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with 10/100 Etherne

Anybody looking for
a pair of aces?

Stack the deck...

using the NetBurner

Network Development Kit to
quickly and easily create your own
applications.

m0d5282 $78 each / 1000 qty.

Size 26" x 2"
Processor ColdFire 5282
Flash Memory 512K
SDRAM 8MB
Peripherals Address Bus
Data Bus

50 Digital 10

16 Timers

Interrupts

QSPI

3 UARTs

8 A/D Inputs

3 PMW Outputs

H'x 2"

oce ‘ColdFire 5272
Flash Merr 512K to 2MB
SDRAM 8MB
Peripherals Address Bus
Data Bus

28 Digital 10

4 Timers

Interrupts

QSPI

2 UARTs

usB

3 PMW Outputs

etBurner

Networking in 1 Day!

THE FASTEST WAY TO NETWORK ENABLE YOUR DEVICE




Disk Drive Deals!

4 Wide to std. SCSI adapters - $7.50!! - See HSC#SCS3700, this ad.

Quantum 18GB SCSI-3
4 Model No. QM318200TD SCA Drive
¢ Formatted Cap: 18.2GB (1KB/Sect.)
¢ 7,200 RPM, 7.5 mS avg. seek
4 HSC 90-day warranty

HSC# 19680
$27.50!

4.3 GB SCSI 1/2 HEIGHT
4 ST15150N hard drive
4 21 Hds, 11 Disks, 3,711 Cyl.
4 7,200 RPM, 9.0 mS avg. seek
4 HSC 90-day warranty

HSC# 18412
$14.95!

Hitachi 18GB SCSI-
¢ Model No. DK319H-18WC SCA Drive
4 7198RPM, 7.5mS avg. seek
4 Formatted Cap:18.4 (512Byte/pSec.)
4 HSC 90-day warranty ¢

HSC# 19681
$32.50!

SMD Rework Station

4 Fast 100 to 480C heat

4 Anti-static protection

4 Computer-cont. temp.

4 Footswx control - strong suction pump
4 Capacity: Up to 30/L per. minute

4 115VAC, 60Hz

HSC# 998ESD $399.00
PCMCIA to ATAPI!

4 Promise ‘Duet Station Traveler Kit'
4 For PC w/Type 2 or 3 PCMCIA slot
#1d’s as a std IDE/ESDI HD controller
4 New, boxed, w/driver/app diskette
4 90-day warranty =

HSC# 19627  $29.50!
PCMCIA Card Reader

4 SSP Argus 2000 ISA-type reader/writer
4 Dual PCMCIA Type VI, or one Type IlI
4 DOS/W3.1 driver diskette included

4 Win95/98/NT ready

4 New, w/interface, manua ¢
& cables %“M@_

HSC# 19410 $24.95

500W Transformer!
4 110VAC input, 0-130VAC output @ 5A
47" dia. (8.5" w/ext) 6.5" high.
4 Large knob & scale settings &
4 Meter shows output level i. :
4 llluminated power switch # &=
4 New - 90-day warranty L

HSC# AEEC590 $45.00

Electronic
Supply

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

3500 Ryder St. Santa Clara, CA 95051

Santa Clara 1-408-732-1573
Sacramento  1-916-338-2545
Rohnert Park 1-707-585-7344

9.1GB ULTRA SCSI
# Seagate ST19171WC, 80-pin SCA
4 7200RPM, 4.17mS av. latency
4 Average seek: 9.5 mS
4 HSC 90-day warranty

HSC# 18753
$19.95!

3.25GB Laptop Drive

# Fujitsu MHA2032AT Mo

4 6 Heads, 6372 cylinders

4 Avg. pos: 13ms, latency: 7.5ms

4 OEM pack, 90-day warranty

2.5” to 3.5" Drive Adapter Kit available
Just $4.95! - ask for HSC#18134

HSC# 80693 $37.50!
SCA to SCSI 1 Adptr

# Converts SCSI1 to SCA wide

4 Standard 4-pin power connector

4 Jumpers for LED,SYN,DLY,MTF,ID0-3
4 Jumpers & config sheet incl.

4 New,90-day warranty
Specialll...just $7.50 |
w/any SCSI H. Drive

HSC#SCS3700
SmartCard Reader

4 Fits in PCMCIA slot

# For sensitive files/databases

# Personal access security system

# Restricts unauthorized access

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

HSC# 19433 $19.95
12X SCSI-2 CD Drive

4 Sony CDU415

4 Up to 1800KB (P-CAV) rate

4 Plays 11 CD types

4 Brand new drive Q
4 OEM packed ~
4 90-day HSC warranty

HSC#19463 17.50!

