections for signal output and line power. It also oper­
ates on batteries. There's an LED on the back, as well, and
is used to 'train' the unit to accept the PLAY, RECORD, and
STOP functions from your VCR's remote. The top of the
unit has push buttons for PWR, REC, PLAY, and STOP, as
well as a red 'status' LED.

Basically, you select the function from one of the pro­
gramming buttons on top of the unit, and program the
Commander for that function by pressing the button on
your VCR remote. It's
stored in memory and is
output to the VCR via an
adhesive-mounted LED.
The LED is 'stuck' to the
front of your VCR's
detector window (Figure 11), so it essentially mimics your
VCR's remote via X-I0 control.

Now, if you 've got multiple cameras, X-I0 has got
something else for you , as well. The Camera Control
System Remote Control model #CR12A
(Figure 12), which came with a camera
package, works in conjunction with the
programmable power supplies for your
cameras. Up to four cameras at
a time can be controlled by ~_...-,

the unit. And they can be
scanned automatically, as
well.

Essentially, the unit is set
up to program your cameras
as Channelsl-4. You simpl y
select the Channel # you want and the unit will turn on the
one selected and turn the other three OFF. You can also

5

On With The Show

Let's Get Into Mot ion

X-I0 has two different models of thei r
'Hawkeye' series motion detectors . There's
an indoor unit model #MS I3A (Figure 5) for
$19.99 and a weather resistant outdoor
model #MS I4A (Figure 6) for $24.99. The
indoor unit is white and the outdoor unit is
a charcoal grey color. Both units are iden­
tical in appearance and function except
for their environmental ratings.

A red LED is located at the top of each
unit an d a green LED is located inside the
translucent 'window' which uses 'passive 6
infrared detection' to operate. Unlike ultrasonic
motion detectors, these un its don 't emit an y signals and
therefore can't be detected beforehand! That's kinda'
important if you're using them for security purposes. More
on that later in the article.

Inside each unit is a compartment for two 'AAA' bat­
teries and two small push-button switches labeled as
HOUSE/ON and UNIT/OFF. These switches will allow you
to program all the features you want. The default setting is
House Code 'A' and Channel 1. The unit also contains a
photocell to allow detection 24 hours/day or dawn /dusk.

The default setting is to detect motion all the time. It
can also be set to control using the photocell only. And it
has a programmable time dela y for 1-256 minutes after it
stops detecting motion befo re it sends an OFF command.
Like I said before, all the programming featu res you want!
And you can even replace your keychain remote for your
garage, if you so desire.

Miniature surveillance cam­
eras are nothing new to electronic
enthusiasts. However,
what's new are the fea-
tures they carry. X-I0 _
has got to have some of
the most visionary engineers ,
because everytime I look at their
website , they 've come up with ........
another good idea!

The 2.4 GHz Instant
Camera model
#XCI 8A (Figure 7)
with programmable
power supply is
available for
$69.99. However, there
are lots of 'package ' deals
available. One of my

Systems, and X-I 0 controls. The y've got a pretty fair listing
of the 'codes' for various devices, so programming is easy!
Once again, all these wireless devices require the TM751
to receive their signals and control the various X-I0
devices in your system.



Ninja Pan-n-Tilt

program your cameras as Channels 5-8, 9-12, and 13-16
to use them in a separate scan sequence.

Never Get
Stuck in
Traffic With
New Real·
Time Traffic
Product

A new real-time navigation product
by Mapopolis.Com, Inc., could

virtually eliminate time spent waiting
in traffic jams for its users . The new
product act ively searches for acci­
dents , slow downs , and construction
on the user's route and re-routes
them, if necessary to avoid it.The new
product will be available to consumers
in the first quarter of 2003 ($19.95 per
month) . It is a turn-key, PDA-based

solution including real-t ime traffic and navigation for all major US
metropolitan areas.

"You may never have to wait in traffic again," said
Mapopolis.Com, lnc., Vice President, Jeremy Straub , "while the
product can't pred ict - or prevent - traffic problems, as long as
the accident has been there for a few minutes, you most likely
won't have to wait for it."

The software doesn 't just avoid accidents though, it deter­
mines the best way to get you there - be it navigatingaround the
accident, or waiting for it.The software incorporates proprietary
new routing technology developed by Mapopolis. When an
accident is detected, the software alerts the user and, depending
on user-configurable parameters, will either present alternative
routes or begin automatically providing new instructions.

The new product builds on the existing Mapopolis Navigator
for Pocket PC and Platinum +GPS products currently available
from the company, and includes complete US map coverage along
with the real-time traffic data .

Win a Free Copy of Final Cut Pro 4.0

The Contest
Enter the contest on t he company's website: www.dr
rawstock.com.The contest will continue until February 28,2003.
Complete contest rules are available on the entry form .

Dr. RawStock has launched a contest to give away Apple Final
Cut Pro 4.0 upgrades . "We thought it would be fun to launch

a contest where the pr ize was a yet-to-be-announced piece of
softwa re - Final Cut Pro 4.0 - which has been shrouded in
secrecy and hidden away in the vaults in Cupertino, CA. We 'll
give five lucky peop le a comp lete 4.0 upgrade when it becomes
available. Our contest is simple; guess the date when you think
Final Cut Pro 4.0 will be anno unced .The first five people to guess
the actua l date or closest to the date willwin," said Lowell Kay, Dr.
RawStock's President.

software is the MacroRecorder which lets you issue a
series of commands, record them, and play them back as
a single command. Pretty neat stuff!

And last but not least, the X-Ray Vision software for
$69.99. It lets you view a single camera in real time over
the Internet. But it's expandable to view up to 16 cameras
by turning on and off the programmable power supplies.
And the images can be updated every 10 seconds of real
time . That's pretty fast ove r the Internet.

But this is only the beginning. Build your own system
and befo re you know it, you'll be ready to have the
automation of your dreams in your own home. And that's
something to dream about! NY

Next month, look for Michael Gardi's article on
adding a web interface to your X IO-based home
control system.

14

The Ninja Pan-n-Tilt Camera Base model #VK74A
(Figure 13) for $79.99 is just
about the coolest th ing you've

ever seen! It's an accurate servo­
controlled positioning system for

mounting to an X-I0 camera. It will
rota te 240 degrees and will tilt up
and down 130 degrees. It comes
with the Pan-n-Tilt Remote Control

model #CRI4A (Figure 14) which
lets you control the 'system.

13 You can use the four blue buttons
to manually select the view, or you

can actually program it to go to specif­
ic positions and scan to those positions
automatically. You can do so much
with this un it, that I'm not even going to
try to describe all its features. Suffice it
to say ... you won't be disappointed.

Software And
Systems

At th is po int, just about anything you
m ight im agine can be done with X-I0
devices. The PC Video/USB Adapter Kit
model #VAllA sells for $69.95 It's used with the Pan
TiitPRO, WebView, MultiView, and Xray Vision software
packages. It simply plugs in between your receiver and
USB po rt of your computer.

The Pan TiitPRO software package goes for $49 .95
and includes a model #CM19A PC Transceiver as part of
the system. They offer a pa ckage deal which includes the
PC/USB Video Adapter for $99.99. This system allows
you to access up to four cameras and use the Ninja Pan­
n-Tilt system over the Intern et. It even allows virtual
ZOOM with 100-400% scaling and requires a 10-digit
code AND password to view, so it's pretty well encrypted.

The MultiView software goes for $99.99 and includes
features like monitoring fou r cameras simultaneously and
full sc reen zooming of any ca mera. And you can set it up
with motion detection to rec ord images every two sec­
onds for 20 seconds , for example. Complete with time
and date stamp! Hardwa re requirements also include a
TM 751 Transceiver module and a Firecracker PC
Interface model #CM17A.

The WebView software is an upgrade to the MultiView
and sells for $79.99. As its name states, it's an Internet
version of the package. You can also send commands to
your other X-I0 devices in your home over the Internet.
It's quite a sophisticated package for the money.

The Firecracker PC Interface model #CM17A sells for
$49.95 and includes a Palmpad Remote, PC Interface, a
lamp module, and a Wireless Link Module. You can con­
trol everything from the Palm pad or your Pc. Additional

1-- - +---
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Explore the long-range voice
and data capabilites in the
weak signal portion of the
radio bands.

am operators who have passed "only" the
Technician class no-code license are discover­
ing there is a lot more excitement out there
than just yakking back and forth over an FM

repeater. Someone has told them there are all sorts of long­
range voice and data capabilities in the "weak-signal portion
of the bands." You know, the very bottom of the six-meter
band, the two-meter band, the 222 MHz band, the 430 MHz
band, and even excitement at the top of the 1.2 GHz band.
No repeaters and definitely no FM!

The bottom of the VHF, UHF, and microwave ham
bands is where weak-signal operators congregate and pull
off some exciting long-range contacts. Instead of frequency
modulation that is plagued with phase distortion over diffi­
cult paths and takes up a minimum of 10kHz of bandwidth,
weak -signal voice operation uses exclusively upper side­
band. Typical bandwidth of a properly-modulated upper
sideband signal is under 2.8 kHz, so noise is cut by 66 per­
cent and your transmitter only puts out power on the sylla­
bles you modulate with your microphone. And to further
reduce electrical interference from power lines and spark­
plug noise from automobiles, weak-signal operators using

upper sideband all employ horizontally-polarized antennas.
For mobile operation, VHF and UHF loops are an effective
way of radiating an omnidirectional signal, but polarized
horizontally. For home station use, beam antennas are sim­
ply switched 90 degrees so their elements are parallel to the
ground below.

One of the biggest boosts to the Technician class oper­
ator working upper sideband and data on the weak-signal
portions of their bands is new multi-mode equipment from
big name ham radio manufacturers:

• Alinco - HF + 6m
ICOM America - HF + 6m + 2m +

430 MHz
Kenwood Communications - HF +

6m + 2m + 430 MHz + 1.2 GHz
• Ten-Tee - 2m multi-mode
• Yaesu Vertex - HF + 6m + 2m +

430 MHz

Most of these manufacturers produce a 100-watt, high­
frequency transceiver, and include multi-mode capabilities
on six meters, two meters, and 430 MHz. The bigger units
might also take a separate 1.2 GHz band unit , too. But what
has probably attracted the most new hams to the VHF and
UHF weak-signal portions of the band is the unbelievable
low pricing of this gear, fostered by Yaesu Vertex and (COM
America waging a wonderful price war with the Yaesu FT­
100 and the ICOM IC-706 MK IIG priced around $800.00
with included monthly free accessory deals. In years past,
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$800.00 would only buy a two-meter/440 MHz weak signal
and satell ite radio . Now th is price buys you 100 watts on all
of the worldwide ham bands , plus mo re power than you
need for the VHF and UHF bands , too , all in one nice, neat
package . Lately, Yaesu is even add ing more excitement by
taking the ir HF + 6m + 2m + 430 MHz eq uipment and offer­
ing it with se lf-conta ined batteries for absolutely po rtable
weak-signal work! Yaesu 's lates t HF + 6m + 2m + 430 MHz
transceiver - the Ff-897 - has capabilities of eight-amp
hours of internal battery power, swell for backpacking and
taking your comms with you .

On the six-meter band, weak-signal , upper-sideband
voice is centered on 50.125 MHz calling frequ ency. During
the winter and summer, six meters regularl y experiences
skywave refraction from the ionosphere, and weak-signal
operators are easily able to communicate for hours over
distances beyond 1,500 miles. Sometimes , double-hop
skywaves will lead to no-code Technician class operators
speaking halfway around the world for hours on end down
at the weak-signal portion of the six-meter band.

6 Meters - A Guide To The Magic Band - a book
authored by Ken Neubeck WB2AMU - expla ins all!
(Worldradio Books, P.O. Box 189490, Sacramento, CA

95818; $12.00.) Weak-signal operators who really get seri­
ous about six meters ma y put up giant quad antennas and
regularly work the world via daytime and evening ionos­
pheric E-Iayer and F-layer refraction band openings.

On two mete rs, upper-sideband weak-signal work is
found arou nd the calling frequency 144.200. Many nets
are found on 144.240 and 144 .250, and all operato rs are
exclusively ho rizonta lly pola rized.

The excitement of two-meter weak-signal work might
be the short-lived sporadic-E skywave contact over 1,500
miles. But these are rare occurrences, and they only las t
for a few minutes. But two-meter long-range excitement
that is qu ite common throughout all of the United States is
tropospheric ducting and weather front long-range con­
tacts. As our atmosphere stratifies from a high-pressure,
warm-air subsidence inversion , two-meter signals may get
caught up in the tropo spheric duct and travel for hundreds
of miles. Approaching cold fronts mixing with moist warm
air coming up from the south collide and may sometimes
trigger two-meter paths that extend well beyond 1,000
miles!

And for those of you who live close to the Canadian
border, ionospheric auroras will sometimes create powerful

MEGAWATTS TO MICROVOLTS
AT HAARP

I n A laska, scientists beam megawatts
into the io nosphere and measure the

results in microvolts at their receiving sta­
tions. HAARP stands for High Frequency
Active Aurora Research Prog ram.

"T he HAARP is committed to devel­
oping a world-class ionospheric research
faci lity, consisting of a high-power tra ns­
mitter system operating in the hig h-fre­
quency range, and diagnostic instru­
me nts that will be used to observe the
physical process that occurs in the iono­
sphere," comments Mich elle
Engebre tson, a HAARP site coordinator.
She is an em ployee of Advanced Power
Technologies, Inc ., a non-governmental
agency which was running the operation
du ring my Al aska visit. When you enter
the HAARP facility, yo u don't get the
appearance that there's anything govern­
mentally secret going on here - no fin­
gerprint checks, no background checks,
no metal detector checks. Just drive up
to the locked gate and ask for a visit.

High-frequency transmitter racks
produce up to 3.6 million watts of power
between 2.8 MHz to 10 MHz . Fire-hose­
sized coa x cables go out to the antenna
network directly above the transmitters.

Huge racks of filters attenuate har­
monics and spurious signals by at least
80 dB , and any spurious or harmonic sig­
nals above 45 MHz must be attenuated by
at least 120 dB. Signals from 88 MHz to
200 MHz must be attenuated by 150 dB.
Th e HA A RP faci lity is keenly sensitive
that the massive amount of transmitter
power must not interfere with ongoing
communications by other rad io users on
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both HF, as well as harmonic prod­
ucts on VHF and UHF.

There are acres of phased-array
antenna systems that conduct steer­
able radio beams to search the iono­
sphere. The antenna system is a rec­
tangular Planar array of 180 ele­
ments, arranged in 15 col umns by
12 rows , spacing between each ele­
ment at 80 feet.

Each of th e 48 elem ents are
crossed dipol e antenna s, oriented
north and south, east an d west.
There are separa te crossed dip oles
for th e low-frequ ency 2.8 MH z to 8
MHz bands , and sm aller dipoles for 7
MHz to 10 MHz.

T he phased array allows an
antenna patt ern with a beam width
of 9-30 degrees, beam steering of 30
degrees from vertical. Com puters in the
m ain building allow technicia ns to steer
the transmitted signal anywhere in the
sky. I asked whether or not they actually
could create an aurora, and they said that
there was absolutely no way man can do
what only nature does best.

The skybound signals are partially
absorbed at an altitude between 100 to
400 kilometers, depending on what fre­
quency they are operating on . The inten­
sity of the high-frequency signal in the
ionosphere is less than three mic rowatt s
per centimeter squared. T his is tens of
thousands of times less tha n th e sun 's
natural electromagnetic radi ation reach­
ing the earth, and hundreds of tim es less
th an even normal ran do m vari ations in
int ensity of th e sun 's natural ultravio let
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energy. In other words, when the HA ARP
facility is tra nsm itti ng, refl ection s fro m
the ionos phere won't be cooking your
body or lighting up your livi ng roo m .

Du ring my visit to the HA ARP facili­
ty, they were exploring the 80-kilometer
level of the E-Iayer wh ere Sporadic-E
clouds ma y form. It was also indicated
th at a few m onths before my visit they
were bouncing sign als off of th e iono­
sphere and could even detect aban doned
mines throughout the state of Alaska. But
again, I was assure d this was more for
m eteoro logical and geological ex p lo ­
rati on , as opposed to any secret military
over-the-horizon radar opera tio n.

The visit to HAARP was an unbeliev­
abl e experience of look ing at the largest
antenna system I have ever seen, aime d
straight up!



SO-231

Once you've
learned ho w the

Smartuner works,
yo u won't want
anything else!

* 1

Two-meter ho rizon tal beam reached out over 400
miles during so me mountain topping tropo event.

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

the United States, log onto the Western States Weak Signal
Society web page at www.wswss .org , or write them at
WSWSS, P.O. Box 5594, Sherman Oaks, CA 91413-5594.

Finally, licensed hams who work weak-signal operation
regularly contribute many breakthroughs in exploring our
airwaves and the ionosphere. My recent tour of Alaska saw
ham operators at HIPAS beaming megawatts of energy into
the ionosphere, developing the ir own mini-aurora. Same
thing with the experiments at HAARP several hundreds of
miles way - ex periments from high freq uency to
microwaves to better understand all that the ionosphere is
above us. There is usuall y a licensed ham operator behind
every satellite and space experiment!

If you are a ham, listen in on VHF and UHF weak-signal
operation and join in. NY

No Compromise Communications

•

Visit www.sgcworld.com for more information on the entire line of Smartune rs

SGC Inc. 13737 SE 26th si.Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425- 746-6384
sgc@sgcworld.com www.sgcworld.com

Smart Choice! Smartuner!
Do YOU want to be heard? OF
COURSEI Then use the sac
Smartuner" - the Essential link
between your HF transceiver
and antenna. Matching at the
transce iver is good, but matching
at the antenna is better. sac
Smartune rs are designed to do
just that. They operate com­
pletely independently to provide
the best match between the feed
line and the antenna , eliminati ng
SWR problems completely.
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six-meter and two-meter band openings that may last for
hours over hundreds of miles of distance. But if you 're in
Alaska and the aurora is overhead, you migh t as well turn
off the rig and go out and enjoy the sights.

On the 70 cm ham ban d, weak-signal operators using
upper sideband and the horizonta l polarization hang out at
432. 100 MHz - the calling frequency. Again, everyone is
horizontal so you wouldn 't hear much with a vertical anten­
na . A simple horizontal loop for home use will pull in sta­
tions hun dreds of miles away. Plenty of tropospheric duct­
ing on 432.1 MHz and, like two meters, local meteor show­
ers and meteor storms will raise a tremendous amount of
activity that may last for seve ral seconds during the meteor
"burn. " The recent Leonides meteor storm last November
brought in some record-breaking contacts on the 440 MHz
band using CW, data, and upper sideband.

On the 23 em , 1.2 GHz band, the weak-signa l hangout
is not at the bottom of the band, but rather near the top and
1296.1 MHz. This is the calling frequency, and again the
mode is upper sideband and polarization is exclusively hor­
izontal.

Even though you might have a multi-mode transceiver
capable of listening to 1296.1 MHz USB, you won't hear
squat on a vertical antenna because everyone else transmit­
ting is horizontally polarized. But when you do hear stations
talk ing on 1296. 1 MHz, you will discover the weak-signal
excitement of th is band by listen ing to operators bouncing
thei r signals off of nearby buildings , distant mountains , and
even banking signals around small hills and into valleys .
Ground reflections make operating 1.2 GHz fun and exciting
for weak-signal work.

The 222 MHz ba nd and the other ham bands above 1.2
GHz all require a transverter to bring these frequencies into
the range of what you pick up with your HF + 6m +2m + 430
MHz mobile or base trans-
ceive r. There is a modest
amount of activity of weak-
signal work on the 222 MHz
band, and microwave
enthusiasts have gone to
all-time highs to explo re
point-to-point wea k-signal,
upper-sideband, and CW
operation at 10,000 MHz
and 24,000 MHz. Imag ine
yakking across town on fre­
quencies ma ny bands high­
er than your microwave
oven!

The weak-signal net
co nt rol operators encour­
age everyone with one of
those HF + 6m + 2m + 430
MHz transceivers to try to
tune into their Sunday night
and Monda y night net s just
above the ca lling frequen­
cies. For a list of nets , as
well as comp anion weak­
signal groups throughout
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Light-Emitting Diodes (LEOs) have been around
since the mid-I 960s. They have nearly replaced
incandescent lights as indicators and in digital
displays.They're even making inroads into AC
line-operated lights. In particular, tra ffic stop­
lights are now often made with LEOs. However,
LEOs are not incandescent lamps.They have
many qualities of their own, some quite surpris­
ing. This article will discuss the general character­
istics of LEOs, practical applications, and some
of the more unusual applications. The emphasis
will be on nformation that may be fundamental,
but is rarely discussed.