POWERWARE 3115 TJPS

‘Series 3’ Power Protection!

Protect yourself from power failures,

surges and sags...

Power Management Software included

for LAN monitoring & shutdown
capabilities.

User-replaceable batteries!
User-selectable voltage ranges

prevent unnecessary battery drain

Economical power protection for
PCs, workstations, point-of-sale
systems, network nodes...more!

New, boxed, HSC’s 90-day warranty
HSCi# 19622 SPECIAL!!...3 FOR $99!

50 Watt Woofer
4 ‘MG Electronics’ Model No. 6020SH
450 Watts RMS, 100 Watts pe:
4 40-8000Hz, Free Air: 55Hz
490dB SPL, 8 Ohms, 6.5" dia.
4 20 oz. ceramic magnet

4 New, boxed, w/hole-cutting template
ial!l...Two for $19.95!

HSC# 19623 now $12.50!
PCI to SCSI Host

4 DTC ‘3130B' - Plug ‘n Play adapter

4 SCSI-1, SCSI-2 and Fast SCSI-2

4 50-pin low & high density conn.

4 133mB/s(host bus),10mB/s(sync burst)

4 Multi-platform compatibility
4 New, 90-day warranty s 0
HSC#19434 $24.95

Pressure Sensor Deal!
4 Motorola MPX4115A sensor + parts!!
4 Sensor alone worth over $15.00!
4 Board was for metabolic test product

4 Tons of parts...LCD display, SMD
switches, connectors, thermistor, LED,
loads of resistors & caps.

4 Great HSC bargain!

HSC# 19654
Compact Keyboard!

4 88/89 enhanced key layout

4 Finger glide mouse function

4 Space Saving design &
4Only 8.5" x 11.28" 7

# Free PS/2 connector adapters!

4 New, w/mouse driver diskette and

manual
HSC# 19328 $14.95!

Since 1963!...

" $4.9511

+ Input: 88 - 142 VAC

¢ Output: 420VA/252W
+ Weight: 11.5Ibs.

¢ 6.1"H x 3.4"W x 12.7"D

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

$37.50!!
Video Agile Processor

4 Blonder-Tongue Mod. AP 60-550

4 Move video from one ch. to another

4 VHF to UHF - UHF to VHF, std. 19" mt.
4 Pull-out freq setting charts for dip swxs.
4 Working pulls, 30-day warranty.

HSC# 19640 $49.95!
Firewire Card!

4 Actiontec’s Internal PCI 1394 Firewire
# Capture, edit and email digital videos
¢ Interface cable and install CD incl.

4 Compatible with many cameras

4 New, OEM pack '

4 HSC 90-day warranty

HSC#19673  $19.95
‘RAID’ Controller!

# ‘Mylex’ Model No. 960P-3

4 Up to 32MB, 36-bit SIMM, (4MB min.)
41 to 45 drives as one logical drive

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

HSC#19427 $29.50!
VideoWAVE Editor!

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

4 Swirl, ripple, fade,
shadows, animations! £
42 CDs w/tons of templates

4 New, retail boxed, 90-day warranty

HSC#19656 $24.95!

Silicon Valley’s Electronic Marketplace

Order Toll-Free: 1-800-4-HALTED(442-5833)
or...ONLINE, AT: www.halted.com
Terms: Some quantities limited; all items are subject to prior sale. Minimum order:
$10.00 plus shipping. Orders under $20.00 subject to $2.00 handling fee, in addition

to shipping. All orders shipped by UPS Surface unless otherwise specified. $6.00 UPS
charge added for COD. Visit our website for detailed information on domestic and

=

international shipping methods.

Circle #72 on the Reader Service Card.
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PROJECTS

38 RANDOM NUMBER DEVICE — PART 2
Use the random numbers generated from last month to
implement message encryption using the theoretically
unbreakable “one-time pad” scheme. by Jack Dennon

43 BUILD AN RC MOTORTACHOMETER

Knowing the speed of your RC motor while testing a
particular set-up can be useful information in the quest for
optimum performance. by Alonzo Trueland

47 MEASURE EARTHTIDESWITHA
TILTOMETER

Can earthquakes be predicted? Some scientists say yes, with
the use of a tiltometer and measuring the earth tides. Here’s
how to build one. by Ron Newton

- COLUMNS
]

AMATEUR ROBOTICS 88
See how easily multiple controllers can be made to work together.
ELECTRONICS Q&A 28

What's Up: Several readers have very good thoughts and ideas
that add to my response about CATV cabling before plastering
the walls. Into vintage tube radios? Here are two common fixes.
A couple of minor circuits dealing with lamps and audio signals,
and a family of low-voltage audio power amplifier ICs.

IN THE TRENCHES 98

For Design Engineers facing real-world problems. This month:
Software Documentation.

JUST FOR STARTERS 22
Basics for beginners. This month: Understanding phone systems.
LASER INSIGHT 82
An experimental set-up for producing your own holograms.
LET’S GET TECHNICAL 16
Inside Protected Mode Part 2: Protection and Multitasking.
MICRO MEMORIES 12
The birth of X10 and the dawn of home automation.
ROBOTICS RESOURCES 24
Inexpensive Microcontroller Options.

STAMP APPLICATIONS 94

Keyboard Entry and Display. “Imitation” is an excellent
opportunity for learning.

TECHKNOWLEDGEY 2003 8
Flying electronic “nose” sniffs out noxious gases; New standard will
define MIDI networking techniques; Free teleconferencing software
introduced; Spatial display produces 3-D images; Power supply IC
replaces linear transformers; and Holonyak named recipient of
2003 |IEEE Medal of Honor.
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58 DEVELOPER-FRIENDLY

USB

Take a USB-based product design
from start to finish for acquiring
temperature data from two digital
temperature sensors.

by Don L. Powrie

Everything For Electronics

Vol. 24 No. 5

63 FRS RANGE WARS
The distinction between must-license and
no-license handheld radios is becoming
blurred. by Gordon West

68 ELENCO’S ELECTRONIC
SNAP CIRCUITS

Children ages 8 to 108 can enjoy
hours of educational fun while
learning about basic electricity and
electronics with these unique kits.
by Fred Blechman

70 UNDERSTANDING AND USING ‘OTA’
OP-AMP ICs — PART 2

Take a look at the operating principles
and practical applications of the
LM13700 dual operational
transconductance amplifier IC.

by Ray Marston

OTA hputs Buter
b bus T O Ok v (i Oa
o s he fs k2 M Jo s

105 Advertiser’s Index 6 Publisher’s Info
79  Classified Display Ads 6 Reader Feedback
20 Electro-Net 6 From the Editor
54 Electronics Showcase 102 Tech Forum

34 New Product News 76 News Bytes

52 NV Bookstore 76 Coming Next Issue
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Reader Feedback

Dear Nuts & Volts:
I picked up my first issue of your

| magazine (Mar. '03) and was impressed
| with the articles and layout.

However, | was very disturbed by some |

of the remarks that were made in answer
to the question about wiring a new house
for phone and CATV (Electronics Q&A).
The loss figures that were given are
correct, but TJ Byers goes on to state to

| use a line amplifier then go in to two-way |
| splitters.

As a licensed CATV and Telecom

contractor, | do not fully agree with these |

remarks. The proper way to do this is to
take all outlets — both CATV and PHONE

— to a single common point that is close to |
the power panel so that all utilities can be |

common bonded (GROUNDED) to a
single point (check National Electrical
Code).

Use CAT5 or CAT6 cable for phones
as this will give better protection from
outside interference and will allow the use
of high-speed data. Use RG-6 type cable

has a lower loss figure and ALL the cable
company'’s are using it. If you install RG-59
and then call your cable company to install

a cable modem, they will run a new RG-6 |
to that outlet, so save time and problems |

by using the RG-6.

Also, leave 8-12 inches of cable at the
outlet box to install connectors and do not
use RadioShack Type 2 or 3 piece or
screw-on connectors. The cable tech will
cut them off and install new compression

types.
Good luck on the magazine

DJ |

via Internet

Dear Nuts & Volts:

Jonathan Titus reads Nuts & Volts!
(Mar. '03 Reader Feedback.) You see
there, even the pros keep on eye on what

| you people are doing.

|

and not RG-59 for the TV outlets as RG6 |

From the editor:

| built a Mark8 8008 computer from
Jon's Radio-Electronics article a few

Continued on Page 36

Well so far; it's been a busy year at Nuts & Volts. We've changed formats, redesigned the look,
absorbed Poptronics' subscribers, and are ready to go with the next Amateur Robotics
supplement. And, in case you haven't heard, the Robot supplement will now be published
quarterly, beginning in June.We've even added a few more pages to NV this month.