Basic Stuff

It's important to remember that an LED is a quantum
device . That is, is works because of quantum characteris­
tics of the particular atoms/molecules that make up the
LED. This makes it much more efficient that an incandes­
cent lamp. It also means that its operation is completely
different. LEOs have a threshold voltage below which it
simply won't operate. This forward voltage is directly
dependent on the color of the LED (given the sa me semi­
conductor material ). The redder the LED, the lower the for­
ward voltage. Infra-red (lR) LEOs have the lowest forward
voltage of about 1.2 volts. Blue LEOs have the highest at
about 5.5 volts . But, there is variation depending on cu r­
rent and temperature.

LEOs have a maximum current rating and requi re cur­
rent limiting or else they can be destroyed. The simplest
method is to use a resistor to limit the current. In almost all
cases, this is a per fectly good choice. However, ce rtain
LED driver chips have co nstant current circuits to provide
improved per forma nce. The brightness of LEOs is ge neral­
ly linear with the current; the greater the current, the

by Gerard Fonte

brighter the disp lay. However, the re are a number of points
to consider.

LED Brightness, Current, and
Lifetime

First of all, LEOs do have a finite lifetime (generally
defined as a 50% reduction in brightness). Typically, this is
in excess of 100,000 hours or about 11 years of continu­
ous dut y. Obviously, this is generally not a great concern
for hobbyists . However, this means that afte r five years,
there will be a measurable red uction in brightness. This is
a concern for items like clock displays and a serious con­
cern for embedded LEOs in opto-isolators.

However, by reducing the cu rrent, the lifetime can be
extended. LED lifetime is exponential with cu rrent. So, if
the current is reduced by 50%, the lifetime can be
increased by up to a factor of about 50 (while the bright­
ness is reduced by about 50%). Converse ly, it shows that
running an LED at twice the rated cu rrent will reduce the
lifetime from 100,000 hours to about 2,000 hours or about
83 days.

Obviously, ever yone want s bright displays, so they
push the current limits. Generall y, this is not a good choice
for several reasons . The first is subtle. The human eye is
not all that good at disc riminating brightness. A 50%
red uction in brightness is not all that noticeable. (Try it.
Se e for yourself. Use a l K and a 2K series resistor.) The
second reason is that it ta kes more power. This is a lways a
co nce rn for ba tte ry-ope rate d devices. Additionally, mo re

RED GREEN
NEEDS 1.7 VOLTS NEEDS 2.2 VOLTS

Figure 2. You can use a single resisto r
if you put the LEOs in series.The total
forward voltage is just the sum of the

individual forward voltages.

3.9 VOLTS 2. 2 O LTS
Figure I. Using a

single current
limiting resistor

doesn't work
because the LED
with the lowest
forward voltage

will pull the
voltage down to

that level.
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Figu re 3. Although electrically identical, the subtle drawing
change in Figure 3B allows the use of SIP resistor packs.

This can significantly decrease production costs due by reducing
labor and using less PCB area.

FIGURE lB

SIP RESlSroRPACK--- --,
"-------'----/, I

I
I
I
I
I
I
I
I
I
I
I
I
I

LED
DRMR
CIRCUIT

FIGURE3A

LED
ORNER
CIRCUIT

power means more radiated RF energy (from
multiplexed drivers, etc.) during switch ing. This
is called EMI (electromagnetic interference)
and is not a good thing. Finally, if the current is
even slightly above the rating, the lifetime is
drastica lly redu ced. In short, use only the cur­
rent needed for an adequate brightness.
Generally, I use 2-3 mAo (Lower LED current
slows the response, so if you need the speed,
run at high current. )

By the way, LED brightness is based on a
model of the human eye (commonly called the
CIE Curve). So , LEDs that have the same
brightness rating, but different co lors , will
appear to be of equal brightness. I have seen
some green LEDs advertised as being easier to
see because the eye is much more sensitive to
green than red. This is misleading. The mcd
(milli-candela) rating is what dete rmines appar­
ent brightness.

· Input was 10 volts. •• Last two digits were not stable.

TABLE 1. Comparison of stabllity versus current> for various components.

LEDs can be pulsed with a highe r duty cycle than the
rate d cu rrent. Typically, pulses can be up to 10 times the
rated current. Sometimes much mo re, if the LED is
designed for that. Chec k the data sheet for details. The aver­
age current is the working factor. So , if the data sheet says
that the DC cu rrent should be lamA maximum, then a 25%
duty cycle pulse can be up to 40 mAoOf course, the pulses
must be short enough to prevent heating and LED degrada­
tion . Typically, l amS is the max imum pulse length permis­
sible. For really high currents, a 1 uS pulse and a 0.1% duty
cycle may be needed. Again, check the data sheet.

The brightness of multiplexed/pulsed displays is gener­
ally brighte r than expected when measuring the average
power. This is because the human eye tends to respond to
peak brightness.

Circuit Tips

You can't parallel multiple LEDs with a single current
limiting resistor (Figure 1). This is because the LED acts like
a zener diode. It will try to pull the voltage down to its for­
ward voltage (that's why the current must be limited). So, if
you have a red and green LED in parallel with a single resis­
tor, only the red one will light. This is because the voltage at
the resistor/ LED node will be about 1.7 volts (the red LED
forward voltage) and the green LED needs about 2.2 volts
to light. It may be possible to parallel "identical" LEDs with
a single resistor, but this is generally not a good choice. This
is because LEDs are not perfectly identical. Minor variat ions

and increases the contrast ratio. The deeper the LED is
recessed, the better. Of course, this cuts down on the view­
ing angle, but for portable instruments that need to work
outdoors, this is a very good choice. The third technique is
to place an optical filter in front of the LED. This allows the
LED light to pass while blocking ambient light. This can be
an extremely effective way to increase the visibility/ readabll­
ity of LEDs. Obviously, the filter color must match the LED
colo r. Also, without getting into too much optical discus­
sion, red LEDs work best with this approach. Ordinary red
or green "plexiglass" will usually work perfectly well for red
or green LEDs. If you need to be technical, the proper red is
"2423" plexiglass and the green is "38168."

5.1V 3 (series) Red Red Red Green
zener 1N4148 LED #1 LED #2 Led #3 LED

5.0526 2.2246 1.6184 1.6221 1.5810 2.0146
4.9966 1.8502 1.5134 1.5248 1.4884 1.7923
4.63"· 1.4821 1.4063 1.4278 1.3808 1.6893
3.72"· 1.1395 1.2884 1.3215 1.2632 1.5842
2.71"· 0.7884 1.1665 1.2054 1.1436 1.4683
2.3426 1.4362 0.4519 0.4167 0.4374 0.5463
-46.0% -64.6% -27.9% -25.7% -27.7% -27.1%

zener
3.3V

2.5326
1.8507
1.3511
0.9751
0.6843
1.8393
-72.6%

1K series
10K series
lOOK series
1 meg series
10 meg series
Voltage change
% change

Contrast Ratio

Duty Cycle and Multiplexed
Displays

The ability to see a display clea rly is more dependent
on the contrast ratio than the ac tua l brightness. Increasing
the brightness of LEDs helps, but decreasing the back­
ground helps just as muc h. There are three easy ways to
reduce the background light.

The first approac h is to use a flat black background.
This is good for discrete LEDs,
but doesn't work that well for dis­
plays. This is because discrete Current test
LEDs are almost point sources See Figure 4
while displays are clea rly area
so urces, but the background
color always is a factor.

The second method is a
light-shield or hood. Instead of
mounting the LED flush with a
panel, recess it (say 1/4" to
1/2"). This blocks ambient light



Opto-isolators

Additionally, SIP resistors are generally are better matched
to each other than discrete resistors. And, SIP resistors are
on the same thermal substrate, so temperature tracking is
better. So , using SIP resistors improves reliability and per­
formance , as well.

Most people tend to run the LEDs in opto-isolators at
the maximum current in order to be sure it will work prop­
erly. This is generally not necessary or even desired. The
LED current rating is a MAXIMUM rating. There is usually
no minimum rating. I've run opto-isolators with a LED cur­
rent of 800 uA without any problems. The reason is that
most people overlook the key specification of opto-isola­
tors - the Current Transfer Ratio (CTR).

The opto-isolator can be thought of as an amplifier.
The CTR specifies the gain (or amount of amplification).
For most "transistor-output" optos, the CTR is less than
one (typical minimum values are 20% to 40% or a gain of
0.2 to 0.4) . That is, the opto output can source or sink less
current than that supplied to the LED. So , if you need 0.1
rnA of output current for a logic gate, driving the LED with
1 rnA will be fine.

However, "Darlington-output" optos have a CTR of
greater that one (typical minimum values are 200 % to
400% or a gain of two to four.) This means that the opto
output will sink or source more than the current supplied
to the LED. So , if you need 0.1 rnA to drive your logic gate,
then 0.1 rnA into the LED will work. Note that the
Darlington output optos are slower than plain transistor
outputs. Darlingtons typically switch in l Ous of uS , while
transistor outputs switch in less than 5 uS. There are spe­
cial high-speed optos available that switch in less than 50
nS. There is a big "gotcha" with the CTR. It has a huge vari­
ability, usually a factor of 10 or 1,000 %. (Can you imagine
a resistor with a 1,000% tolerance?) That is why designers
always work with the minimum CTR. Normally , this isn't
too important in most designs. It means that the output
can source or sink more than expected. That's usually a
good thing, but it must be considered.

Special Opto-isolators
There are opto-isolators with Triac and SCR outputs.

With these, there is no CTR specified. Instead, they have a
minimum LED current needed to switch on the SCR or
Triac. Opto-isolators can be used with analog signals, but
there are problems. The first is the CTR variability noted
above. It can cause the analog output signal to be wildly

5.1V 3 (series) Red Red Red Green
zener 1N4148 LED #1 LED #2 Led #3 LED

4.8133 1.1568 1.4318 1.4492 1.3384 1.7144
3.9933 1.3597 1.3665 1.3898 1.4039 1.6496
0.8200 0.2021 0.0653 0.0594 0.0655 0.0618
-17.9% -17.5% -4.56% -4.1% -4.89% -3.60%

zener
3.3V

1.4506
1.2091
0.2415
-16.6%

Figure 4. Testing
components for
stability under
varying input

current.

Figure 5. Testing
components for
stability under
varying input

voltage.

Figure 6. Testing
components for
stability under
varying load.

5 volts
15 volts
Voltage change
% change

TABLE 2. Comparison of stability versus input voltage* for various components.

cause fairly significant differences in current between
LEDs. Generally, one LED will pull more current than
rest. This can cause current overload in that LED and
rten the life.
If you really want to save a resistor and light multiple

Ds, put the LEDs in series (Figure 2). This guarantees
al current through each LED. Of course, you need a

her voltage to light them (sum the forward voltages of
LEDs in series) . But you can mix colors and the power

ciency is usually better.
The efficiency rises because there is less voltage wast­
in the current limiting resistors. Obviously, lOrnA
ugh one resistor uses less power than lOrnA through
resistors . Additionally, LED strings have forward volt­
s that are usually closer to the supply voltage. So less
age is wasted. For example, in a five-volt system, ea ch
LED (with a forward voltage of 2.2V) will waste 2.8

s or 56% of the power, but six red LEDs in series need
rward voltage of 13.2 volts. If the supply is 15 volts ,

n only 12% is wasted.
Finally, a subtle practical point concerning series resis­
Figure 3A shows the generally-accepted method of

ing the resistor between the driving voltage and the
D. I've seen it everywhere. In data books, construction
gazines, military systems, professional schematics, etc .

resistor sh ould be placed (as in Figure 3B) between
LED and ground (or VCC in current-sinking applica­
s). Electrically, the circuits are identical, but Figure 3B
ws the use of resistor packs with a common terminal.
Using these SIP (Single-Inline-Package) resistors can

uce production costs significantly. Dropping in a single
mponent takes much less labor

forming and then trimming
leads of multiple resistors . It Voltage test
S about 10-20 cents per resis- See Figure 5
to form and trim leads in a
duction house. Add to that the

of extra PCB (Printed Circuit
rd) area needed for discrete
stors and it is clear that SIP * Current limiting resistor was lOOK
stors are very cost-effective.

I~

I

can
the
the
sho

LE
equ
hig
the
effi

ed
thro
six
age
volt
red
volt

, a fo
the

tors.
plac
LE
rna
The
the
tion
allo

red
co
that

illt the
!!:i cost

~ tor

loIS
pro
cost

lilt Boa15 resi
Z resi

68



TABLE 3. Comparison of stability versus output load* for various components.

* 10K series resistor @ 10V. No load versus lOOK load

Red Red Red Green
LED # 1 LED #2 Led #3 LED
-1 mV -1 mV -1 mV -1 mV

3 (series)
IN4148
-4 mV

5.1V
zener
-5 mV

Voltage RegUlation and
Reference

Scientific American, The Amateur Scientist column by
Shawn Carlson describes an extremely simple atmospheric
haze sensor that Mims designed (but the pin-out for the 741
op-amp is wrong). You can get this and more information at
www.concord.orgjhazej.

3.3V
zener
-6 mV

Load test
See Figure 6
Voltage change

variable from unit to unit . Some
sort of adjustable gain control is
usually needed. Additionally, th e
simple transistor output suffer s
from significant non-linearity (a lso
known as distortion).

However, there are some spe-
cial optos designed for analog use. They can have a linea r­
ity of better than 1% and a CTR tolerance of less than 50%.
There are also FET output optos which act as a light-con­
trolled resistor. Finally, there are photovoltaic optos. These
generate power at the output. Adm ittedly, it's pretty small
(typically 10 uA at 8V with 10 mA LED input drive), but it
may be enough to power your isolated micro-computer with­
out batteries! Tosh iba is one manufacturer of these.

Unusual Applications and
Characteristics of LEDS

According to my antique (1985) General Instruments
optoelectric data book, LEDs have a couple interesting
characteristics. (All data books are important, old ones
often have lots of application notes and specifications not
included in new ones or on CD-ROMs.) The first is that LEDs
var y their junction capacitance with voltage. This is not su r­
prising. Nearly all semiconductors do. However, LED capac­
itance varies with the FORWARD voltage. Most other diodes
vary with the REVERSE voltage. Secondly, the capacitance
var ies by a huge amount. Typically, at 0.0 volts , there is
about 100 pF at the junction for an IR LED. As the forward
voltage increases to about one volt, there is a roughly linear
increase of capacitance to about 200 pF, but going from 1
volt to about 1.2 volts (where it em its IR light), the capaci­
tance shoots up to 400 pF or more. Remember, this is just
a general statement, any particular LED may be different.

Secondly, some LEDs have a nearly pe rfect linear
response to heat. (Check the pa rticular LED's data sheet for
details .) In particular, the relative lum inous intensity
decreases with increasing temperature. Typically, at -35
degrees Celsius (-30 degrees F), the intensity is 155% of
no rmal (at 0 deg rees C or 32 degrees F). At 70 degrees C
(158 degrees F), the intensity is about 60% of normal. Of
course, you'll need a linear responding photodetector - like
a photovoltaic cell - for measuring the relative intensity.
This mayor may not be a practical idea, but it eliminates all
the non-llnearities associated with thermistors .

Photodetectors

LEDs are also light det ectors! Not only that, but they
respond best to the color that they emit (or very close to
it). So , for a few pennies, you can have a narrow-band color
detector with a built-in filter. It's not too sensitive (the active
area is tiny), but the price is right. They operate as a pho­
tovoltaic cell with the current increasing with the light
intensity.

Forrest Mims III wrote the book on this . The original
idea appeared in the May 1977 issue of Popular Electronics.
The title of the article was "Using LEDs as Light Detectors."
Somewhat more recently, in the May 1997 issue of

About 10 years ago, I needed a low-current voltage to
bias an op-amp input. Simply using a resistor-div ider to the
power supply was not acceptable because any power sup­
ply noise and voltage variation went directly into the op­
amp. The traditional method is to use a low-voltage zener or
string of forward-biased signal-type diodes. But when I used
a 3.3 volt zener at very low current (1 uA), the 3.3 volts I
expected was only 0.68 volts . Three 1N4148 provided 0.79
volts instead of the expected 2.1 volts. So I performed some
simple experiments with LEOs to see how they performed
when compared to these standard methods.

The first test (Figure 4 and Table 1) was to see how the
test device acted under a range of supply currents. I tested
seven different diodes: a 3.3 volt zener, a 5.1 volt zener,
three 1N4148 diodes in series, two different style red LEDs
from the same manufacturer, a red LED from a different
manufacturer, and a green LED. I varied the current from 10
mA to 1 uA for a range of 10,000 to 1.

As you can see, the LEOs have less than 20% to 30%
the variation of the other diodes. More importantly, the vari­
ation between all three red LEDs was no more than about
5%. The second test (Figure 5 and Table 2) varied the input
voltage from 5 to 15 volts with a lOOK current limiting resis­
tor. Again , the LEDs showed only 20% to 30% of the varia­
tion of the other diodes.

Lastly, I tested the diodes for variation under load
(Figure 6 and table 3) . The variation between no load and a
lOOK load was about 1 mV for the LEDs and 4-6 mV for the
other diodes. (I used a Fluke 8800A, 5.5 digit voltmeter with
1,000 megohm DC input res istance for all the tests.)

I didn't test temperature variation. But I would expect
good stability because of the quantum nature of the LEO
designs . This is because the forward voltage varies with
color and the color changes only slightly with temperature.
I also didn't do no ise tests or stability-over-t ime tests.
However, these tests are fairly straightforward. If anybody
wants to do these, I'd like to hear your results.

Conclusion

LEDs are versatile components. Using them properly is
important for reliable long-term performance. They also
have some hidden capabilities that allow them to be used in
a non-traditional manner. NY
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CLASSIFIED ADVERTISING
$50 Pe r Inch - No extra charge for color. (Limited time offer)

Classified ads must be paid in full prior to the closing date .

Visa/MOAmex accepted. Payme nt for ads received after the closing

date will be placed in the following issue at our d iscretion. Minimum

charge is o ne inch with half-inch increments. N o pro ofs w ill be sent.

Ads to be typeset by Nuts & Volts must be received by the

closing date . Supplied ads must be received by the artwork due date.

Call the office today at 909-37 1-8497 or email c1assads@n utsvo lts.co m

fo r closing dates. ava ilab le sizes, and special prepay discount offers.

ANTIQUE
ELECTRONICS

CABLE
COMPUTER

EQUIPMENT WANTED
COMPUTER
HARDWARE

AUDIO/VIDEO

BATTERIES

COMPUTER
SOFTWARE

VGA TO COMPOSITE
(NTSC) VIDEO

CONVERTER - ULT-2000

Handheld. Poweredfrom keyboard
with S-video and RGBoutputs, too.
3:I zoom control with many extras.

$99 EA
Matco. Inc., Schaumburg. IL

1-800-719-9605
sa les@mat co.com or order
on-line at www.matco.com

WANTED MICROSOFT:
W INDOWS. O FFICE,

SERVER SOFTWARE.

COMPLETE SEALED PACKAGES. OR

MANUALS. OR CDs ONLY.

914-738-6830

For professional
freeware and shareware.
Active and passive filter

design,S 5 5 designer,
linear simulators.

WWW.SCHEMATICA.COM

SXWIZ BASIC COMPILER
for the Ubicom SX28

microprocessor
Extreme speed from a basic
program. using a $4 micro .

Up to 75 million instructions/sec.
http://www.sxwiz.com

COMPONENTS

WANTED:

DEC EQUIPMENT
WANTED!!!

D igital Equ ipment Corp.
an d compat ibles.
Buy - Se ll - Trade

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

ELECTRONIC COMPONENTS

kits. test eq uipme nt, books ,
t o ol s, an d supplies for hams.

ho bbyist s. and businesses.

Many hard-t o-find it ems like
va r iab le capacitors. ve rn ie r
d ials and dr ives , coil forms,
magnet wire , toroids, more .

www.oselectronics.com

FOR HISTORICAL MUSEUM
pre - 1980 microcomputers.

magazines. and sales literature.
Floyd.VA 2409 1-0341.