One thing we have noticed recently, is an increase in requests for specific article topics.
Probably coming mostly from the Poptronics people, who are used to a little different
editorial mix. In any case, we thought it would be a good time to formally open it up for
requests, criticisms, comments, or whatever. We want to know what types of projects you
want to build, what kind of tutorials you need. Any industry info you're interested in? How
about the technical level? Want more beginner stuff, or harder; more advanced projects? Any
thoughts about the magazine and how we can improve it are welcome.

Also, as we've mentioned elsewhere, what subjects (besides Robotics) would you like to see
a supplement devoted entirely to? We've got a few on the drawing board, but your input

could influence our decision.

We've set up a special email address for supplement ideas, but you can use it for NV
editorial requests also. supplements@nutsvolts.com will get through directly to our editorial

planning department.

On another note, this month will be the first issue that the Poptronics subscriber list will
actually be merged with the NV list. Prior issues had to be processed separately because the
two list formats were not compatible. As | write this, those who know more than |, are
finishing up the conversion and preparing to merge and un-duplicate the two lists. They tell
me that since some names and addresses are not entered exactly the same, they might not
get caught in the “Merge/Purge” process. What that means is that if you were a subscriber to
both mags, you might receive two copies. If, in your case, that unthinkable scenario occurs,
just pass a copy along to a friend and let us know by email or phone. We'll take care of it
and update your expiration date. subscribe@nutsvolts.com (800) 783-4624
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Probes, Sensors & Attachments

Power Supplies

Communication Analyzers

By any test or measure,
weve got great deals.

Spectrum Analyzers

Moultimeters

Oscilloscopes

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

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

WWW. ebaybusiness. com

© Copyright 2003 eBay Inc. All rights reserved. eBay and the eBay logo are registered trademarks of eBay Inc. Designated trademarks and brands are the property of their respective owners. Allitems sublect to avallabiliy.
Circle #35 on the Reader Service Card.
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TechKnowledgey 2003

TechKnowledgey
2003

Flying Electronic "Nose"
Sniffs Out Noxious Gases

Sandia researcher; Doug Adkins, observes
the wind tunnel performance of
SnifferSTAR, a device intended to fly on

drones and detect airborne blister agents

and nerve gases. Photo by Randy Montoya,

courtesy of Sandia National Labs.

partnership between Sandia

National Labs
(www.sandia.gov) and Lockheed
Martin  Corp. (www.lockheed |

martin.com) has resulted in a half-
ounce "sniffer" that is intended to fly
on small drones to detect possible
gas attacks on cities and military
bases. The patented device, which
detects nerve gases and blister
agents, operates on only 0.5W of |
electrical power, and offers rapid |
analysis that was previously unavail- |
able from any package in its size
range. Immediate analysis is critical
in warning an endangered population
of an attack, and in surveying sites

8

by Jeff Eckert

Events, Advances, and News From

The Electronics World

after alleged incidents.

Called SnifferSTAR, the inven-
tion consists of a series of tiny sen-
sors on a platform about the size of a
pat of butter, mounted atop a micro-
processor board that is smaller than
a credit card. The forward motion of
the vehicle forces air through the
device. Material in the sampled air is
absorbed and concentrated, after
which it is thermally released (des-
orbed) to pass over thin stripes of
coating materials to which it tem-
porarily attaches. The coating stripes
are located on a quartz surface that
vibrates at preset frequencies when
small amounts of electricity pass
through it. The mass of incoming
attached particles changes the fre-
quencies of the vibrations of each
stripe.

The altered frequency data are
passed to a processing unit on the
SnifferSTAR module, and relayed to
a processor on the drone or transmit-
ted via radio to a main data proces-
sor on the ground. The information is
automatically compared against a
library of the patterns created by a
range of gases. The sampling
process can be repeated every 20
seconds, with 15 seconds intake and
five seconds for analysis. The in-rush
of air then clears the device sensors
for the next reading.

Discussions are underway with a
US company that produces drone
aircraft to include the device, among
sensors designed to detect biological
and radiological threats. The device
also has possibilities for use in or
near the ventilation systems of build-
ings, or, with the addition of a small
pump, on posts surrounding military
bases and other sensitive sites.

!