540-763-3311 • 540-745-2322

COMPUTER
HARDWARE WANTED

RF TRANSISTORS,
TUBES, SILVER MICA &

METAL MICA CAPS,
DOOR KNOB CAPS

2SC2879 2SC2290 SDI446
MRF454 2SCI969 2SC2166
2SB754 TA7222AP 78L05
78L08 TA7222AP MRF247
MRF317 SAV7. etc. 3-500ZG
4CX250B 4CXIOOOA 4CX1500B
3CX3000 A7572B 811A,

SEE OUR CATALOG
FOR OTHER PRODUCTS

Westgate 1-800-213-4563.

BUY CABLE PARTS
DIRECT

We manufacture circuit boards.
Guaranteed the low e st prices.

DIGITAL CABLE TV FILTER

Just now available! Latest 2003
mode l techno logy, no leakage .

Wholesale prices .
Call for info o r flyer.

4 12-833-0773

QCS, 1-866-203-4689
www.quickboard.us

GLOBE ELECTRON ICS
Cable TV Dist.

Specializing in raw unmod cable
conv. Lots of 10 w/remotes.

SA 8600 $24 ea. SA 8570-8090 $ 19.
DPV-7 $19 ea. BB/CFT $24 ea. CFT
2200 series $34. Pio 6310 $24 ea.
Smaller. larger quantities available.

& different models.

Converte r parts & acces sories .
Toll free 1-800-85 1-9085 .

Se habla Espano l.

ABC WHOLESALERS, INC.
Importer & dist ributo rs of the
Multitec h 4500 & 5000 serie s

125 channel new basic conve rter.
Our mo nthly unmodified spe cials

in lots of 10 with new remote
- Scientific Atlanta 8600 $25 ea.
- SA 8580 $19 .95 ea.,
- Jerrold BB73 12 $25 ea.,
- Jer ro ld DPV 72 12 $ 19.95 ea.,
- Jerrold CFT 2014 & 2254 .
- Pionee r 6310 $25 ea.

Large quantities please call for
who lesale dealers price. We have
all models replacement remotes.

Se hab/a espano/.
1-800-510-1924.

POWERING YOUR
PORTABLE WORLD

All batteries fo r

HIGH-PERFORMANCE
mic preamp. stereo RIM preamp.

Designed to drive sound card
line-in.TDLTechnology, Inc.

www.zianet.co m/tdl/ppage2.htm
505-382-3 173

WANTED:

KINGSLEY HOTSTAMP
foil machines for imprinting leather.

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

and type available.
Call 760-749-0239

bjnash@n2.net

AVIATION
ELECTRONICS

FOR HISTORICAL MUSEUM
pre -I 980 microcomputers,

magazines, and sales literature.
Floyd.VA 24091-0341.

540-763-3311 • 540-745-2322

rvlSIT WWW.BIBBTEK.CO~
Wide selection of:

• Audio reco rding
• Video pro duction equipment
• Musical inst ruments
• Tubes and compon ents
• I950s tape archive

CONTACT
Tom@ mrb ibbs@ snip.net
or 856-222-0636 for a list .

L Credit Cards accepted ~

lUI
I!:; r-t-r- -----,

~
I~
iUl all types of equipment .
r....t=- Tel: 603-548-0125Z Web: www.criticalbattery.com

~



ROBOTICS

4,100+ SCHEMATICS
from reverse engineered devices

for sale .Aud io to video.
Automotive to telephone.

Computer to radio . Medical to
security and much more.

Write for our list of catalogs,
or check our website.

Bomarc Services, Box I I 13,
Casper,WY 82602.

bomarc.org - rollo@trib.com
307-234·3488

Add SONAR to your project
with this easy to use eight
channel microcontroller.

SensorTrak™ connects to
your serial port and suppo rt s up
to eight high-performance range
finders . namely the Devantech

SRF04 ult rasonic and Sharp
GP2D02 infrared sensors.
Available as a baard or as

a complete kit with
eight SRF04 transducers.

Visit us at www.wehali.com
or email davee@wehali .com

SONAR COPROCESSOR

PLANS-KITS
SCHEMATICS

Robot sta rter kits, complete with
wheels, quality servo gearmotors,
and all mechanical parts, for less

than $50; precision-cut pre-drilled
"do-it-yourself' bases for under

$10 ; affordable pre-cut plastic and
metal for robot frames, encoders,
wheels. casters, sensors, and more.
BUILDYOUR ROBOTS FOR LESS

Visit us at :
www.BudgetRobotics.com/

B OTS
That Won't Bust the Bank!

SURPLUS & REFURBISHED

ELECTRONIC EQUIPMENT

NEED TO READ?
Check out the latest titles

available at the
Nuts & Volts Bookstore

on Page 57

MISCELLANEOUS
ELECTRONICS

FOR SALE

Over 3,600 items in stock.

SMC ELECTRONICS

MILITARY SURPLUS

www.smcelectronics.com

GRAPHITE-HIGH density,
slabs , blocks, plates, pieces .
Used for fuel cells, motor
bush ings, melting metals,

crucibles, rocketry. science
projects, electronics.

Big 15 pound box assorted,
ONLY $99 SHIPPED.
Jim Sciuto, Box 128,

Methuen, MA 01844 or
603-645-4772 or see photo at

USMintquarters.com

WANTED: ROCKWELL
Collins HF-80, KWM2A, and

S-Line equipment.
Also Collins literature.

Jim Stitzinger
661-259-20 I l-Pax 661·259·3830

jstitz@pacbell.net

SUPER HIGH GAIN 14 dbi
flat antenna with N or SMA

connector tuned for 2.3-2.5 GHz.
Use with 2.4GHz ATV B channel
transmitter or receiver. $179/ea
- SPECIAL PRICE! EzATV.
Visit our web-site for dealers

or order on-line at
www.4atv.com.

2.4GHz POWER amplifier with
power supply. 10-40mW input,

I (one) watt output with in-line SMA
connectors and built-in heat sink.

Approx. 2" x 2" x 5/8" size.
Frequency range 2.3GHz-2.5GHz.
$189teach. Compatible with all

ATV product lines.
See our website for more info
on accessories and transmitter

and receiver modules.
EzATv.Visitour web-site for dealers
or order on-line at www.4atv.com

HAM GEAR

MIL-Spec Coax Available (Teflon, PVCIIA)
New Product: Belden 9913F, 9913 with

High DensityPE Foamdielectric.
stranded center condo and Duobond
III Jacket$0.80/ft or $76.001IOOft

Also New:9092, RG8XwithType II Jacket.
Intro Price $23.001 I000
Call for Specials of the Month

Full Line of Audio Connectors for Icom,
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

PricesDo Not Include Shipping
Orders 800-783-2666
Info 301· 840·5477
FAX 30 1-869-3680

EDUCATION

ANAHEIM WIRE PRODUCTS

ISA DIGITAUANALOG BOARD

Manufacturer and distributor of
electrical and electronic wire

and cable since 1973.
ITEMS AVAILABLE FROM OUR STOCK:

Hook up wire, Shrink tubing,
Cable ties , Connectors.

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

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

www.anaheimwire.com or
email : info @ anaheimwire .co m

Visa/MC/Amex.

Complete Selection of MIL-Spec Coox,
RFConneaorsond Reloys

UG-21 BtU N Male for RG-213/214 .$5.00
UG-21DIUN Male for RG-213/214 .$3.25
N Connectors for 99 13/Flexi4XU9096
UG-21B/9913 .....$6.00 I Pins Only......$1.50
UG-21D/9913 ..$4.00 I Extra Gasket.$0.75
Amphenol 83-1 SP-I050 PL-2S9 $0.90
UG-1 76/U Reducer RG-59/8X,$0.25

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

or 5/$1.00
SilverTeflon PL-259/Gold Pin,$ 1.00

or 101$9.00

Great for experimenters, designers
& students. 27 digital 1/0 lines.

Eight 8-bit AD inputs, one w/mike
preamp .Two B-bit DA outputs, one
w/audio powe r amp. Buffered data,

address & control lines, plus
3 spare selects for expansion .

Bare board only $20, kits &
assembled available.

More info,free tutorial & source
code at www.learn-c.com.

CONNECTORS WIRE/CABLE

,-----;' The RF Connection
" ~o, ~ 213 N. FrederickAve., Ste. I INV

! Gaithersburg, MD USA 20877
~ http://www.therfc.comt
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4 PORT video capture card
with remote internet access,

DVRC-4; $339. Remotely view
any 4 NTSC video cameras over

your internet connection.
Sophisticated mot ion sensing
option allows camera to be
act ivated by motion or time.

500 MHz or higher; 98/2000/XP,
NT compatible. Installation time

under 10 minutes.
16 channel unit is also available,

bundled with Pc.
Mateo, lnc ., Schaumburg, IL

1-800-719-9605,
saleS@matco.com or

visit/o rder on-line at
www.matco.com

COLOR & BIW
BOARD CAMERAS

WIRELESS COLOR

rechargeable 2.4GHz system,
ASK-7003-TR. 150 foot range.
Includes cameraltransmitter,

receiver and built-in battery pack
with charging systems. Range 150

feet. High volume seller! $ 159
Mateo , lnc., Schaumburg, IL

1-800-71 9-9 605,
saleS@matco.com or

visit/order on-line at
www.matco.com.

·W/cases, BX-120-LC
(350 lines color ) $89

'BX-125-LC (380 lines color) $99
·Sub-miniatu re BX-123-AU

(420 lines BIW with audio) $69
Mateo, lnc., Schaumburg , IL

1-800-719-9605
saleS@matco.com or

visit/order on-line at
www.matco.com

Co nnect your cameras directly
to power source with screw

ter minals or plug in using a 2.1
mm connector.

Special price: $59 (DC
version) and $49 (AC version)

Can use pre-molded 50 foot
video/power cableA-402-CA $ 15.
Mateo, lnc ., Schaumburg, IL

1-800-719-9605,
saleS@matco.com or

visit/o rder on-line at
www.matco.com

CAMERA DISTRIBUTION
Box, XF-250-DC/XF-250-AC.

WR-700 type ,
high impact

tempe red glass
with stand.

Black & white
(430 lines), or
color (420+

lines) available. Standard 3.6mm
lenses with optional lenses of 6,

8, and 12 mm at $20 ext ra.

BIW .... ....• • • $ 119/each.
Color • •....• ,. $1 79/each.
Small compact size with sun shield.

Mateo, lnc., Schaumburg, IL
1-800-719-9605,

saleS@matco.com or
visit/ord er on-line at

www.matco.com

WEATHER RESISTANT
OUTDOOR CAMERAS

LIVE DEMO AT
ECAMIT.COM

(602) 325-9215
CCTVOEPOT.COM

C O R T E RA LC , G L E N D A L E , A

•

tr ansmitter/receiver kit.ASK-

2008-TR, 8 frequencie s uP
controlled 2.300 to 2.481 MHz,

video NTSC/PAL with 2 channels

of audio for development testing.
12VOCII 00 mA for both

t ransmitt er and rece iver. Includes

2 rubber duck antenn as. $125.

Mateo, lnc., Schaumburg, IL
1-800-719-9605

saleS@matco.com or
visit/o rde r on-line at

www.matco.com

• Home'
• Hobby·

• Robotics'
• Nanny Monitoring'

www.helltek.com

9 VOLT IR sensitive BIW high
res 430 TVL camera with optional
black low-profile swivel adjustable

enclosure. Pin hole or Std. lens
type. 6, 8, and 12mm lens are

available. 1/3" CCO, 3.6mm/F2.0
lens included; works from 7.5-13

VOC, highest voltage range
in market. 0.08 lux,

1.27" x 1.27" x 0.5"0 pinhole
or I" deep standard.

$49 each. Enclosure: $8;
optional lens: $18.

DEALERS W ELC O ME.
Mateo, lnc., Schaumburg, IL

1-800-719-9605,
sal eS@matco.co m or

visit/order on-line at
www.matco.com

Low-Cost Video Cameras

Time lapse, with remote, can be
activated by either contact
closure or continuous duty

operation with standard T- 120
tape. ES-8960 at $339.

Mateo, Inc., Schaumburg, IL
' -800-7 19-9605

saleS@matco.com or visit/order
on-line at www.matco.com.

40 DAYS and 40 NIGHTS
RECORDER

SATELLITE TV

SATELLITE

. . SECURITY >

, '-'~ "

INFRARED CAMERA

Complete selection of
C & Ku band equipment.

WWWDAVESWEBSHOP.COM

~
~Skyvision'

. . FREESATELLITE
l:'oi':'k TV Buye ~'s Gu ide .

. BIG Dishes-BIG
Dea ls ! Get the MOST free and
subscrip tion cha nne ls with C­
ban d digital upgrade! Get high

s peed Inte rnet on your big dish!
SKYVISION 800-334-6455 .

Int'121 8-739-52 3
www.skyvision.com

I ROBOT BOOKS.COM I
I V' . b . , . II ISlt our we site lor reviews I

of robotics books, plus ro bot
I kits, toys, movies , & magazines! I
I I
I www.robotbooks.com I

r-·------·--- ..

.. ----_._---_ ..
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LAST CALL
FOR OUR
SPECIAL
HOLIDAY

tI\-, ':;"'\i GIFT SU B
;g -to l~ O FFER

2 ONE-YEAR SUBSCRIPTIONS
FOR $30.00

Get aff the details on Page 35

New Lower Price !
25 RPM Gearhead Motor wi Brake

Globe Motors # 409A5 82
Precision gearhead motor
equipped with an electric brake
and a tach or pos itioning sensor.
Brake must be energized or
disconnected to allow motor to
rotate. Motor rated at 12 Vdc, brake at 24 Vdc. No load
rating: 25 RPM @ 12 Vdc @ 130 mAo Motor functions
well up to 24 Vdc. Overall size, excluding shaft , 5.15"
long x 1.52" dia. 0.25" diameter x 0.9" long shaft

equipped with a press -fit gear. $1200
CAT# DCM-177 -

each

FAX (818) 781-2653 • INFO (81 8) 904-0524

E-MAIL allcorp@allcorp .com

JMC# 1225-12HBA
120 mm (4.72") square x 25 mm (1")
wide cooling fan . Dual ball bearing
fan provides reliable output of
88 CFM @ 2600 RPM. 12 Vdc @

0.6 Amps. 45 Dba max @ 1M.
Designed for 50,000 hours @

25 deg. C. Therm oplastic housing and
7 blade impeller. Three 7" pigtail leads with 3-pin con­
nector (0.1" cntrs). Third lead is for sensing rotation.
Prepped with metal finger guard. UL, CSA,CUL, CEo

Large quantity available. 90 for $3 .00 each

CAT# CF-153 450 for $2.25 each

$400 990 for $1 .50 each

each 1980 for $1.30 ea ch

R

Special - Lighter Plug
on Heavy Duty Cord

oc

MAIL ORDERS TO:
ALL ELECTRONICS CORP.

P.O. BOX 567 • \AN NUYS, CA 91408-0567

NOMINIMUMORDER ·AIIOrders CanBe Chargedto Visa. Mastercard, American Express or Discover · Checks and Money Orders
Accepted by Mail · Orders Delivered in the State of California must includeCaliforniaStateSalesTax · NOC.O.D· Shipping an d
Handling$6.00 for the48 Continental United States - All OTHERS including Alaska. Hawaii, P.R. and Canada Must Pay FullShipping •
Quantities Limited • Prices Subject to change without notice.

Cigarette lighter plug on 30"AWG 14 black zip
cord. Stripped ends. Large quant ity availab le.

CAT# CLP-60 sseeach
100 for 65 ft each --=----"'..... ",,~=~

500 for 55 ft each
1000 for 45ft each

WHITE - water-clear 3,000 mcd T-1 3/4

CAT# LED·75 $2.00 each
100 for $165.00 • 1,000 for $1300.00

BLUE - water-clear 1,500 mcd T-1 3/4

CAT# LED-74 $1.75 each
100 for $115.00 • 1,000 for $950.00

New Lower Pricing!

SUPER BRIGHT REO 6,000 mcd T-1 3/4

CAT# LED·94 75ft each
100 for $50.00 - 1,000 for $350.00

ILL
ILl

NEW w ith warranty: Scopes,
power-supplies,DM Ms.

BUY at below distr ibuto r cost.
Kenwood, B+K Precision and

more.Visit US
@ www.quabbinelectro.com

EMAIL 1's to:
quabbinelec@map.com

IIMANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax II

110 Compartment Plastic Storage Boxl

Transparent hinged plastic box with _
10 compartments. Great for parts
storage or display of small items. _
Outside dimensions 7" x 3.4" x 1.25". _'_
Friction-lock lid with dual clasps.
Each box individually wrapped in a cardboard sleeve.

CAT # 88-10 $100ICase of 36 for $30.60 (85e each) I each

wWW.1tutsVofts. C-OtI1

WANTED

TEST EQUIPMENT

VACUUM TUBES

HP 8920AlB service monitors
from $2,900 Spectrum analyzers ;

signal generators; cellular test
sets for CDMA, TDMA & GSM

and mo re
Ph 716-763-9104;

www.amtronix.com

GADGET-O-RAMA 2002
WINNERS ANNOUNCED

SEE PAGE 36!

W E BUY AND SEll TEST EQUIPMENT

D isplay 4, 8, and 16 video outputs
directly on aTV or security

mon ito r.This is the only device
which allows full screen display of

video on VCR playback (see 40 days
and 40 nights recorder). Plenty of

options including ti lti ng,zoom,
individual gain adjustments, etc.

Reduced price! $7991 each,
Special 4 channel version,

MUX-400, $429/each.
Mateo, Inc., Schaumburg, IL

1-800-719-9605,
saleS@matco.com or

visit/order on-line at
www.matco.com.

A-COMM ELECTRON ICS
http:/ /www.a-comm.com

11891 E. 33rd Aven ue,Auro ra,
CO 800 IO.Tel: 303-341-2283

Fax 303-341 -2293

To buy COMPLETE *vacuum tube
collections, ANY quantity.Will buy

new, new wlo boxes,and used.We buy
all types and will not cherry pick your
collection.W ill t ravel to inspect and

pick up large hoards.
Paul, Sound Ideas, 321 S NW 13th

Street, Gainesville, FL3260I.
pwb@soundideasstereo.com

·please list tubes in the note line
of your email

352-371-1791
FAX #1 3S2-336-6821
FAX #2 3S2-378-0 192

(10 am-7 pm EST M-F, 10amoS pm Sat)

C irc le #58 on th e Re ad e r Service C a rd .
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Column

Understandingl Designingl and Constructing Robots & Robotic Systems

Amateur Robotics
Building on He I I Seriol Recorder

What You Need
All you need is an HC8 1IE2 wit h 32Kb of RAM (can be battery-backed,but isn't required),

and a micro switch (a switch wit h th ree pins: Common, NO, and NC), On the software side,
you'll need W CC I I , MHM and, of course, the C program for the serial recorder (all t hese files
are available forfree on my web sit e).You w ill also need PCBugl 1 (available at Karl Lunt's page)
and a te rmi nal edito r (if you don 't have a terminal editor, you can use the one in PCBugI I ...
simply type 'term' while in PCBug l1 and a terminal editor wi ll pop up).The C file that you wi ll
need is at my web site and is called SCIRec.c. A lso whi le you are at my web site, you will need
to down load SCl.c.

Now before going on, I just want to te ll you that thi s is not a tutorial on how to use and
build an HC I I system.This article assumes that you are familiar w it h the hardware and software
th at we're using.

I n this article, I will show you
how to build a serial recorder.
"What is a serial recorder?" you

might be asking . Well, a serial
recorder is something that records
anything that comes through the
serial port and stores it in memory
for later viewing.

The serial recorder that you' ll
be building will be small, portable,
and can record up to 32 ,767 char­
acters (or more, if you get more
memory on your HC11).

"What can this be used for?"
might be another question. I'll
answer this by giving an example.
Say that you have a wall-following
robot that is having trouble with
one type of corner. Now an easy
way to debug the program is to
have the robot output the sensor
values and other variable values to
the serial port so that you can look
at them on your computer screen
using a terminal editor. However, in
order to do this, you have to have
your robot tethered to your com­
puter. But with a serial recorder,
you won 't need to keep a cable
hooked up because the robot or
other device can carry the serial
recorder.

All you do is plug the recorder
into your computer, and run a ter­
minal editor. Run the serial
recorder (to do this put the HC11
into run mode) and press or' on
your computer's keyboard. The
HCll serial recorder will start to
record. Now whatever comes to the
serial port will be stored in RAM.

Next , plug the recorder into
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your robot and run the robot's pro­
gram. When finished , you simply
plug the recorder back into your
computer so that you can view
whatever the robot said! Simple,
isn 't it? Read on to see how to
build, use, and modify th is se rial
recorder.

Building the
Recorder

Constructing the serial
recorder is easy. First , get your
HC11 system working. To do th is,
you can buy a board (see some
links in the sidebar) or you can
build your own board. Just make
sure that you have the min imum
requirements listed above (of
course, you can have more that
32Kb external RAM).

Now construct the circuit as
shown in Figure 1. This circuit uses
the micro switch as a signal button
that remains LOW when the button
is not pressed, and HIGH when the
button is pressed.

Simply connect the NO pin of

the micro switch to +5V, the NC pin
to GND, and the COMMON to PEO
on the HC1l. That's all you have to
do! If you want to , you can put the
system in a plastic enclosure. Read
on to see what the 'Note' button in
Figure 1 will be used for ...

Modifying the
Software

You may need to make a few
modifications to the SCIRec.c C
file. The only line that you might
have to modify is the first line in the
malnt) procedure. The first line is
point = OxBOOO;. This simply ini­
tializes the variable point to
Ox8000. This variable is used to
point to the next free memory
address that can be used to record
the se rial port. You must point this
to the start of your external RAM. If
your RAM starts at address
Ox8000 , then leave the line alone.
However, if your RAM starts at
address OxOOOO, then change the
line to point = Ox2000;. Simply
point the variable to the start of
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your RAM, however, don't go lower than Ox2000.

Compiling the Program

First, download and install all of the software I listed
previously. Now run MHM and give it the following info:

Header Name: SCIRec
Stack Beginning: ff
Program address: fSOO
WCCll v.1.0? (Yin) : n

That will make the main header that is needed to
co mpile SCIRec.c. Now run WCCll and give it the fol­
lowing info:

File Name: SCiRec
Out File: SCiRec
Main Head er SCIRec

Tha t will compile SCIRec.c to SCIRec .asm. Now all
that you need to do is assemble the file. To do that, run
AS 11 by typing in th e following:

AS11 SCIRec.asm

Mobile Robotics
Used world wide for research!

Mobile Robots
Micro Controllers

Artificial Intelligence
SonarUnits

Optics
Vision Systems

Zagros Robotics
PO Box 460342

St. Louis.M0 63146-7342
Phone (3 14)768-1328 Fax (314)576-5568

http.z/wwwzagrosrobotics.com
info@)zagrosrobotics.com

Our Co-Processor adds
SUPER NEW FEATURES to
the best of the usual ones.
Really Steps UP a Stamp.
See how far our Products

take YOUI

www.SMDRework.com
'(fQ~~~~~~~~~rtm

800-394-.... 984

That's it! If you do a directory, then you should see
the fil e SCIRec.s 19. If the file doesn't exist, then you
must have missed a step above ... simply try it again. To
download the program, use PCBugll or any other
downloader that you normally use and download
SCiRec.s19 to the HCll 's internal EEPROM.

Testing the Program

Circle #41 on the
Reader Service Card .

Circl e #42 on th e
Re ad er Servic e Card .

850-863-5723

RS-232
Stackable

~eedtec.Q
~. DATA ' G

; SHEETS %
1710-B Brighton Cove, Ft Walton Beach, FL 32547

Weeder
Technologies

Plug
end-to-end
Stack 32 modul es on
the same RS-232 cable.

Digital I/O Module - 14 I/O channels Individually configured for Input or output. Turn
on/off relays. Sense switch transitions, button presses and 4x4 matrix decoding using
auto-debounce and typematic repeat with adjustable delay. One-shot pulse output. $59
Analog Input Module - 8 single-ended or 4 differential inputs. Self-ealibrated, 12-bit
ADC, reads voltages from 0 to 4095 mV. High & Low alarm trip-points tor each input. $69
Anafog Outp ut Module - 4 outputs that span -10 to +10 volts using 12-bit DAC. Built-In
ramp generator, software calibrated, user selectable POR defaults for each channel. $89

Stepper Motor Driv er - Directly drives a unipolar stepper motor.rated up to
30VDC @ 2A. Self-generated S-eurve accel/decel profiles provide

smooth start and stop motion. Software programmable ramp-rate,
velocity and idle current. Single-phase, dual phase, & half-step

ive modes. 24·bIt absolute motor position counter. $69
Pulse CounterfT imer . - Read frequency from

0.50000 Hz to 1,500,000 Hz using floating
decimal point and 5-digit resolution

throughout range. Measure period,
RPM, duty cycle, pulse length" ,the
velocity of a projectile using a pair of
trip wires. 24-bIt pulse count

accumulator for event counting. $79
Solid State Relay Module ,- 5 opto

isolated relays can be wired directlyto
existing low-current buttons and switches

to provide software control of their
operation, Built-in event sequencer, $69

r0123456789 0123456789

J ust to make sure everything is working, let's run a
quick test. First, run a terminal editor on your comput­
er, and then plug the serial recorder into your COM port.
Now run the program by switching the HC11 into run
mode. You sh ould see the message 'SCI Recorder is
Running' sh ow up on your computer's screen. If the
message didn't sh ow, then the program isn 't running
(m ake sure you compiled the program as described
ab ove). Now, if the message did show up, then do the
following (I'll explain it all in a little bit ... just trust me for
now):

Then press RESET on the HC11. The same mes­
sage ('SCI Recorder is Running') should show up. Now
type 'I.'

You should see a '0' show up. Now press any key
and a '1' should sh ow up. Again , if you press any key a
'2' sh ould pop up. If you continue doing this the whole
message you recorded above (0123456789
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Amateur Robotics

Recording Messages

Figure I: The
PEO "Note" button.

You will see th is line right
under the start of the malnr) pro­
cedure. Change the 20 in the line
to the number of characters that
you want printed (changing it to 50
will have the 'p' command print 50
characters before waiting for an
input). After you modify the soft­
ware , you will need to recompile.

Those are all the basic modes
for the 'l' command, however, there
is one more ... the 'n' command.

one input that is not input via the
seria l port and that is the
microswitch 'Note' button. )

The 'c' command is the default
option. Using this command will
tell the recorder to print out a char­
acter and then wait for an input
from the user. Once an input is
received , the next character is
printed.

The 'p' command tells the
HCl l serial recorder to print out a
certain number of characters
before waiting. When you first
download SCIRec.c from my web
site, the 'p ' command is set to print
20 characters at a time, however,
you can easily change this number.
First edit SCIRec.c and change the
line that says:

pauseMax = 20;

There are advantages to using
this serial recorder instead of a
wireless link. For example, the sup­
port for taking notes.

A note is simply an event
whe re you want to place special
attention. Say that your waIl-follow­
ing robot is having trouble at a cer­
ta in spot ... take a note. That way,
you can see what the robot was
sa ying while there was trouble.

To take a note while recording
(after typ ing ' r' ), press the
microswitch button that you wired
to the HC11. This button is the note
button. Pressing it will cause the
HC11 to store an OxFF before the
character. OxFF is a blank to a ter-

Taking Notes
So basically, if you want to

have the recorder print a few char­
acters at a time , type 'p' and then
'I.'

The 'w' command will read a
word at a time. Using the 'w' com­
mand tells the recorder to print out
a st ring of characters until a Ox20
is reached (Ox20 is the ASCII char­
acter for SPACE). After a word is
printed, the serial recorder will wait
for an input from the user. The user
inputs data to the recorder via a
computer running a terminal edi­
tor. (Anytime I mention that an
input is needed to be given to the
HC11, I mean that the input should
be given via a terminal editor run­
ning on a computer. There is only

More Features

Now suppose you want to see
more than one cha racter at a time.
Say, for example, that you want to
see a word at a time. To do this ,
first reset the HC11. After the intro
message is displayed, press 'w,'
and then 'I.' You will notice that
'Hello' is displayed. Now press any
key on your computer's keyboard
(just like you did before). Now you
should see the word 'World!' dis­
played.

The recorder now shows words
instead of characters because you
typed in 'w' before 'I.' There are
several commands that the serial
recorder understands. Here is a list
of them all:

r : Begin recording.
I : List the recording (runs the

ListO procedure [ListO is defined
in SCIRec.c)).

w : Tells ListO to print a word
at a time.

c : Tells ListO to print a char­
acter at a time (this is the default
option).

p : Tells Llstt) to print a few
characters at a time .

n : Find next note (explained
later) .

displayed again.

+5V
NCNOC

0123456789) sho uld show up.
When the serial recorder reaches
the last '9 ' (this is the end of the
recording) , th e message 'SCI
Recorder is Running " sh ou ld show
up again. If all this hap pened, then
everything is working so far!

Okay, now let's take a closer
look at how to use the recorder. For
this first part, you sho uld simp ly
plug the recorder into your com­
puter's seria l po rt and run a termi­
nal ed itor.

Afte r running a term inal editor,
run the HCll 's program. Again ,
you should see the intro message.
Pres s 'r' on your computer's key­
boa rd. Now, if you were going to
record a robo t's serial port or other
serial port, this is where you would
un plug the recorder from the com­
puter and plug it into the other
device, however, just to show you
how the recorder works, keep the
recorder plugged into the comput­
er. Now type in a simple message
that you wan t to record (for th is
example, type in 'Hello World!').
When you're finished, press
RESET. This is what you wou ld do
when you are finished recording a
serial port. Now, to play back the
message, press 'I' for list and press
a key on your computer's keyboard
when ever you want to see the next
characte r. Go through all the char­
acters until the intro message is
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minal editor, however, you can have the HCll scan the
memory for those OxFFs to jump directly to that area.

To have the serial recorder find a note after record­
ing (to stop recording press RESET on the HCll), press
'n.' That will tell the HCll to find the nearest note (in
this case, the first one). Press In' again to find the sec­
ond note, and so on . Now after finding the note you
want, select your display mode ('c,' 'w,' or 'p') and press
'I' to list. However, now instead of starting at the begin­
ning of the recorded message, the HCll will display the
recorded message after the note.

Completely
Redesigned!
Assembles in
minutes using

hand tools!

Control using
PC, 852,

Atom, Oopic,
or any device

capable of
seT/al comm.

One Quick Example AUTHORIZED SANYO DISTRIBUTOR

Circle #40 on the Reader Service Card .

PRICE
$2.00
$ 2 .25
$3.00
$2.00
$1.50
$2.00
$3.25
$4.25
$3.75
$ 4 .0 0
$4.25
$6.00
$6.00
$3.25
$6.00

mAh
350
600
1000
7 0 0
7 0 0
1600
1400
2700
1300
1700
2400
2400
3000
3000
3 6 0 0

ROBOTIC AND
COMPUTER BATTERY

SPECIALISTS

SIZE
2 / 3AA
2 / 3 A
2 /3 A
AAA
AA
AA
A
A
1/2 SUB C
4 /5 SUB C
SUB C
SUB C
SUB C
SUB C
C

M2L Electronics
9701259-0555

Fu.:9701259.o777
250 CR 216

Durango, CO 6130 1
CO orders please add 7%

sales fax

http:/www.m2/.com !

TYPE
NICAD
NICAD
NiMH
N iMH
NICAD
NiMH
NICAD
NiMH
NICAD
NICAD
NICAD
NICAD
NiMH
NiMH
NICAD

PART #
N -350AAC
KR-600AE
NT-100AFH
HR-4U
N -700AAC
HR-3U
KR-1400AE
HR-AUX
CP-1300SCR
CP-1700SCR
CP-2400SCR
RC-2400
RC-3000HV
HR-SC
CP-3600

• Full over curren t detection on all
device pow er supplies protects aga inst
bad chi ps and revers e inserti on

• Broad support for add itional devices
using ada pters listed below

Check Webll -- www.m21.com Available Adapters
EP· PIC(11CS l<.61.62x 71.84) $4 liUlS

Fast · Programs27C010in 23 seconds Ep ·Il'ICS4 <1&ee2-5.12-4) $J US

Portable . Connects to PC Parallel Port ~:~:~~~ ~~:~~1l) :;::::
EP-'5f{iisi:C5Tj"- - -··- - S31l.1l5

Versatile - Programs 2716-080 plus EE EP. llE (&8HC11E/}' ) SSIUlS
and flash (28, 29 ) to 32 pins EP·110 (MHC 711D3) $39 95

tnexpensive- Best for less than $200 :::~ ~:E:~~~j,8' :;: :: :

. EP-SE E2 (93...2.c.. 2S. ,ll5lc) $39.95

• COrrt~et imple~ntation of man~facturer ~:;~EL :~;;;:.j~:%v$l ~::::
specified algonthms for fast . reliab le EP-10St (8OC10S1,205t)"-SiUs

programming EP·PLCC (PLCC EPROMs) s.tu s
EP-$OlC (SOIC EPROMs) $4i9S

• Easy to use menu basedsoftwarehas EP·TSOP (TSOPEPROMI) $.Sus
binary ed itor , read , verify , copy , etc . MiJt\.,. Othef M'Plef$ "'v,~

Free updates via bbs or web.

TNR Technical, Inc.
301 CENTRAL PARK DRIVE , SANFORD, FL 3277 1
CALL: (800) 346-0601 • FAX (407) 321-3208

Here 's an example of how to use the serial recorder.
First, run a terminal editor and plug the recorder into
your computer's COM port. Run the recorder. You
should see the intro message printed.

Now type 'r' to begin recording. All you need to do
now is unplug the recorder from the computer and plug
it into the serial port that you want to record. During
recording, you can press the note button at any time to
take a note of a certain spot. When you 're finished
recording, unplug the recorder and plug it back into
your computer (the computer should still be running a
terminal editor).

Now press RESET on the recorder. The intro mes­
sage should once againpop up . Select the list mode
(explained earlier in this article) and press 'I.' You will
see the message printed out. When the message stops
printing (like at the end of a word if you're in 'w' mode,
or at the end of a character if you 're in 'c ' mode), then
simply press any key on your computer's keyboard to
resume displaying the message.

When the message is finished, the serial recorder
will reset itself and you will see the intro message again.
Now you can record a new message or list the message
again. Also, at any time, you can press RESET on the
recorder to input a new list command or record another
message (if you record another message, the old one
will be deleted) .

Conclusion
Circle #43 on the Reader Service Card .

I find that this serial recorder has saved me tons of
debugging time. I'm sure it will also be able to help you .
Feel free to change and hack through the serial

recorder. I hope this article has been helpful and if you
ever need help, just contact me through my webpage.
Good luck with your project, and have fun! NV

L
I

N
K
S

www.frontie rnet.netf- wkra we cf p age3.htmI. My page.
You can download WCCll , MHM, and SCIRec.c here.

www.seanet.co m/F karllunt, Karl Lunt's page. He knows a
lot about the HC11, and you can also download PCBug 11
here.

www.technologicalarts .com. Technological Arts sell
several HCll boards that can be used for this serial recorder.

www.mrrobot.co m .Mr. Robot also sells several HCll
systems that can be used with this project.

www.rdrop.comfusersfm arvinf . Marvin Green sells the
BotBoards. The BotBoard2 can be used to build the serial
recorder.

Just a quick note : Those three links above are on ly a few of
the many companies that sell HClls. Look around on the
web, I'm sure you can find one that you like.
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by Jon Willioms

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

Stamp Applications
PBASIC Gets A Make-Over

/ y BASIC S ta mp - C \Pa, allax\lR Buddy\code 2 5\IRB RC-5 Control 85 2 '10013

The phrase "something
old, something new ... " is
usually associated with wed­
ding ceremonies, but is a
perfect description of the
BASIC Stamp and the
Version 2.0 editor combina­
tion: The same "old" (I write
that lovingly) BASIC Stamp
- that has been working
reliably for years - com­
bined with a brand new edi­
tor that includes some fan­
tastic updates to the PBA­
SIC programming language.

tax that most programmers consider
standard. Things like IF-THEN·
ELSE, DO·LOOP, and SELECT·
CASE. The editor also includes color
syntax highlighting that makes edit­
ing and debugging PBASIC pro­
grams a lot easier.

What Took You Guys
So Longt

Now, critics will [rightfully] ask:
"What took you guys so long? People
have been doing this stuff for years
..." The criticism is not entirely unfair
and there is no excuse for the delay;
especially since customers have
asked for these updates for quite
some time. There is a valid reason,

though.
Keep in mind that the BASIC

Stamp was developed in the early
90s, back when the Intel '386 was
the king of the microprocessor hill
and PC speeds were measured in the
low tens of MegaHertz. Chip Gracey
- the BASIC Stamp designer -­
decided to write the or iginal develop­
ment tools using Intel 80x86 assem­
bly-language to get the best perform­
ance on the machines of the time.

Even though he 's considered
one of the world's best assembly-lan­
guage programmers, Chip will freely
admit that the BS2 tokenizer (the
code that converts PBASIC to the
EEPROM image that is actually
downloaded into the Stamp) was a

• give IR Buddy time to vork

· "Mu t e " button

· extract systea code
• systea ve Lad • check co••and
· extract co••and
• COMpare VI th good values
· nuaber-s 1 - 4

CASE Hut..
Ports • AllOf f

ENDSELECT
ENDIF

NEXT
RETURN

Main :
DO

SEROUT IR bSIO. IRbBaud . [ I RbRc5Rx . 10] , start RC-5 RX
, SERIN I RbS IO . IRbBaud . [STR buffer'e' 25 5] 'get data

I GOSUB Process_CoJlllancls
PAUSE 500I LOOP

i END

I . -----------------------------------------------------------------------------! . Subrou tines
i ' --------------------------------------------------------------------------

IProcess Co••ands :
FOR i d x • 0 TO 6 STEP 2I sysCode • buf f .. r ( i dx )

I I F ( sysCode • Systea ) THEN
cadCode • buf fer ( idx + 1)
SELECT cadCode

CASE 1 TO 4
TOGGLE (c a dCod e - 1 )

I
' Reset the IR Buddy This code is useful for clearing data from the RX
, buffer and preppJ.ng to eva t ch ecdes . Tilting specific . do not change .

, IR_Bud d y_Rese t :
'I LOY IRbSIO ' signal reset

PAUSE 5
I INPUT IRbSIO . release reset signal

I 've been programming BASIC
Stamps for almost nine years
now and I can say without hesi-

tation that the last couple of months
have been the most fun. The new
PBASIC editor actually makes the
BASIC Stamp seem like a brand new
microcontroller. Have you eve r
owned an old car that you loved so
much that you had it painted instead
of trad ing it in and suddenly, that old
car seems like it was brand new?
That's how the BASIC Stamp feels
now - even the stock BS2- using
the new edito r. It genuinely feels like
a brand-new machine. The best part
is that th is "new" feeling comes
absolutely free!

So what, exactly, is new? In a
nutshell , PBASIC has been "normal­
ized" to include BASIC language syn ­

1---- - +-- -
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$14.95
$19.95
S19.9S

$9.95
$8.95
$8.95

$39.9S

S269.95
$349.95
$429.95

And now for the good stuff. With
the tokenizer much easier to update,
making changes to it and the way it
handles PBASIC language parsing
becomes simpler to implement and
to test. And that's what gets us to
where we are today. Based on cus­
tomer requests and using other ver­
sions of BASIC as models, PBASIC

PROFESSIONAL FM STEREO RADIO STATION

Learn howAM.FM. andShortwave radios WOf1<! Gobackin time. andIeam the
theoryhowto useacrystal diodeto convert AM radiotoaudioyoucan hear!
Learn thebasics of bellsandmotors. andactually watch themWOf1<! Startagreat
hobby inelectronics withour 130in 1 Electronic Lab. andbuildaradio. radio
broadcaster. electronic organ. kitchen timer, logic drcuits. andmuch. much
more! Allkitsaresolderless. using spring-eoil connections.making itsafeand
easy foranyone to build. Detailedstep-by-step instructions areincludedto guide
youthroughtheentire project Learn about electronics andstudythe wonders of
science today!
AM2 AM RadioKit
AMFM7 AM/FM RadioKit
SR3 ShortwaveAM RadioKit
CS2 CrystalRadio Kit
BA1 BellAction Kit
MAl Motor Action Kit
PL130 130 In One Electronic lab Kit

,f Synthesized 88 to 108 MHzwith nodrift !
./ Built-inmixer- 2 lineinputs,onemicro­

phoneinput. line levelmonitor output!
,f Highpowermoduie available fOfexportuse

lIl~~~~ml ,f NI newdesign for 2002!
• Introducing theFM1008. theall newdesir, of

ll,;~r ~;~:~~ai~~~Ji~~!S~s:=~;f~
d e best performance ever!Frequency synthesizedPLLassuresdrift-freeopera­
tionwith simplefrontpanel frequency sclection. BUilt-in audiomixer feabJres
LEDbargraph meters to make setting audioabreeze. Thekit includesmetal case.
whipantenna and built-in 110 voltACpower supply.
FM100B Super-ProFM StereoRadioStationKit
FM100BEX 1 Watt. ExportVersion. Kit
FM100BWT 1 Watt. ExportVersion. Wired & Tested

• • •

$64.95
$19.95

$89.95

ION GENERATOR

PLASMA GENERATOR

These areeasyto buildkits that can be used either stand-
4 alone or asbuildingblocks for morecomplexprojects.