New Standard
Will Define MIDI

Networking Techniques

he Institute of Electrical and

Electronics Engineers
Standards Association (IEEE-SA)
has begun work on a standard to
extend the reach of the musical
instrument digital interface (MIDI) by
providing for MIDI transmission over
Ethernet and IEEE 802.11 networks,
which should be of significant inter-
est to people who work in the music
business. The new standard, IEEE
P1639, "Standard for Transmission
of Musical Instrument Digital
Interface Data within Local Area
Networks: Distributed MIDI (DMIDI)"
should be finalized by the end of
2003. It will retain backward compat-
ibility with existing hardware and
software under the original MIDI
specification, which is now 20 years
old.

The original MIDI standard
allowed for a transmission speed of
31.25 kbaud, which was adequate for
controlling a few MIDI devices. DMIDI
will use the current Ethernet-based
networking structure to carry MIDI
data at transmission speeds up to 10
Gbit/s. This speed boost will allow for
the full use of such subprotocols as
DLS and MIDI Show/Machine con-
trol.

The new standard will increase
the number of addressable devices
from 16 device channels to nearly 16
million, each retaining the existing
16-channel MIDI structure. DMIDI
also adds the ability to send meta-
messages for enhanced device con-
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trol.

The standard will optimize DMIDI
for low-powered devices, specify
communication protocols for trans-
mitting MIDI data in local area net-
works (LANSs), and contain low-level
protocols and high-level addressing
schema for interconnecting MIDI-
capable devices over LANSs. It also
will detail buffering strategies so that
traditional MIDI hardware can deal
with the higher transmission speeds,
and so that software-based MIDI
applications can coexist in the same
networking domain as MIDI hard-
ware, while running at full LAN
speeds.

Anyone with a technical or man-
ufacturing interest in MIDI is invited
to join the IEEE P1639 Working
Group. For more information on
DMIDI, visit: www.dmidi.org/.

Free Teleconferencing
Software Introduced

or years, we have been hearing

about using PCs for teleconfer-
encing, but the products have not
lived up to anyone's expectations. A
few weeks ago, a new company
announced that it was taking a stab
at making it work right. SightSpeed™,
a product of QVIX Technologies, can
be downloaded free of charge from
the company web site, www.sight
speed.com. lt is said to provide the
highest quality [P-based video cur-
rently available, using an algorithm
that delivers compression of 90:1 (as
compared to 2:1 with CUSeeme and
15:1 with Microsoft's NetMeeting)
and a latency of only 11 mS (com-
pared to 450 and 250 mS with
CuSeeme and Netmeeting, respec-
tively). The result is an image deliv-
ered at 30 frames per second that is
much less taxing to the human eye.

Before you get too excited,
though, be warned that the program
requires a CPU that runs at 500 MHz
or better, 128 MB of RAM, and
Windows 98/98SE/ME/2000/XP as
the operating system. It is also rec-
ommended that you use one of the
Logitech QuickCam Pro cameras.
Others may or may not be compati-

MAY 2003

ble. In addition, you will need a DSL
or cable modem connection.

Finally, although the web site |
does not provide specific informa- |
tion, it appears that you will be
allowed to use the program for a lim- |
ited number of minutes per day, with
a clock ticking down while you com-
municate with your associates.
Unlimited use will involve a fee,
which appears to be $30.00 per |
month. Presumably, you will receive |
details after registering the product.

Spatial Display
Produces 3-D Images

The Perspecta 3-D System, a combina-
tion of hardware and software, permits
360° visualization, simulation, and collab-
oration. Courtesy Actuality Systems, Inc.

ffered as this month's "product |
you would love to have on your
coffee table," is the Perspecta 3-D
system from Actuality Systems, Inc.
(www.actualitysystems.com). The
system consists of a 10-inch spheri-
cal display and associated Perspecta
software, which together, enable
users to render high-resolution spa-
tial images and view them from any
vantage point around the display.
The system is based on several
patented technologies, including
"rasterization of lines in a cylindrical
voxel grid," which essentially covers
a graphic algorithm that describes
how to draw straight lines in multidi- |
mensional space, and a "volumetric

3-D display architecture," which
encompasses the company's spin-
ning-screen 3-D display and a projec-
tion screen that steers light in differ-
ent directions to create photorealis-
tic, solid-looking images.

Reportedly, it operates by pro-
jecting thousands of two-dimensional
images on the screen, which rotates
at 730 rpm. You get an image resolu-
tion of 768x768 pixels that refresh at
24 Hz. You get only three-bit color,
but it is, after all, a new invention.