TS4 Tickle-Stick Shocker $12.95
BN9 Super Snoop Amplifier Kit $9.95
BL1 LED Blinky Kit $7.95
TOl Tone Encoder/Decod er Kit $9.95
m TouchToneDecoder Kit $24.95
CP03 Code Practice Oscillator Kit $14.95
UTS UniversalTImer Kit $9.95

r ,f Generate 2' sperks to ahandheld screwdriver!
.I Buildyour ownplasma balls!
,f 2SKV at 20 KHzfromasolid state source!
Generate really impressive sparks. buildyourownplasma
ball.light fluorescent tubes without wires! From asolid
state source. generate over2SKV at 20KHzlor themost
darningdisplays!

Plasma Generator Kit
14VACOutput Power Supply

put was compared with the existing
assembly-language tokenizer to
ensure a perfect byte-for-byte match.
Once the new tokenizer was fully test­
ed and approved, it was folded into
the editor and has been there since
version 1.32. The tokenizer is also
available - pre-compiled only - for
Windows, Mac, and Linux developers.

./ Generatesnegative ionswithablast of fresh air!

./ 7.5KVDC negative.400uA • that'sa lot of ions!
,f Steady state DCvoltage. constant current,not pulsed!
Learn thebasics of ion repulsion bybuilding thisiongenerator!
Creates acontinuous blastof fresh airchargedv.ithatonof
ions. Perfect IOfpollution and air freshening; justsmellthose
ions! Solid state windgeneration; you'U beamazed!

Ion Generator Kit $64.9S
110 VAC PowerAdapter $9.95

AND...OUR FAMOUS MINI-KITS!

,f Measuresspeed from10 to 110 MPH!
,f Switchable USOfMetric!
NowYOU candock thatcopcar!Uses thesame dopplerradar
technology as theirradar gunsuse. Wetookit out on theroad
andsetoff aLOT of radar detectors andthetraffic slowed right
down! Requires sixMA batteriesnot included.
HandHeldSpeed RadarGun. Assembled!

HAND HELD SPEED RADAR GUN

35 WAn LPFM STEREO TRANSMITIER

ELECTROCARDIOGRAM HEART MONITOR

,f 3SW RF output. VSWR protected
./ Automatic audio& powercontrols
,f Digital synthesized PlL
,f FuU frontpanelcootrol
,f 110/ 220VAC. 12VDC operation

Whether yourapplication isexportor LPFM. thePXl hasyoucovered. From the
over-rated continuous dutypower supply & power amplifierto the2 linevacuum
fluorescent display. yourstation willbethe easiest to setup andthemostreliable
for continuous operation. RJII microprocessor controlsprovidea "virtualengi­
neer". Check out W\>W.highpowerfm for fulldetails.
PX1 35W Professional FM5tereo Transmitter $1,795.00

PG13
PS12

"_:_-- # ._.
. - .. - .

,f Visible andaudible "splayofyourheart rtlythm

•" filili' ./ Re-usable sensors included:just likevisitingthe hospital!
,f BlightLED ' beat" iOOICalOf
,f MonitoroutputIOfoscilloscope display
Enjoy learning abouttheinner wor1<ings of theheart whilecov­
ering thestageby stage electronic circuit theoryof ECG/EKG
systems. Beheartsmart andlearn at the sametime! Simple

andsafe 9VBattery operation.
ECG1 Electrocardiogram HeartMonitor Kit $39.95
CECG MatchingCase & Knob Set $14.95
ECGP10 Replacement ReusableProbePatches (10·Pack) $7.95

significant challenge - and a good
reason why there are a few BASIC
Stamp kind-of-work-alike products,
but no actual third-party BASIC
Stamp clone that works with the
Parallax editor/compiler. You see, the
Parallax tokenizer is more than a
compiler; it actually compresses the
tokens so that the 2K EEPROM on
the BS2 can hold more
than 2K worth of instruc­
tions and data. It's more
than a bit tricky, to say the
least.

Once it was all work­
ing, you can imagine that
no one was anxious to tear
into the tokenizer for more
than updates as were
required to support new
BASIC Stamps. When
Parallax decided to create
tools for Windows, the
assembly-language tok­
enizer was simply linked to
the Windows editor, which
worked because Windows
and the tokenizer were writ­
ten for Intel platforms.
Ultimately, however, the
popularity of non-Wlntel
operating systems and
platfoms and many BASIC
Stamp users' desires to
have native tools for these
platforms won out.

So, a little over a year
ago, Jeff Martin of Parallax
began the arduous process
of converting the assem­
bly-language tokenizer to C
(for portability to virtually
any OS) . Testing the new
tokenizer took nearly as
long as writing it. And test­
ing is something that
Parallax is very cautious
about, especially when it
comes to anything that
affects the millions of
BASIC Stamps that have
already been sold. This
process took quite a while
because literally thousands
of BASIC Stamp programs
were compiled and the out-
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has bee n updated . The nice thing is that if you do nothing
with your old code, it will compile in the new editor as-is.
If you choose to use the new language features, you just
tell the editor that's what you're doing and away you go.

PHASIC 2.5

Since the language update affects only the BS2 fam­
ily, it is being labeled PBASIC 2.5 . To tell the editor that
you 're writing using this syntax, you 'll add a compiler
switch at the beginning of your code:

, {$PBASrc 2.5}

This is similar in format to the $Stamp directive used
to identify your ta rge t hardware and must be on its own
line. There's also a new toolbar button that will drop this
switch in for you .

Probably the most requested update to PBASIC has
been the inclusion of IF·THEN-ELSE. In classic PBASIC,
the IF-THEN co nstruct is identical to th e assembly code
that it calls and takes this syntax:

IF (condit ion) THEN label

This syntax is still valid an d doe s work under PBASIC
2.5 . But what BASIC Stamp customers have long asked
for and now they can use is this :

IF (condit ion) THEN
, statement(s)

ELSE
, statement(s)

ENDIF

For those with a ba ckground in other versions of
BASIC, th is looks quite normal - with the possible excep­
tion of the ENDIF keyword . ENDIF was selected over
"END IF" (as in Visual BASIC) to simplify the tokenizer
parser and keep things efficient.

There is a bit of short-cutting the programmer can

Stamp Applications

do , depending on the complexity of you r code. For exam­
ple:

IF (condition) THE N
GOSUB label

ENDIF

can be simplified to :

IF (condition) THE N GOSUB label

While not frequently used, PBASIC does allow multi­
ple statements on the same line . I don't generally advo­
cate using mo re than one statement per line, the example
above being an exception that I do use in my own code.
If you have just one statement per block, you can put IF­
TH EN-ELSE on a single line like th is:

IF (condit ion) THE N statement ELSE statement

Note that ENDIF is no t used when IF·THEN·ELSE is
on a single line. Fina lly, while not recommended, you can
put multiple statements per block on one line by separat­
ing the statements with colons.

IF (conditi on) THEN statementl : statement2 ELSE statement

I tend not to use this syntax style because it leads to
long lines that can become error-prone when editing.

And while we're on the subject of long lines, another
frequent request by BASIC Stamp users is the ability to
split a single long line across two or more shorter lines .
This is now possible - so long as you've got a list on the
line that is separated by commas. If this is the case, you
can separate the long line at the comma character. Here's
an example:

BRANCH value, [Target1, Target2 , Target3 ,
Target4, Target5, Target61

WINTER !iPE[IAL!i!

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

Over 100,000 constantly updated problem/solutions plus.•.
• TechsChat live chat room. • ULIFCC number lookup.
• Private user discussion forums. • Hot tips bulletin board.
• Automated email list server . • Manufacturer information.

To accrss Repair ts' orld; direct your interne' browser to IlIIp://www.repairwar/d.conJ
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[Mr.Nicdj
Packs & Charger for YAESU FT-50R ! 4CR 1 10R:
FNB-40.h S>~~.... 7.2v 650mAh $41.95
FNB-47.h I~"'" 7.2v 1800mAh $49.95
FNB41xh IS. N,MHl 9.6v 1000mAh $49.95

For YAESU F T-51R / 41R / 11R:
FNB -38 pa ck (5Wl 9.6v 700 mAh $39 .95

For YAESU FT·530 1 4 16 / 816 1 76126:

FNB·26 ""' I~"'" 7.2v 1500mAh $32.95
FNB·27s !5.~"'" 12.0v 1000mAh $45.95

For YAESU FT·411 I 470 1 73 133 123:
FNB-l1 ,,' k(5w) 12.0v 600 mAh $24.95
FBA-l0 60Ceil AA ca se $14.95

Packs for AL/NCO OJ-S80 / 582 1180 radios:
EBP-20ns .., k 7.2v 1500 mAh $29.95
EBP·22nh pk(5w) 12.0v 1000mAh $36.95
ECH-ll 60Ceil AA ca se $14.95

For lCOM IC-Z1A I T22-42A I 001- 32A I T7A:
BP.180.h .. I~~I 7.2v 1000mAh $39.95
BP-173 pack l5w) 9.6v 700mAh $49.95

For ICOMIC-W21A 12G.xAT I V21AT:rBtael< tNo,..yj

BP-132s !SwNoIM! 12.0v 1500mAh $49.95

1
1KII ISIIATTlR ILS I

IN AM ERICAI
For ICOM IC-2SAT I W2A 13SAT / 4SA T etc:
BP-83 paok 7.2v 600mAh $23.95

For ICOM02A T etc & Radio Shack HTX-202/ 404:
BP-8h pa ck 8.4v 1400mAh $32.95
BP-202s p. ek fHTX-2021 7.2v 1400mAh $29.95

For KENWOOD TH-79A1 42A I 22A:
PB-32xh Pi ck (t-aMH) 6.0v 1000mAh $29.95
PB-34xh p lck l5w Nl~1 9.6v 1000mAh $39.95
For KENWOOD TH-78148 1 28 12 7:

PB-13 rorig!>!l sin ' l 7.2v 700mAh $26.95
For KENW OOD TH-77 . 75. 55. 46, 45, 26, 25:
PB-' x tNl""'wi \ 7.2v 1200mAh $34.95

Mail, phone, & Fax orders welco me! Pay with
Mastercard I VISA I DISCOVER I American Express

Ca ll 608-831-3443 / Fa. 608-831-1082

Mr. NiCd - E I/. ros l & Company
2211-0 Parview Road, Middleton, WI 53562

CAll OR WRITE FOR OUR FREE CATALOGI
Cellulilf' l aptop I Vldeocam ' Commeroal& A~tlon packs toot

E-mail : ehYOS1@m:;;;idP;;;;la;;;;ins;:;;.n;;;;et;;;;;;;;;;;;;;;;;;;;:,I



Breaking lines at commas also works with DEBUG,
SERIN, SEROUT, LOOKUP, LOOKDOWN - anywhere
you have a comma-separated list of items.

Back to language updates. I never asked Chip , but I'm
pretty sure that BRANCH was inspired by the old GWBA­
SIC/BASICA syntax:

ON value GOTO Targetl , Target2, Target3 , ,..

DO
idx =idx + 1
IF (idx >= 10) THEN EXIT

LOOP

Note that EXIT will cause the program to jump to the
line that follows LOOP, While valid, another - argua bly
better - way to write this loop is like this:

For those of you that have used those "older" PC ver­
sions of BASIC, you'll also remember this:

DO
idx =idx + 1

LOOP UNTIL (idx >= 10)

ON value GOSUB Subl , Sub2, SUb3, ...

Good news: Both now exist in PBASIC. The latter is
pa rticularly useful in the style that I like to write programs
for robotics. My preference is to have a main control loop
that calls small routines and can change the order that
these routines run based on current conditions (sensor
input, etc.). In the past I used BRANCH, but this meant
that all of my code blocks had to have a GOTO back to a
single location ; a location that could change, which meant
multiple edits. By cha nging BRANCH to ON value
GOSUB, this is no longer a requ irement as the RETURN
at the end of my subroutines will handle getting them back
to the right place and also makes them call-able from other
locations in the program.

This is really good stuff. Let's keep go ing!
Another new language feature for PBASIC is DO·

LOOP. Its general form is defined a couple of ways. Here's
the first:

If we look at the first two examples, the value of idx is
incremented before testing and the loop co de runs at least
once. We can check the limit before running the loop code
if we rewrite it like this :

DO WHILE (idx <= 10)
idx = idx + 1

LOOP

Another thing that I should point out is that UNTIL
and WHILE can generally be interchanged , though most
programmers will use them as I've demonstrated above.

The last major language update is the addition of
SELECT·CASE. In PBASIC, its implementation is like this:

SELECT expression
CASE condition(s)

I statement(s)

DO
I st atement(s)

LOOP

CASE condition(s)
I statement( s)

This form is an infinite loop that will run until a GOTO
or EXIT (new keyword) brea ks us out.

CASE ELSE
I statement(s)

ENDSELECT

ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150
(513) 831-9708 FAX (513) 831-7562

web site - www.arlabs.com email . ar la bs@worldnet.att. net MADE IN Til E U.S.A.

EPROM+
A device programming system
complete Info at www.arTabs.com
+ EX CEPTIO NAL POWER FOR THE PRO
+ EAS Y-TO-USE FOR THE NOVICE

Her e 's what you get: A rugged. portable programming unit including the power pack and printer port
cable both of which store iriside the case . A real printed user and technical manual which includes schema tic diagrams
for the.programming unit plus diagrams for all technology family adapters" . Comprehensive. easy-to-use software
which IS specifically designed to run under Windows 95. 98 , ME and OOS on any speed machine . The software has
features which lei yoUREAD, PROGRA.'" COP Y and CO:\IP.4.RE plus much more . You have full access toyour

S:::ECJ:hsk~dc~~1~~~f~~~~r ~Iai~~'~~~c~'f5;~I~~'=~~vfd:e:s~f~~T:u~~E~I~~?~?~~~
com prehensive bit and byte tool kit with more than 20 functions .

Broad device support: Including FIRST G[:\ [ RATl O:\ [ PRO:\IS (2708, TMS2716*, 25XX etc.)
SECO:'liD GL.' ERATIO~ [PRO'lS (2716-27C080)(8 MEG). 40 nd 42 PI:'IiEP RO'lS· (27CI02 4--27C322)(32MEG)
EEPR O:\IS (2816-28COIO)PLUS ER590I . FLASH EPRO:\IS (28F,29C,29EE.29F)(32 MEGI. ~\'RA:\iS (I2,20,X22IQl I2)
8 PIS SERIAL EEPRO:\iS· (24 ,25 .S5, 93, 95, SOO IIA) PLUS ERI400I:\l~8657·

BIPOLAR PRO:\IS* (74SJS2Sl. SERIAL FPGA CO~ FIGl'RATORS (I7CXXX) $289
:\iI CRDS· (S74X.87SX.87CSX,87C7SX.89C) AT:\IEL :\IICROS*(89S.90S)(AVRI
PIC :\IICROS* 8. 18.28. 4{) PIN ( 12CXXX.I6C5X.6X.7X.SX PLUS FLASH & 17C)
:\IOTOROLA MICROS * (68i05P3iU3/RJ. 68HC705C8IC9 /J2IP9, 68H(11 all families)

~\~U~~ ~~!r:t:~~u~o3~~~I;\~6~a:~.rl~~~kE~~~~~;~a~rntab 57.00 SHIPPING + 56.00 C.O.D.
*REQl'IRES S:"A P.I:"\jADAPT ER (O RDE R FACTO RY DIR ECT OR Bl 't LD YO l: R.....ELF) VISA . MAST ER CARD . Ai\lE X

PAl( Coprooessors
~ 32·bil floatingpoint math(PAK·Ii)
~ 8 channels01PWM/PulseI/O(PAK·V, Vii, VIII)
~ Read PS/ 2 keyboardsor mice(PAK·V1)
~ RootingpointA/D (PAK·IX)
... Data sheetsandprojectsonline

Check out our tools and PAK coprocessors for Basic
Stamp. PIC. AVR, 805x, 68HCll, or any MPU, Our
prototyping tools saveyour time and our PAKs add
powerful features to yourdesigns. Visit our Web site
nowfor free tutorials, tools. andprojectsI~

AWC

310 Ivy Glen
LeagueCity, TJ( 77573
(281) 334-4341
(28 1) 754-4462 (fa,)

PrototyplngTools/Kits
~Programmable logicprototyplngkits

(Xllinxand Altera)
~ RS·232 prototype boards
~ Power supplykits
~MPU/lntemet gatewaysoftware
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The expression po rtion is a variable, constant, or
expression. The condition pa rt of each CASE statement
is very flexible, as in other versions of BASIC - but with
some of the additional flexibility that we're accustomed to
in Parallax BASIC.

Here's how the CASE syntax works:

CASE condit ional_op expression

Where condltionelop can be = (implied), <>, <, >, >=,
or <=. Multiple conditions within the same CASE ca n be
separated by commas. If, for example, you wanted to run
a CASE block based on a value being less than five or
greater than l 0, the syntax would look like this:

CASE <5, >10

Here 's another way to implement CASE:

CASE value I TO value2

In this use, the valid range is from value } to value2,
inclusive. Let's ta ke a look at a bit of actual working code.
This subroutine is lifted from an update of the dev ice con­
troller example us ing the Parallax IR Buddy. In this code,
one of four outputs will be toggled if the co rresponding
numeric key is pressed on a co mpatible TV remote. If the
Mute button is pressed , all outputs are tu rned off.

Process_Commands:
FOR idx = 0 TO 6 STEP 2
sysCode = buffer(ldx)
IF (sysCode = System) THEN
cmdCode =buffer(ldx + 1)
SELECT cmdCode
CASE 1 TO 4
TOGGLE (cmdCode - 1)

CASE Mute
Ports = AllOff

ENDSELECT
ENDIF

NEXT
RETURN

Notice the use of CASE l TO 4 for the decoding of
numer ic keys from the remote and the implied equality
when han dling the Mute button value.

For those that come from a C or Java background ,
you know that in those languages the statements in
CASE block fall through to the next CASE block unless
the keyword break is encountered . In BASIC, the code
under an executed CASE block jum ps to after ENDSE·
LECT. In PBASIC 2.5 , we have the option to make it drop
through to the next CASE block for condition testing, if
we choose.
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In orde r to make CASE code drop through to the
next CASE block, we will change the subsequent CASE
to TCASE (throu gh CASE). After execution of the st ate­
ments within the TCASE block , the program jumps to
afte r ENDSELECT, unless followed by another TCASE.

A New PHASIC, A New Type

A big pa rt of the BASIC Stamp's success is due to the
variable type flexibility: Bit, Nibble , Byte, and Word - I'm
often wishing the PC versions of BASIC (and other lan­
guages) allowed bit and nibble variables. With the new
language co mes a new typ e definition: PIN. The reason
for the PIN type is that some elements of PBASIC expect
an I/O pin value in the form of a co ns tant, while other ele­
ments require a variable (Le., InOor Out l B). By usin g PIN
instead of CON, we no lon ger have to con cern ourselves
with syntax; the editor adjusts automa tically.

Let's look at an example from the IR Buddy. In clas­
sic PBASIC, the se rial pin was defined like this :

IRbSIO CON 15

... which works fine for SEROOT and SERIN. But
one of the features of the IR Buddy is that it will indicate
that it's busy tran smitting by pulling the serial line low. In
orde r to monitor the serial line, we had to write code in
this style to use the previously-defined pin constant:

TX_Wait:
IF (Ins.LowBit(I RbSIO) = 0) THEN TX_Wait

Works , but is a bit clunky. In PBASIC 2.5 , we ch ange
the serial pin definition to:

IRbSIO PIN 15

... which has no affect on SEROUT and SERIN, yet
greatly simp lifies the busy check.

TX_Wait :
DO WHILE (IRbSIO = 0) : LOOP

The editor is intelligent in its an alysis and evaluates
the code as :

DO WHILE (In1 5 = 0) : LOOP

If, on the othe r hand, we had written :

IRbSIO = 1

The editor would evalu ate this sta tement as:

Out15 = 1



In the end, the PIN type lets us think about I/O pins
as I/O pins and the editor correctly handles the syntax
details. As with the other improvements, it just makes
PBASIC easier and, dare I say, more joyful to use.

Okay, I'm almost out of space, but I want to share
just one more update. This will really be welcomed by
those who use the BASIC Stamp's EEPROM as data stor­
age or table space. WRITE and READ have now been
updated to work with 16-bit variables. To make this hap­
pen, you put that modifier
Word in the code. Like
this:

WRITE address, Word value
READ address, Word value

The approach used is
Little-Endian; the low-byte
of value is stored at or
read from address and the
high-byte at or from
address+ 1. Keep this in
mind when writing data
storage programs that
expect 16-bit values in
consecutive locations. If
you're storing or reading
Words, you'll need to
increment your EEPROM
address pointer by two for
your next access. If you
leave out the Word modifi­
er, WRITE and READ will
work with Bytes as in clas­
sic PBASIC.

The new editor with
PBASIC 2.5 is scheduled
for release toward the mid­
dle of this month, so be
sure to check the [also
new and improved]
Parallax web site for
details. Let me stress one
more time that this is just
an editor upgrade - you
do NOT need to return
your BASIC Stamps for
reprogramming. How
often does that happen ...
a new BASIC Stamp with­
out updating or buying a
new BASIC Stamp? Now
that's cool.

Happy New Year! And
until next time, Happy
Stamping.

Stamp Applications

83



by Gerard Fonte I

The Business of Electronics Through Practical Design and Lessons Learned

In The Trenches
Project versus Product

Introduction

This is the first in a series of
columns that looks at the business
perspective of electronics. This is
about the things learned from
experience, rather than from a text­
book. This is about practical elec­
tronic design direct from the
trenches. Hence the title. The idea
is to show how to design better with
real-world examples and from les­
sons learned the hard way.

Project vs. Product

project is certainly a probable step
in creating a product. But, it is not
a product.

Don't Force-Fit the
Design

The first step in the design of a
product is the most important. This
is the technique you choose to
design with. Analog? Digital? ASIC
(Application Specific Integrated
Circuit)? Software intensive?
Hardware intensive? CMOS?
Bipolar? Do you know the trade­
offs between these techniques?

Often I hear: "I did it that way
because that's the only way I knew
how." This is a fine answer for a
project, but not for a product.
Since there are always many ways
to approach a problem, that "only
way" is not likely to be the best
way. The result is a force-fit design.

For example ... One client
manufactured a product that meas­
ured the temperature of an imals
internally. The client chose an ana­
log approach. He used a thermistor
coupled to an oscillator as a tem­
perature-to-frequency converter.
Then he used this signal to create
constant length pulses which he
rectified and then filtered to get a
DC signal proportional to the tem­
perature, and scaled that to inter­
face with his control system.
Clearly, this approach will work.
Also, clearly, it is awkward.

Not surprisingly, the client had
problems with repeata bility
between units. So he added trim-

mers for adjustment. Since the bat­
tery voltage affected the oscillator,
he added a voltage regulator. He
wanted this circuit to run for 60
days on a small battery. But, con­
tinuo us operat ion dra ined the bat­
teries in five days. So , he added a
timer-switch that turned off the cir­
cuit for 90% of the time. As you
can see, he forced the design
approach and it became overly
complex and unreliable. How
would you approach this design?
Why is your approach better?

Read and Learn,
Forever

Natu rally, no one can know
everything. But, it is very important
to be familiar with many tech­
niques. This requires you to read,
read, read. Read trade journals,
magazines , application notes, data­
books, advertisements, and go to
manufacturers' seminars and trade
shows. Before you start drawing
the schematic, stop and consider
the best approach. The easiest,
most familia r way may not be the
best.

And don 't be afraid to learn.
That's something engineers are
supposed to be good at. A smart
engineer's education neve r stops.
Besides, learning a new technique
means that you have a good rea­
son to get that new software simu­
lator, ha rdware development sys­
tem , or test instrument that you 've
wanted. Also, form a network of
designers. In this way you can help



was new and sounded very sexy for his product. He
thought it would be a nice selling point. In those areas,
he was probably correct. However, his technical require­
ments - very low power, very small size, simple receiv­
er, low cost, and no external transmitter antenna ­
made the spread-spectrum approach impractical. What
approach would you use? Why? How would you con-
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Design Factors

each other out. Your strengths will benefit everyone in
the group. Conversely, their strengths can he lp you
choose the best approach and design a better product.

The next step is refining the
you r prod uct. Is su rface
mount appropriate? Is
reliability more impor­
tant than cost? Is size a
factor? How easy will it
be to manufacture? Is
the production quantity
going to be large or
small? These are the
"design-for" factors and
each is the subject of
many books (Design
for Qu ality, Design for
Production, Design for
Testing, etc.).

Don 't blind ly
choose the hottest or
newest techn ique.
Choose the best tech­
nique. It ma y be fun to
tryout the latest multi­
layer PCB design soft­
ware and create a six­
layer board that's state­
of-the-art. But is that
level of technology nec­
essary?

Remember, a prod­
uct costs money to
design , produce, and
support. The most cost­
effective approach is
rarely the most techno­
logically advanced. The
reason for that state­
ment is because most
products are not tha t
technologicall y
advanced . Use the
most appropriate tech­
nology for the product.

For example , a
client needed a simple
transmitter to signal a
relay to close. He had
heard about spread­
spectrum transmitte rs
and wanted to design
with that approach. It



In The Trenches

v ince your c usto mer/ bo ss th at
your approach was better without
upsetting him/her? People skills
are important in design, too.

Reliability

A big difference between a
project and a product is reliability.
A product must be reliable (yes,
even software!). It's okay if you
have to make continual ad just­
ments on your home-made rece iv­
er. But, a customer expects a prod­
uct to work the first time and ever y
time. Would you settle for a radio
that kept drifting off-station every
five minutes?

Give your product to others
and listen to all of their co mments
(th is is called "marketing") . Look
closely and fix the wea k po ints in
your design. You can be su re that
these weak po ints will cause prob­
lems. Fix them before you start
production. Th ey w ill not g o
away by th emselves! It's a lways
easier to re-design a product befo re
sales have been made.

Some people are in a hu rry to
get a product out, so it's so ld with
known defects. The idea is to get
some money and then re-design
the product. This is both short­
sighted and of questionable ethics .
Selling unreliable products will give
you a bad reputation. So , even if
you fix your product, you have lost
customers. Lost customers are not
likely to buy anyth ing from you
again. Your customers give you
money. Cherish them.

Know Your Market

you know the market. A product
must have a market. A project has
no market.

For example, it would make
per fect se nse for an en gineer to
develop a new type of test instru­
ment that fellow engineers would
like to use and buy. That person
knows what is currently available
and has some idea of how the new
product compares. This is vitally
imp ortant information. This tells
you how the market will react to
your product. That is, if there is a
demand for your product.

It makes less sense for an engi­
neer to develop a new eating uten­
sil. The co mbina tion spoon-fork
may seem like a great idea . But
how much do you know about
other eating uten sils? Are there
other "sporks" available? Have they
been tried before? If so, why aren't
th ey genera lly available? How
much effort are you going to spend
learning about flatware? Probably
not much. Because, if you were
that interes ted, you'd pro bably be
workin g for a company that
design ed them. Without a solid
un der st anding of the market
(which does take a lot of effort) , it's
virtually impossible to sell a prod­
uct profitably.

Pricing Your Product

A project is rarely cost-effec­
tive. Most often there is a n inordi­
nate a mo unt of labor that must be
expe nded. Most often, this labor
cost immediately makes the "prod­
uct" impossi ble to manufacture
profitably. I have found that few
newco mers to bus iness have a feel
for how much it co sts to manufac­
tu re a pro duct.

Briefly, you must plan on
$25.00 to $35.00 per hour for
labor. This is what is called a
"load ed la bor cost." It includes
sa lary, benefits, taxes, rent, equip­
ment, and everything else. So, if it
takes two hours to assemble your
prod uct, with $35 .00 worth of parts
(don't forget the co sts of the PCB),

the basic production costs will be
about $100.00. This makes your
selling price at least $200.00 . This
covers your profit , taxes, advertise­
ments, development costs, and so
on . Sometimes a person will build
an d sell the product as an individ­
ual. In this way, the costs are kept
low. However, this creates a pro b­
lem . Suppose, in the above exam­
ple , you personally assembled the
product and paid yourself
$10.00/hr. Since you have your
own equipment, home, etc ., you r
overhead is low. So you manufac­
ture your product for $55.00 and
then sell it for $80 .00 . This seems
good. You are getting $25.00 profit
per unit.

Now suppose you get an order
for 1,000 units. Sounds gre at! A
$25,000.00 profit! But, in reality,
this is a disaster! One thou sand
units will take 2,000 hou rs to
assemble. This is 50 weeks at 40
hours per week. No one will wait a
year for delivery. So, you need to
get outside help. This will force the
cost of your product up beyond the
price you are selling them for, to
about $100.00. You will lose
$20.00 per unit , or $20,OOO.00!

This is because your "produ ct"
was a "project." You were spending
your time at an unreasonable cost.
With a project, time spent has little
meaning. With a product, the labor
time is usually the greatest factor in
pricing. This is why many products
are assembled overseas. The la bor
costs can be reduced substantially.
(But the quantities and lead times
are large .)

Product Design
Philosophy

A successful product is not
simply a piece of hardware or soft­
ware. Rather, it is a combination of
many factors and considerations
that must be addressed from the
start. With a project, these fact ors
are not important. So you can now
see why it's often difficult to con­
vert a project to a product. I follow
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the KISS (Keep It Simple, Stupid ) approach for all my
designs. Th is results in reliable, cost-effective products.
I will often use a single, more expensive, part to repl ace
a num ber of lesser expensive parts. Th is reduces labor
costs which usually more than offsets the increased
pa rts cost. Additionally, fewer parts means a simpler,
smaller PCB wh ich fur-
ther reduces cost and
increases reliabili ty.

A few words concern­
ing PCB design. First,
there is rarely a true need
for more than a two -layer
board (standard double­
sided board). In fact, vir­
tually all analog boards
can be single-sided (but I
often use the second side
as a ground plane for
im proved performance).

Secondly, I have yet
to find a PCB autorouter
that is worth using. This
is because the PCB layout
is a cr itical factor in prod­
uct performance and reli ­
ability. The low-en d
routers don 't know the dif­
ference between a high­
current output trace and
a sensit ive sensor input
trace. Naturally, this caus-
es degraded performance
and some st range and
very difficult-to-find fail­
ures.

Finally, these routers
tend to use small trace
widths because it 's easier
to route thin lines. Th is
further reduces reliability
because thin traces (and
spaces) are more easily
damaged and are harder
to m anufacture. (I typical­
ly use 0.020 inch traces
and 0.0 15 inch spaces.)

Product development
is fun and interesting.
But, it requires a balance
between m any facto rs.
So, it' s not as sim ple as it
first appears. However, as

Conclusion



by Stonley York

Exploring and Experimenting With Losers and Their Properties

Laser Insight
Building a Battery-operated Optical Pulse Detector

Last month, we took a quick
look at some different photo­
sensors and their relative use­

fulness when applied to the detec­
tion of high-speed optical pulses.
Some of the disadvantages with
light-dependent resistors (LDRs) and
photovoltaic-type semiconductor
sensors were pointed out. The photo­
conductive-type diodes are generally
accepted as being probably the best
(in terms of speed, anyway) among
the laser industry. Photoconductive
diodes can be made very small, and
the size really determines how fast
the diode can respond to a given
optical stimulus. A small diode junc­
tion means lower junction capaci­
tance and consequently a faster
charge (or discharge) rate.

Usually, anyone in the laser
industry would use an optical ener­
gy meter to measure the actual
energy in the laser beam. This
device most often uses a thermopile
and blackbody absorber to convert
the light energy into heat, and then

process the information from the
thermopile to display the energy in
Joules (after James Prescott Joule,
the British scientist and inventor
who did much to quantify the rela­
tionship between work, energy, and
heat). Unfortunately, the laser power
meter is another instrument that is
rather specialized, and thus quite
expensive. If you 're lucky, you may
come across one at Laser Resale
(Sudbury, MA). Their web site is
www.laserresale.com and they
always have a wide variety of laser
systems and accessories, although
there is a high demand for surplus
laser equipment and some of the
stuff disappears fairly quickly , so
you have to pay attention. An ener­
gy meter, however, only tells you the
amount of energy in a laser pulse. It
gives no indication of beam or pulse
quality, and this is where the photo­
diode comes in. Later in this series,
we will be looking at holograms, and
you'll see then how important the
beam and pulse quality are. This

month though, we're going to use
some of the information from last
month to build a battery-operated
optical pulse detector. With this unit,
it will be possible to adjust the mir­
rors of a pulsed laser to get the high­
est energy and best pulse form out
of the laser. I'll explain how to do this
later in the article. A word of warn­
ing though, before we start. Under
no circumstances shoot a laser
beam directly into the photodi­
ode. A chopped HeNe or diode
laser perhaps won't do any damage,
but any kind of pulsed laser will
almost certainly destroy the diode.

Generating
the bias voltage

In order to use a photodiode for
high-speed optical pulse detection,
we have to provide a high-voltage
reverse bias to the diode. To do this,
we're not going to use a mains-driv­
en power supply, but rather use a
battery and voltage multiplier circuit

Figure 20-1 : Schematic for the photodetector bias voltage generator.
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for safety and portability. Since we don't require very high
voltage and the diode doesn't draw any current, a nine-volt
battery should last quite a long time. Turning to Figure 20­
1, you'll see that there is really nothing complicated about
the circuit for generating the bias voltage. We're using a
nine-volt battery and an LM555 wired in astable mode in a
diode pump circuit to boost the terminal voltage on the
diode to about 35-40 volts. A resistor in series with the diode
limits the available current to a safe level for the diode . In
this circuit, the 555 timer generates a
free running pulse waveform that
feeds nine-volt pulses to the diode
pump circuit consisting of diodes D1­
D9, and capacitors C3-C12 . The
diodes and capacitors form a voltage
multiplier that boosts the nine-volt
pulse train to about 35-40 volts or so
DC at the output terminal. This volt­
age is then ap plied as a reverse bias to
the photodiode via R3 and R4. The
output signal is taken from across R4,
and is a positive-going signal.

Make sure you use a carbon resis­
tor for R4. A sp iral track etched in a
carbon film resistor may have some
small inductance that could influence
the output during fast transitions, and
possibly give false 'ringing.' You will
notice that there is no gain stage
(amplifier) included with this circuit.
The reason for this is simple. Any gain
stage introduces propagation delays
and bandwidth limitations. To be more
effective as a high-speed photodetec­
tor, it follows that any gain stage will
alter the overall pulse waveform due to
these effects , so the output will not be
a true representation of the optical
waveform. A gain stage could be
added, but it would be a special design
with critical components and circuit
layout, in order to follow the high­
speed transitions of the diode . Most
op-amps have a limited bandwidth
that is too low for the sort of rise times
you may expect to find in pulsed
lasers. In any case, the signal output
will likely be large enough for most sit­
uations.

A word on the photodetector. In
my unit, I used a photodetector from
an IR communications set-up . It was a
Motorola device, although the part
number was abraded to the point I
couldn't read it. However, I tried seve r­
al small photodiodes from some
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as they rotate. In add ition, part of
the incident beam is scattered by
the plates and further absorbed by
the housing of the chopper wheel.
The inside of the chopper box is
usually finished matt black to better
absorb this scattered energy. The
output beam from the chopper is
thus made into a rapid series of
pulses, each pulse amplitude is at
the CW laser power level. Figure 20­
2 illustrates the principle of the
chopper wheel. Here, a six-segment
wheel is shown . Actual devices vary
according to the manufacturer.

In use , the photodetector is nor­
mally used in conjunction with an
oscilloscope to view the laser pulse
in rea l time. For accuracy, the pho­
todiode must not be allowed to satu­
rate . If it does, then the relative
amplitude readings will not be pre­
cise . To prevent saturation, the light
reaching the photodiode junction
must be limited, and this can be
done in a number of different ways:

1. Point the diode in the oppo­
site direction to the laser target, and
allow multiple reflect ions from walls
or the ceiling to energize the diode.

2. Cover the photodiode with
multiple layers of semi-opaque
material to filter out the light.

3. Use neutral-density filters in
front of the photo-diode.

4. Use an iris in front of the
diode.

5. Use a chopper wheel (for CW
lasers) .

6. Reduce the output from the
laser.

Sometimes - as in the case of a
high-power laser - it may be neces­
sary to use a combination of the
above methods. Commercial
devices usually have some means of
attaching an iris to the front of the
photodetector, or perhaps a neutral­
density filter (this is just a piece of
vary ing density dark glass that, the­
oretically, has a constant attenua­
tion factor regardless of the wave­
length of the light, i.e., it is not wave­
length selective). Figure 20-3 shows
a typical output from this type of
photosensor. In this case, the pulse

Chopp« wIleel 01 slight
Qng}~ re-/ative to Jo~r b"om

the relative amplitude can be
assessed. One method of modulat­
ing a CW beam is to use a chopper
wheel , and there are a few compa­
nies that make them (Coherent,
Spectra-Physics) , but they are not
cheap.

The chopper wheel consists of a
circular pair of plates that have seg­
ments cut in them at regular inter­
vals. The plates are adjustable, so
that the amount of light passing
through can be increased or
decreased, according to the needs.
The plate assembly is spun at a fair­
ly high speed using a synchronous
motor, and placed in the beam path.
The rotating blades interrupt the
laser beam at regular intervals ,
causing a reduction in the average
light output, as well as interrupting
the laser beam and causing the
beam to pulsate.

At the time of writing this article ,
I had just rece ived my new Edmund
Scientific catalog, and on page 183,
there is an optical chopper wheel of
this type. Instead of varying the
spacing between the blades, the
Edmund device uses separate, inter­
changeable wheels . It comes with a
variable speed drive controller and
sells for $950.00. Chopping frequen­
cy is variable from 5Hz to 20kHz.
With high-power lasers, the portion
of the beam that hits the rotating
plates naturally causes them to heat
up. However, the plates will dissipate
a lot of the absorbed heat to the air

Rear wheel

+

Calibration
and testing

method you feel most comfortable
with. The circuit is very simple, and
layout is not important. Try to keep
everything compact and you 'll get it
all to fit inside a small metal or plas­
tic box. Just make sure that nothing
can short out , and keep jumper
wires or links as short as possible.
The photodiode should be mounted
in the end of a piece of dark plastic
tubing, or perhaps some other tube
painted black. There is no need for a
focusing lens in this device , as was
used in the rev counter a few
months ago.

Since this is a relative-reading
device , it will not be possible to
make any absolute value measure­
ments, except for time duration. You
can only compare amplitude results
with other light stimuli. However, you
can make some general assump­
tions and get good approximations.
You will find that the results you get
will depend on the power (energy)
of the laser, the relative reflectivity
of the target, and the orientation of
the photodiode relative to the laser
target. Remember, this photodiode
is ma inly useful for a pulsed laser,
and pulsed lasers generally have
brief, but very high intensity light
pulses. It can be used with a CW
laser too , but the beam will have to
be modulated in some way, so that

Figure 20-2: Principle of the chopper w heel.
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Figure 20-3: Typical output from the photodetector
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BYI Nine-volt battery

All capacitors SOV

D I-D9 IN914
D 10 Silicon photodiode
(see text)

Miscellan eous:
Perfboard or PCB, hook-up
wire, so lder, bat te ry clip, small
plastic or metal box, plastic
tube or heat shrink to fit
around diode.
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driven devices.
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Parts List
U 1 LMSSS timer

CI
C2-CII
CI2
C I3

RI 2.2k
R2 Ik
R3 33k
R4 Ik carbon
All resistors 1/4W metal film
unless otherwise stated

is a single pulse from an Nd:YAG laser. The pulse energy
was 300 mJoule aime d at a wall, with the photodetector
pointed at the ce iling. Figure 20-4 shows a se ries of puls­
es, this time from a HeNe laser. The laser was fired
through a home-made chopper whee l at a white sheet of
paper, and the photodiode angle adjusted to face the
paper a little off-axis from the target spot, so that it picked
up a seconda ry reflection from off the wall of the tube
su rroundi ng the diode. The rounded edges of the pulses
are due to the light being uncove red by the edge of the
chopper as it rotates , and shows a gradual change in
intensity before rapidly going full on or full off. In my
chopper wheel, I used a ca rdboa rd disk with narrow slots
cut into it. I then mounted this disk to a small DC motor
running at about 2,000 RPM. The HeNe beam was then
passed through the rotating disk about halfway from the
center. If you don't have a HeNe laser or chopper wheel
to test this device, you ca n always use your TV remote
control. These devices normally use an IR light-emitting
diode as the light source and ma ke an excellent substitute
for testing . In fact the photodiode is also a good device to
use to check your remote controls. The output from these
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chopper wheel - that energ y is going
to go somewhere! Stand a brick or a
second ceramic tile alongside the
chopper to prevent those reflections
damaging anything , and as always,
keep yo ur younger audience away.
Remember, you only get one set of
eyes ! Begin by aiming the laser
through the chopper wheel and onto
the target tile, and aim the photodi­
ode directly at the spot where the
bea m hits the tile. If you get a high­
amplitude pulse train on the scope,
turn the diode slightly so that it is
aimed off to one side of the target
spot. The amplitude of the pulse
should then dec rease , and you should
be ab le to adjust the laser mirrors for
maximum output.

In this case, you will try to get the
highest amplitude pulse. If you find
you reach diode saturation, but are
not sure that you have reached the
real mirror peak, simply reduce the
output power of the laser until you see
the pulse amplitude go down. A lower
power output from the laser is okay,
because the alignment of the mirrors
does not depend on the laser output,
but rather the other way around.
Peak ing the mirrors can be done at
any power level and will not change
as the laser outp ut power is
increased. As always, if you have any
questions regarding lase rs or optics in
general , or if you have any sugges­
tions for future columns, please send
me some email. I always answer
eve ryone who contacts me,
even though it sometimes takes
a while . My email address is:
stanley.york@att.net. NY

Photod~
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receivmq more (or
less) incident light
and give a false indi­
cation of true laser
output. By taking a
test shot or two, you'll
get an idea of the
intensity of the laser
pu lse by the relative
amplitude of the out-
put from the photode­
tec to r. Adjust the mir­
rors s lightly in one
axis and repeat for a
couple of shots to see
if the amplitude
increases or decreas­
es. Stop adjusting
when the peak inten­

sity is reached. Then go on and adjust
the other mirror axis, and again
repeat the test sho ts. By observing
the osc illoscope trace (better if you
have a storage scope), you will be
able to tune your laser for sharpest
peak or ma ximum energy fairly
quickly after ma king a few test firings.
If you are adjusting a CW laser, you
will need to buy or make a chopper
wheel, as suggested earlier. A single
plate with a few slots cut in it will suf­
fice, and will attenuate the incident
bea m eno ugh to allow you to use pe r­
haps a disca rded ceramic tile (use the
rough , bac k side ) as the target mate­
rial. Place the chopper wheel at a
slight angle to the laser beam, so that
there is no possibility of reflections
from the wheel going back into the
laser. See Figure 20-5 for a typical set­
up. Pay careful attention to the reflect­
ed beam from the incident side of the

Using the device
As always when using any kind

of laser, think safety first and always
wear protective eyewear, especially
so with pulsed lasers. With a CW
laser, your natural "blink response"
will be quick enough to ave rt your
eyes from the bright light . In a
pulsed laser, the flash is several
orders of magnitude brighter, and
many times faster than you r eye ,
and damage can be done before
you realize it. To use the photodiode
to align a laser, the laser must first
be producing an output. The photo­
diode can then be used to "tweak"
the mirrors for best pulse form or
highest peak power. If you are using
th is device in conjunction with a
pulsed laser, then the beam should
be aimed at an energy-absorbing,
diffusely-reflecting ta rget (some­
th ing that will absorb the energy of
the beam and not allow sharp reflec­
tions from the surface). Depending
on the laser power, you may use
heavy card, matt black anodized
aluminum, or any other suitable
material. (I have used cinder blocks
and house bricks when adjusting
high-power CO2 lasers, but that's
another story!) Make sure that when
you have a satisfactory set-up , that
neither the target nor the photode­
tector can move. If any th ing starts
to move, the photodetector can start
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Figure I. Iron should be placed
where the tip to uchesthe wire
and the foil on t he board at the
sametime .

93

With a little practice,
you will be able to see
when this blending
occurs. Remember
that you have to have
both surfaces hot at
the same time . Make
sure the tip of the iron .- -------- - - ------- . --- -- --
is touching the foil on the board and but it will not actually hold and it will
the wire at the same time. See Figure corrode. Cut off the end and do it
1 for the correct placement of the tip. again several times until you can do
As you begin heating a wire with the it quickly and easily.
soldering iron and apply a bit of sol- What we have just done is "tin" a
der, you will see the solder sitting on wire. Tinning a wire before actually
the outside of the wire in blobs. fastening it will almost always make
When the proper temperature is the soldering job easier and faster.
reached, the solder will suddenly There are a few cases where tinning
turn shiny and spread to a thin layer might not be the best course of
on the outside and , on twisted wire, action . The addition of the solder
will actually go inside the twists. On might make the wire too big to go
a printed circuit board, you will see through a hole in a printed circuit
the solder become shiny and , instead board , or the stiffness it gives the
of blobs , you will have a single mass wire might make it difficult to attach.
that flows. The key word here is However, in most cases, it is advised.
shiny. A good solder joint will have a Experience will show you when and
shiny su rface . If the heat is not ade- when not to tin the wire. A brand new
quately applied, it may appear to be soldering tip must also be tinned
holding , but will have a dull finish. A before it is used. With a new tip, you
cold solder joint like this will turn should first bring it up to full heat
loose and /or build up corrosion over and then apply solder until the tip is
a period of time and will come back completely covered and is shiny.
to haunt you. Soldering, like any Next, wipe off the excess solder on a
other art, should be practiced. I sug- wet sponge. The tip should be
gest you take a wire and strip the smooth and shiny. Any time you
insulation back about 3/8 inch. Put have solder build up on the tip, you
your so ldering iron on it and then should use a wet sponge to clean it
touch a bit of solder to the tip of the so that it again appears smooth and
iron at the point where it makes con- shiny. When a tip begins to age and
tact with the wire. The solder will gets pitted and black , you should
stick to the iron, not the wire. Then , file off the old su rface with a fine
watch what happens. As you contin - tooth file and repeat the tinning
ue to apply heat, the solder will sud- process. Desoldering to remove
denly permeate the wire and, at the parts or wires is much more difficult
same time, will become very shiny. and problematic than soldering them
Until this action occurs, you might on . In the next issue, we will get into
have some solder stuck on the wire, desoldering. NV

A Close-up Look at Soldering

Somewhere around 1949 or
1950 , my father gave me a
Triplett YOM and showed me

some of the basics of using it. This
was the starting point for a learn ing
experience that continues today.
Every experimenter, hobbyist, or
professional has to start somewhere.
And, that is what this se ries of arti­
cles is all about. For the next several
months, we will be looking at some
of the basics of electronics. If you are
a novice , you may find that you
already know some of the material
we will be covering. On the other
hand, you might find something that
will open up a whole new world of
understanding. It has been my expe­
rience that the unde rstanding of one
concept oftentimes makes plain a
variety of other concepts. Now that
we have established what this is all
about, we need to consider another
point. If you don't put it together
properly, it isn 't going to work.
Therefore, in this first co lumn , we are
going to look at soldering.

Soldering is an art that, I will
admit, I have been unable to master.
A solder joint should be "pretty," as
well as funct iona l. I have been able to
make them function , but personally,
my talents are such that I have never
been able to make them esthetically
pleasing. However, making them
funct ional is the purpose here and
maybe you will be a little more artis­
tic than me.

In soldering, the important thing
is to get the solder to blend with the
two items being fastened together.
This action is a funct ion of heat. If
the heat is not adequately applied,
you will have the solder sticking to
itself and surrounding the item, but
not actually blending with the item.

Just for Starters
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QUESTIONS
I'm interested in building an

interface for the basic controls of a
camcorder with an "LLINK"
(IEEE1394) connection. And/or
maybe the spec I'm looking for has
something to do with OHCI. Are
these specifications out in the open
and where can I find them?

All I really want to control would
be zoom, focus , and maybe
exposure settings.

I know lots of camcorders come
with a remote, but they're really hard
to use while shooting . Maybe I
should be thinking about hacking
the remote?
# 103 I Bob Winningham

via Internet

This is a READER-TO-READER Column.
All questions AND answers will be
provided by Nuts & Volts reade rs and are
intended to promote the exchange of
ideas and provide assistance for solving
problems of a technical nature . All
questions submitted are subject to editing
and will be published on a space avai lable
basis if deemed suitable to the publisher.
All answers are submitted by reade rs and
NO GUARANTEES WHATSOEVER are
made by the publisher. The
implementation of any answer printed in
this column may require varying degrees
of techn ical experience and should only
be attempted by qualified individuals.
Always use common sense and good
judgement!

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

ANSW ER INFO
o Include the question number that
appears directly below the question you
are responding to .
o Payment of $25.00 will be sent if your
answer is printed . Be sure to include your
mailing address if responding by email or
we can not send payment.
o Yourname, city, and state ,will be printed
in the magazine, unless you notify us
otherwise. If you want your email address
printed also, indicate to that effect.
o The question number and a short
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Specifically, how is PPI (plan
position indicator) rada r da ta
translated from the standard real­
time display into a digitized format
for viewing on a computer screen? A
"how to" approach to th is problem
would be much appreciated ;
technical literacy is not lacking at our
end. Thanks!
#1032 Mark Ciancone

via Internet

ANSWERS

[12023 - DEC. 2003]
/ want to bolt two comp uter

tower cabinets together to ha ve
space for more drives. l want th e
p ow er supp ly in the second
cab inet to supply the power to the
second cabinet 's dr ives, but how

summary of the original question will be
printed above the answer.
o Unanswered questions from a past
issue may still be responded to.
o Comments regarding answers printed
in th is column may be printed in the
Reader Feedback section if space allows.

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

Information/Restrictions
o No questions will be accepted that
offer equipment for sale or equipment
wanted to buy.
o Selected quest ions will be printed one
time on a space available basis.
o Questions may be subject to editing.

Helpful Hints
o Be brief but include all pertinent
information. If no one knows what you're
asking, you won't get any response (and
we probably won't print it eithe r).
o Write legibly (or type). Ifwe can't read
it,we'll t hrow it away.
o Include your Name, Address, Phone
Number. and Email. On ly your name, city.
and state will be published with the
question, but we may need to contact
you.

d o / get th e power supp ly in the
second ca b inet to "turn on"
witho ut being co nnected to a
motherb oa rd?

/s th ere anything else / need to
know in order to do this?

On an ATX powe r supply, pin 14
is used to turn on the powe r supply.
You need to get this signa l from the
main supply to the slave.

Automotive-type ins ula tio n
displacement connecto rs should
work well in this application .

You need to tie the ground from
one supply to the other (pins 3, 5, 7,
13, 15, 16, and 17).

It is also a good idea to provide a
10% minimum load on the unused
voltages (3.3V, 5V, 12V).

Walter J. Heissenberger
Hancock, NH

112022 - DEC. 2003)
/ am trying to build a battery

p ac k condition me ter using an
LM39 ] 4 chip to drive an array of
LEDs. The problem is the m ax
voltage of the LM39] 4 is less th an
the nom inal charge voltage of the
lead-acid battery pack.

# I To use an LM3914 to represent
a larger voltage than it can safely
accept on its input, use a voltage­
divide r circuit to reduce the voltage
sent to the input of the ch ip.

Simp ly use the voltage-divider
formula to determine how much
voltage yo u want to reach the
LM3914, th en scale the output
accordingly.

For instance, if the ch ip could
only handle 10 volts on its input and
the voltage you wan t to measure is
20 volts full-scale , set up the divider
circuit to divide the input voltage in
half by placing resistors of equal
value on the top and bottom of the
network. To give one-third the input
voltage at th e output, make the
resistor on top twice as large as the
bottom. Use the formula on the
diagram (Figure 1) to scale it for
your application . Keep the resistor
values in the l a s of Kohms range to
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an d reference Hi slightly. Adjusting
the pot so that D1 is illuminated to
the cu toff voltage (num ber of cells x
1.9) tells when the battery needs to
be recharge d. Adjusting R6 when
DlO is illuminat ed shows the battery
is fully charg ed (number of cells x
2.4).

Th e curr ent dra wn from the
reference ou t pin 7, deter mines the
LED cu rrent. In th is case, the LED
cu rrent is about 8 rnA. If for some
ch ance the battery voltage is less
than 24 , then R7, D12 , and Cl can be
eliminated, and R1 value is calculated
as before . No LED current resistors
ar e requ ired as the LM3914N
provides consta nt current to the
ind ividual LEDs.

[12021 - DEC. 2003]
I need id eas on how best to

con vert a logic analyzer that uses
th e CP/M operating system to one
that w ill run under Windows or
DOS. The original logic analyzer (a
Kontron KLA-64, 64 ch., ] OOMHz) is
run by an BOBS-based CPU/control
boa rd that affects a ll contro l
functions throug h para lle l I/O
ports. I p ropose to rep lace the
dated BOBS-based CPU/control
board with a newer em be dde d
processor board and run it under
DOS or Windows.

Ned Stevens
Grantsville, UT

# I Although DOS was based on
CP/M and the 8085 a nd 80 x86
processors share common roots,
CP/M programs will not run under
DOS and CP/ M will not run on an
80x86 platform. The best solution is
to use a CP/ M emulator, which will
run CP/ M progr ams in a DOS
window, and a disk driver to read
CP/M under DOS. A 5.25" low-density
drive will be necessary, also.

A popular CP/ M emulator was
UniForm, a nd its companion disk
driver was UniDOS. Both programs
are appa rently discontinued, but they
sh ow up on eBay frequently.

A cur rent emulator and disk
driver are ava ilable at reasona ble

E RY

011

C1 - 10uF elect rolytic at higher than
ma ximum charge voltage
C2 - 2.2uF tantalum
D1 through D10 - LEDs
D11 - 1N4007 diode
D12 - I N4742A
R2, R3, R4 - 2K 1/ 4W 5%
R5 - 750 ohm 1/4W 5%
R6 - 1K trimpot
U1 - LM3914N

on the LEDs connected to the Ie. R2
is 2K ohms 1/4 watt 5%. To
determine the value of R1, subtract 1
fro m the number of cells. For
example, a 24-volt battery has 12
cells. So the ratio of Rl to R2 is 11:1.
Now multiply the value of R2 (2K) by
11 to get 22K. D12 is a zener diode . I
recommend a one-watt, 12-volt such
as the I N4742A. The value of R7 is
calculated to drop the full ch arge
voltage of the battery to the zener
voltage at 25 rnA. For a 24-volt
battery, the full charge voltage is
close to 29 volts . R7 = (29-12)/.025
or 680 ohms. Power rating = .025 x
.025 x 680 or 0.425 watts. For good
practice, use a one-watt resistor.

The other components are:

As shown, the LM3914 is set up
for the dot mode to conserve power.

R6, the trimpot is adjusted so
that either the cutoff voltage or the
full charge voltage is sh own. Dl
shows the lowest volta ge , while D10
shows the highest voltage. Adjus ting
R6 (1K) moves both the reference Lo

Jeff Burger
via Internet

Figure
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Russell Kincai d
via Internet

keep the current draw and the power
dissipated in the divider network low.
VOLTAGE IN

#1 Use a zener diode in series with
the power to the LM3914 to drop the
voltage to its operating range. The
battery pack is essentially dead when
the voltage drops by 20%, so set the
reference voltage to 20% of the full
charge voltage and use another zener
to bring the input voltage down to
20% of the full charge voltag e. The
LEDs will all go out when the battery
is dead.

#3 Since the LM3914N is rated at
25 volts , I assume you want to test a
battery of greater than 24 volts.

The circuit shown (Figure 2) for
the LM3914N can be adapted to
nea rly any voltage with the change of
some of the component values.

The ratio of Rl to R2 samples the
battery voltage to give an indication
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Details via mail: Evelyn Gauzens, W4WYR, 2780 N.W. 3rd St, Miami, FL 33125
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WINDOW
GLASS

Mount the mirror above the
camera angled so that the camera
"looks" out the rear window. Since
the camera "sees" a reflection, the
image will appear to be reversed.

Mount the mirror with the
reflective side toward the camera to
avoid any ghost images from the
mirror's glass.

The mirror and camera mounting
scheme is up to you ... it co uld be
wood , plastic or metal. The mirror
mount itself could also be adjustable
or fixed. Keep in mind that if it's
adjustable, it may need to be adjusted
periodically, however. Also , try not to
touch the reflective side of the mirror,
since it scratches easily.

Jeff Burger
via Internet

(commonly used in laser
experiments ) in a periscope-type
arrangement.

Point the bullet cam upward with
the top of the camera toward your
subject (toward the rear window of
the vehicle) .

FIRST
SU~ACE

MIRROR
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I ha ve a Bullet Camera that I

intend to install in th e back of my
car for a rear-view display.

How can I mirror or reverse the
camera output horizontally so that
"lef t" on the screen is "left" in the
car?

# I The circuitry required to
mirror a video signal is a bit
complicated. It would require a scan
converter-type design with lots of
video memory and a means to grab a
frame and sequence it out
"backwards." However, there are
easier ways to do this .

If your display is a standard CRT,
then you can reverse the horizontal
deflection yoke connections. This is a
simple modification and involves a
little bit of soldering.

If it is a TFT/ l CD type display,
then many of the automotive models
have a image reversal feature. It is
usually a jumper or switch and is
used in applications just like yours.
Not all displays have the feature, so
check the display's specs before you
buy it.

T. Black
Fo lsom, CA

#2 Here 's a relatively low-tech
sol ution for your problem. Simply use
a piece of first-surface mirror

CueWho?? CueCat a Simple
Low Cost Barcode Scanner

Key b o a rd o r U S B Interfa ce

Electro Mavin 42 yea rs o f Bargains,
Quality, and C ustomer Satisfaction
800-421-2442 o r FAX 3 10-632-9867

E-Mail john@mavin.com

http://www.mavin.com
We Buy New Unused Technical Product,
Military a nd RF Connector s Our Spec ia lty

Do you remember the n ights you
laid awake asking yourself

"What ever happened to the CueCats?"
It's S imple

\I\Ie
Got'EM!!
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prices from DYNACOMP, In c. , 4768
Route 89, Romulus , NY 14541. Email :
in fo@Dyn a c o mpS oftware.com .
Phone/fax 31 5-549-7118.

Joe D'Airo
W est Islip, NY

#2 This would be a big project. You
could run the CP/M software on a
Windows machine only by using
software emulation. That would give
you only the same functionality you
have now, but faster.

There are open source CP/M
emulators for Windows, but you
would have to modify the emulator to
add the custom hardware ports built
into the analyzer, then write
DOS /Windows device drivers to talk
to custom hardware that you build.

The display would also be a
problem. There are no standards for
graphic displays on CP/M, so you
would have to emulate that, too.

With much less effort, you might
be able to speed up the existing
processor board. Most 2MHz CP/M
machines will run at 4 or 6 MHz with
faster memory, a new CPU chip, and
replacement of a few key 74l5-type
chips with 74S equivalents.

Do you have a schematic? You
can usually borrow a faster clock
pulse from the clock divider.

Mike Ingle
Camarillo, CA
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Mini CCDs (81W & Color)
Sensational NEW Design for Small
Observation Cameras. Smaller and Betterl

• Ultra Miniature Design
Black & Wh ite Versions Only 25mm x 25mm

• Color Versions Only 32mm x 32mm
• Available In Standard Lens or Pinhole Lens
• All Include Pre· Wired Cable Harness for -------.

Video & Power
12 V Regulated Power Supply Required
(120 mA typical power consumption)

• 0.1 L UX Rating (BIW), 1 LUX (c olor)
CCD Area Image Sensor for Long Camera Life
Back Light Compensation Circuit
Built-In El ect ro n ic Auto Iris Lens

VMCW-H11A 32mmx32mmx30mm, Color CCD with standard lens , pre ­
wired cabling for vide o/audio, 12V DC Power 5109." / S99." 5 or more
VMCW·H12AJ2mmx32mmx19mm,Color CCOwith pinhole lens,pre·
wired cabl ing fol'" video/audio, 12V DC Power Input ' 109." /SCJ9." 5 or more
VMPS-71 8A25mmx25mmxJOmm, Btw CCO with standard lens,Pre­
wire d ca bling fo r vide o/audio, 12V DC Power Input '49.00 / 545.00 5 o r
VMPS-250A25mmx25mmxI smm,Btw CCO with pinhole lens,pre·
wire d ca bling for video/audio , 12V DC Power Input '49.00 I ' 45.00 5 or
more

S u per Economy DMM
1999 counts LCD DIsplay. 1 1 0 50
15mmdigit height $9 99 $7 99 $6 99
HfEDATAHOLD • • •
AudibleCo nrtnulrv -DCVolts: 200m /2V /20V /200V/600V
Rubber IIoot . -ACVolts: 2001600
Included -DC Curre nt: 200u/2m/20mAllOA

I I d " Reslstance: 200/2K120Kl200Kl2~1

t~~ ~e~s *Size: 138 x 69 :131mm

emovable Hard Drive Rack
ALUMINUM FRAME& CARRIER!
3 COOLING FA NS I I.lii!!~~.
AUTO-CLOSE FRONT DOOR!
O UR NEW " BEST CHO ICE" Hard Drive
Rack features a lum inum (rome & carrier
for rugg ed performance & heat dis ippation .
A lso, ] inte rn al cool ing fans provide even
more help with heat d issipation . Indudes
key lock. LED activity light.Auto-eject handle
des ign & ground wire. Availablefor IDE ULTRA
DMA 66110011J3 & also ultra wide SCSI vers ion .

AMR-3F (IDE Ultra DMA) SI7.95
AMRlUWSCSI (ultra wide SCSI)..$22.95

Triple Output Bench Power Supply
.1!!.1II.~with four 3 1/2 digit L CD Displays

Output: G-30VDC x 2 @ 2AMPS
& I ea. fixed outp ut @ 5VDC

Source Effect: <0.02% +lmV
Load Effect: <0.01% +5mV
Ripple & Noise: <l mVnns

CSI3002D-3 .•$169.00 Dimensions: 365 x265 x 164 mm
(qty 5+•..$159.00) Input Voltage: 1l0VAC!"/-10%

... Derails al wK·H',,,'eb-lrtln,,·s.Ct!!'J_

new! :S:.. Bench Digital Multimeter
' Digital & Analog Display, 3999counts &
42segmentbargraph. W RS232C
• Autorange & Manualrange
-DATA HOLD . MinIMax Relative Measurement
"S torage Data DlSPLAYIRECALL
'True RMS f ACvoltage & current Ite m#
' Back Light
'ADPMeasurement:400mV+I-3% CS I9803R 1;,;o,!!!:='IIlili!",
"Contin uity & Diode test :-
"Power Source : AC or DC

Digital Read Out 3 Amp Bench Power Supplies

Availab le in 0-30 vo lt & 0-50 volt ve rs ions

Line Regulation: 2x10" +Ima
LEDAccuracy: Voltage±I%+2 digits New!

Current ±1.5%+2 digits
Wave Line Noise: s lrnvrms Lower Prices
Dimensions: 291 mm x 15Bmm x 136mm

CSI3003 : 0-30 v/0-3 a m pl -4 1 $89. 00 5 + I $85.

CSI5003: 0-50v/0-3 a m p s 1-4 / $ 109. 00 5+ I $99:•• ~-...,..-1

Bookmark our WEB Site!Many morePower I

S u p p lies are Av a ila b le . Look Un d er Te st Equipm';;;e::;n"---~-'"

. ate
EasY to N:~I:orch Engine
Include Works

hot Really ddedconstO.nOItC~"" t')
NeW ItemS A ,

• KTypeTemperat ure Probe Included
• Pulse Signal for log ic & AudibleTest
• Co ntinuity/Diode Test
• LogicTest
• Auto Power O FFf'Keep ON " Mode
• Fused 20A Input with Waming Beepe
• Back Ught
• Data Hold/Run Mode
• Safety Design Ull 204-4& VDE-04 11
• Protective Holste r
• SiliconTest Leads

Auto-Temp Solder
Station with
Ceramic Eleme
W ith C era mic He ati ng
Elem ent (or More Accurate
Tem p Adjustm e nt
3 C o nducto r G ro unded

Power Cord SR 976
250'C-180' C(470' F900' F) . '. -
Fast Heating Feature Extra r,p Options

Available.SeeWeb!

ForMore Info Seewww.web-tronics.com

Protek 40 MHz & 60MHz Oscilloscopes Our Best
2 C hannel AMAZING Brand New SC OPE DEALS
Du al Trace Not Refurbished: EVE R !

includes 2 scope probes igh stability digit a l read-o ut bench power supplies
6 Internal Grid VALUE S ! featuring co ns t ant vo ltage a nd current outputs. Short-
ALTMAG 40MHz only $319.00!
ALTTRIG
TV Sync 60MHz only $399.00 !

(Limited TIme Offer) Jt-.~ 1''''' O"OJ.Uo.~

See all D etails @ w eb-tronics.com under Test E q u ip m en t

High Tech Video system w Audio
Includes TU 'O BlJrCamt'raJ K ' sound &: I.R. (night ,'i.~hm) O,\'£ .i. 5 Bill"
J fonitor with Buill- In adjustable SH";1chingf/rom 1 to 20 'ieconds)& '....060
ft. pre-wired cables: Everythingyou nu d to set up u hi.r:htech "ideo
mon itoring system at home, office.restaurant warehouse or UJr it as a baby

monito r: Easily hooks into VCRfi" 'ideo
.' , Recording atso item # Dual View

!e: ' . Fantastic Price!
$119.00 ea

($109.00 ea. qty 4)
view extensive details@ web site

Hand-Held 3.0GH z U n ive r s a l C ounte r
-10 digit LCD Display w ith F ie ld S t rengt h
-High speed 3001\lHz direct counter w O.IHz M t

resolution easuremen $129 00
-50 ohm input for full range 11\IHzto 3.0GHZ Includes: •
coverage "ex tendable/retractubte ...hlp antenna

-Ultra sensitivesynchronous detector 16 segment - l lItem al 4AA N icad ball pack
bargrap h display of RFsignal strength (600mA H)
-4 selectable gate speeds - 9VDC 500mA ...all p lug-ill charger
-hold switchlocksdisplay •
- low powerconsumption (6 hr nicadoperation)

Extensive Deta ils www.web-tron ics .com

CCD B&W Board Cameras
• ASIC CCD Area Image Sensor
• Extremely Low Power Consumption
• 0.5 Lux Min Illumination

Built-In Electronic Auto Iris for Auto'
Light Compensation

VM1030PA-B 30mmx30mmx25mm, Pinhole lens, 12V '39.00 any qty.
VM1030A 30mmx30mmx26mm,Standard lens, 12V '39.00 any qty.
VM1035A 42mmx42m mx25mm, Standa rd le ns , 12V with back light com pe nsat io n '49.· an y qty.

VM1036A J2mmx32mmx25mm, Standard lens 12V, reverse mirror image feature '49." a ny qty.

VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEOs, 12V ' 49.00 any qty.

Our Most Sophisticated DMM We Sold Over 800 Last }eor!
with RS-232 Inte rface & Software. 3-3 /4 Digit. 4000 Cou nt. Aut o -Ranging with An alog ~~.~~"
Bargraph

• True RMSMode
• IOMHzFrequency Co unter
• Time Mode with Alarm. Clock.

and StOPWatc h
• Dual Display
• 10 l ocation Memory
• Min. Max.Avgand Relative Mode
• Decibel Measurement
• Cap and Ind. Measuremen t
• Temperature Mode (ClF)

S&W, Color & Powerful Night Vision
~~I --~'I-d~S~--

" Smart Rugged Metal Hous ing etol e ~pecs on
" Extrememly Low Power Consumption the Web
• 12 Volt
• ceo Area Image Sensor fo r Long Camera Life
" Built-In Electronic Auto I r /s fo r Auto Light Compensatio n
" No Blooming, No Burning
• 0.1 Min Lux tttumination (B& W), 1 Lux Min Lux tttumination (color)

VMBLT1020 B&W, 2 Imm(D)x55mm(L) '49.00 a ny qty.
VMBLT1020W B&WWeath er proof , 21mm(D)x58.5mm(L) 69.oo any qty.

VMBLTJC19BW COLORIWeatherproof , 17mm( D)x88mm( L) ' I 09.00 any qty.

W DB-5007S Powerful night vislon camera(56 IR LEOS) $159.00 ($139.00/ 5+)



5 00+
S0 .45

~ Soft Tu be H eatshri nk

2:1 shrink ratio @L
Sold in 4 rt lengths
Sold Bulk on Spool
Ext remelv Low Prices
:\Iany diameters LOW
Many colors PRICES !

PLEASE VISIT OUR WEB SITE
FOR SELECTION & PRICES
\\ww,WEB-TRONICS.com

New DC Fans ! @ •
GREAT PRICES I

UUBall Bearing SteeviT3 wire I
item # 1 10 25 10 0 +

-mmm 12\' (PLA2BI2II)..S5.95 4.25 3.95 3.28
60mm 12\' (PL60BI2H)..s5.95 4.2S 3.97 3.30
60mm 24\ ' (PL60B24H)..S5.95 4.29 4.09 3.39
80rnlll 12\' (PL80BI2II) S5.95 4.25 3.95 3.28
80mrn 24\' (PL80R24H) S5.95 4.25 3.95 3.28
92mm 12\'(PL92B12H) S5.95 4.25 4.00 3.35
92mm 24\'(P L92R24H) $5.95 4.25 4.09 3.45
120mmI2\'(PLl 2BI2H) S7.95 6.75 5.69 5.59
120mm24\' (PLl 2B24H) S7.95 6.75 5.69 5.59

More Information @
www.web-tronics.com

Circuit S~ci alists now carries
FLUKE TEST EQUIPMENT

RF Fi eld S t r engt h A n a lyzer
The 320I is a high quality hand-held RF
FieldStrengthAnalyzer withwide band
recepti on rangmg from 100kHz to
2060MHz.The3'20I is a compact &
lightweight portable analyzer & is a must
for RF Technicians. Ideal for testing,
installing & maintenance of Mobile
Telephone Commsystems. Cellular
Phones.Cordless phones. pagingsystems.
cable&Satellite TV as well as antenna
installations.May also be used to locate
hiddencameras using RFtransmissions

Extensive Tech Details & a Special OtTer
At Our WebSite (wwwweb-tru nics.corn)

I 10 + 10 0 +
SO.79 SO.69 SO.55H

FLUKE

MultiTurn Cermet Potentiometers
PRICED TO SELL! (W IW I0 12series)

22 T URi'\T RECTA NG ULAR
(standard values from 100ohm to 2 meg)
1 10+ 100+ 500+

SO.89 SO.79 SO.55 S0.49
26 T UR N 3/8 SQ Top Adjust

(standard values from 100 ohm to I meg)
I 10+ 100+ 500+

S1.09 SO.99 SO.75 SO.65
W IW3296 series

Visit our web site & view
our ex tensive o ffe ring of ne w
FL UK E T EST EQUIPM E T.
Ju st go to our home pag e &

se lec tTEST EQUIPM EN T.
We ve go t great deal s ..

N ew!
FLUKE C O L O R SC O PES __...-.~:;.-...a...;~

Standard 5MM & 3MM LEDS/Red/GreenNellow
/ More Details @ ,,,m~ WEB-TRONICS.colII

I 10+ 100+ 1000+
S.12 S.08 $.05 $.04 GREAT
$.14 $.09 $.06 $.05
$.15 $.10 $.07 $.06 LED
$.12 $.08 $.05 $.04 PRICES!
$. 14 $.10 $.07 $.04
$.15 $. 11 S.08 $.05

Cermet Prices shown are per value/ More Details @ www,WEB-TRONICS.com

Red-Diffused 5mm (L53 HD)
Green-Diffuse d 5mm (L53G Dl
Yellow-Diffused 5mm (L53YD)
Red-Diffused 3mm (L934HD)
Green-Diffuse d 3mm (L934G D)
Yellow- Diffuse d 3mm (L93 4YD)

2 AMP 0-18V Bench
Power Supply
LCD Display

input voltage: IIOVI\C
output:0-18VDC
Current: 0-21\
Source EtTect:<0.02%+ImV
Load EfTect:<O .O I % +5mV
Ripple & Noise: <ImVnns

I 5 + ~

$ 5 9 .95 $ 5 2 .9 5 ~
item # CSI 18020

Single Tur n l/¥
SQ. Cer me t Pots
(Ho r iz. & Vert ica l)

Stocking standard
valuesfrnrn 100 ohm
to 1 Meg

(WIW I036 series)

item# SCO PE 81M

Intellig ent A u t o - R a nging O M M
OurMostSophisticatedDMM Ever!
Large 4 Dig backlit 8000 count dual
display & Analog Bargraph......

RS232 Infr ared Interface/software/cable...
4 di spl ay modes, Tr ue RMS valu e &
Freq, of Min/Max values.Te mperature
in F/C ; re lat ive qu antity & error % of
relative va lue a t th e same time...
llJUCH MOR E DA TA @ WEll. S I TJi
item# CSI 8203 .•.•..•.$lM9.0u

OPTAscope NEW
Digital Real Time Oscilloscope

A n affo r dable USB di gital
oscill os cope fo r s t uden ts & hobbyi st s
*IMs/s Max S a m p le Rate
* 8 Bit Ver t ic a l Resolution
* 2 C h a n n e l
*Ext Trig EXTENSIVE D ETAI L S @

www.WEB-TRONI C S.com

luminous
intensity @
20mA

LED s/Megabrigh t Blue , W hite, GREAT PRICES!

Intelligent 0 1\1M w ith PC Interface
*Auto-Ranging
*Dual Display
*Confonns to IECI OIO
*3999 counts & 38segment

bar graph display
*DC voltage(autoranging)
*AC voltag e (auto ranging)
*Temperature measurement
*Resistance (auto ranging)
*capacitance

' *diode testing
• *transister check

*audible continuity

-

PC ~aed Digital Starll
Oa cillaa c ope, 201JJf1l%
~/a equiv. a""'PIing,
USB int:edllce

~~. .-.-' - , ,, ~::J eOUR NE W SELF-LOCKING CABLE TIES

it em# CSI34~
Ships wit h Rubbe "
Boot, RS-232 cable,
Softwa re $44 50
& Test Leads & •
K-probe

1 10+ 100+
Megabright Blue 5mm (L7 113PBC/G) 1400 $1.95 S1.50 $ 1.25
Megabright Blue3mm (L7 104PBC/G) 600 S I.9 5 S1.50 Sl.25
Megabright White 5mm (L7 114PWC/G) 600 S2.15 SI.59 SI.35

more technical details @ our web site under SEMIC ON DU CTORS

FLASHING r ed 3 mm (L36BH D) .. .. ......a s low as $.28 ea!

Details & Software Download @ our we b site
Intellige nt M ulti-func tio n Digital C ou nte r

An intelligent multi- funct ion
counter contro lledby an 8-bit
micro-controller with
eight-dig it high bright LED
display. Four measurin g

ii~::;~' functions (frequency.period,
. total mode & self-check).

item# e I 6100 Also,a IOMHz OSC.O UT.

Frequency Measure ment s: $149 00 "
CH A, Range 10 to 100Mhz •• •
CHB, Ran ge 100Mh z to 1.3GHz
DETAILS AT O UR NEW
WE B SITE under TEST EQ UIPMENT

'gi ta l S to r a ge Oscilloscope M od u le

Convert any PC with USB
interface to a high performi ng
Digital Storage Oscilloscope,
This is a sophisticated PC
based scope adaptor providing
performance compatible to
mid/high level stand alone
products costing much more!Ships
with two probes.
Co mp lete detail s & software
download @ ou r web site under

item# 200DSO$869.00 test equipment.

UL approve d Nylon 66. 94V-2. white co lor.acidproof, alkaliproof, good
insulation & long lasting Sold in Bags of 100 pes, Buy at prices usuall y
re served for la rge bulk p urc hasers !!!!!!! C HECK PRICES BELOW!
GL3 seri es = 2.5 m.m. width/ GL4 series = 3.5 m.m , width/GL5 ser ies
=4.8m.m. widthGL8 ser ies = 7.0 rn.rn, wid th/ GLI Oser ies = 9.0 m.m
widt h/ GLl2series =12 m.m.wid th .... ..... l00 pes per ba g

item le n g th pric e i tem length price
GL3- IOO 4 inch S.251bag GL5-400 16 inch S2.491bag
GL4-150 6 inch S.49lbag GL8-200 8 inch S1.99lbag Industry
GL4-200 8 inch S.791bag GL8-300 12 inch S2.79lbag B e s t
GL4-250 10 inch S1.l 5lbag GL8-400 16 inch S3.991bag . . ,
GL4-300 12 inch Sl.2 9lbag GLl 0-400 16 inch S5.491bag Pricing!
GL5-200 8 inch S.991bag GLl O-500 20 inch S6.151bag
GL5-250 10 inch S1.39lbag GLlO-600 23.5 inch S9.291bag
GL5 -300 12 inch SI.69lbag GLlO-800 31.5 inch S13.991bag
GL5-350 14 inch S2.291bag GLl2-650 25.5 inch S12.491bag

Vis it our website for a co m p le te listing of our offers. We have ove r 8,000 elec t ron ic items on line @ www.wcb-tronlcs.com. PC
based data acq uisit io n, industria l co m p u ters, loads of test eq u ip men t, optic s, I.C s, transistors, diodes, resistors, potentiometers,
motion control prod ucts, capacitors,m in iatu re observation camera s, p anel m eters, chemicals for elec t r on ics, do it yo u rself printed
circuit su p p lies for PCb fabricat io n, ed uca t io nal D.I.Y.kits, cooling fan s, heat sh ri n k, cable ti es & other wire handleing it ems, hand
tools for e lectronics, breadboards, t rainers, programmers & much much more! Some Deals yo u won t believe !
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Some- of the- dppllvdtioYl~:

• Create acustomized entertainment
center controller using the IR Buddy's
built-in RC-5 protocol encoding .

• Build an alarm system to discretely start
your Philips® VCR.

• Design beam-break detector to connect
to your alarm system.

• Enable point-to-point serial
communication between BASIC Stamps
without wires.

Parallax's new Infrared Buddy isahandy
little communication companion for your
BASIC Stamp® projects. The Infrared Buddy
lets you send and receive data and remote
control commands from asingle BASIC
Stamp pin. The Infrared Buddy's on-chip
8-byte buffer holds data and remote
control commands so your program doesn't
have to wait around forthem toarrive.
With high-power bursts the Infrared Buddy
works up to 50 feet! Size: 0.875" x0.5".

•icannncomm

Oytf~

$59.00
a pall'!

Order online at www.parallax.com. or call our sales
department toll-free 888-512-1024.

Inaddition to our great products likethe BASIC Stamp
and the Infrared Buddy, ourwebsi teoffers awide
variety offree documentation and software downloads
as well as project ideas. We make it easy for you to get
started with BASIC Stamps.

BASICStamp isaregistered trad emark of Parallax, Inc.
Philipsisaregisteredtrademark of Koninklijke Philips Electronics N.V.

To use the Infrared Buddy in aproject you
will need two BASIC Stamp 2modules and
two programming/carrier boards.

BV1 d PdlV of InfVdved
Bvdd1<; fov on{1 $59·
Ovd~v Pdvt *2501 h.

Circle # 154 on the Reader Service Card.