The unit illuminates 100 million
volume pixels, or "voxels," within a
transparent Lexan dome, and the
images can be viewed without any
special goggles. Intended applica-
tions include: nuclear medical imag-
ing, such as using PET scans to
locate tumors; medical intervention,
such as planning radiation therapy;
mammography and biopsy, such as
having 3-D feedback on the precise
location of a biopsy needle; drug dis-
covery; air-traffic control; game
development; and many others. The
possibilities seem endless, especially
if you can figure out a way to hook it
up to a VCR. As you might expect,
however, it is priced beyond the aver-
age family budget. According to
reports in the trade journals, it starts
at $50,000.00.

Power Supply IC Replaces
Linear Transformers

ower Integrations, Inc.

(www.powerint.com), is now
marketing a switching power supply
IC that is designed to replace less
efficient linear transformers in
adapters and battery chargers rated
at 3W and below. The LinkSwitch
uses as few as 14 components to cre-
ate a fault protected, universal input
(85 Vac to 265 Vac), constant volt-
age, constant current (CV/CC) out-
put switching power supply.

The LNK501 model is available
in both through-hole and surface-
mount DIP packages. The
LinkSwitch combines a 700V power
MOSFET and a PWM controller with
high-voltage start-up, current limit,
and thermal shut-down circuitry on a
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single CMOS chip. Requiring only
three terminals, the device includes
built-in features, such as thermal and
current limit protection, auto-restart
for short circuit and open loop fault
protection, and the company's
EcoSmart® technology, which is
designed to reduce energy consump-
tion during stand-by and no-load con-
ditions. This enables engineers to
design converters that meet govern-
ment energy guidelines, such as
Energy Star, Blue Angel, the EC Code
of Conduct, and others.

Applications for the LinkSwitch
include linear transformer replace-
ment in adapters and battery charg-
ers for a wide range of personal elec-
tronics (cell phones, cordless phones,
PDAs, digital cameras, MP3 players,
shavers), home appliances, television
standby, and other auxiliary power
supplies. Pricing in 10,000-piece
quantities is about $.50 each. Small
quantities of each type are available
from factory stock, with production
quantities available with about a
month lead time.

Holonyak Recipient of
2003 IEEE Medal of Honor

ick Holonyak Jr., a John
Bardeen Professor of Electrical
and Computer Engineering and
Physics at the University of Illinois at
Urbana-Champaign, has been select-
ed as the 2003 recipient of the

Institute of Electrical and
Electronics Engineers (IEEE)
Medal of Honor. The award,
which recognizes Holonyak "for
a career of pioneering contribu-
tions to semiconductors, includ-
ing the growth of semiconductor
alloys and heterojunctions, and
to visible light-emitting diodes
and injection lasers," will be pre-
sented at the IEEE's annual hon-
ors ceremony in June 2003.
The son of Slavic immi-
grants who settled in southern
lllinois, Holonyak earned his
bachelor's degree in 1950, his
master's in 1951, and his doctor-
ate in 1954, all in electrical engi-
neering from the University of Illinois.
Holonyak was the first graduate stu-
dent of two-time Nobel laureate John
Bardeen, who was instrumental in
inventing the transistor. An early
researcher in semiconductor elec-
tronics, Holonyak gained eminence
through his numerous inventions and
contributions to advances in semi-
conductor materials and devices.
Before 1963, Holonyak worked
for Bell Telephone Labs, where he
helped develop silicon-diffused tran-
sistor technology. Several years later,
while at General Electric, he invented
the first practical light-emitting diode
and the first semiconductor laser to
operate in the visible spectrum. He
also developed the first compound
semiconductors in alloys known as -
V (referring to places in the periodic

' table of the elements) and the basic

‘ silicon  device
( sl ) } used in house-
BEVICES To + | hold light-dim-
| 5
A device programming system| | mMer switches.
complete info at www.arlabs.com During his
+ EXCEPTIONAL POWER FOR THE PRO career at the
+ EASY-TO-USE FOR THE NOVICE . _
Here’s what you get: A rugged, portable programming unit including the power pack and printer port UanerSlty of
cable both of which’store inside the case. A real printed user and technical manual which includes >uhumam diagrams . .
for the programming unit plus diagrams for all technology family adapters*. Comprehensive, easy: I l l 1N oOo1l1Ss
which is specifically designed to run under Windows 95, 98, ME and DOS on any speed machin 2
fe which | READ, PROGRAM, COPY and COMPARE plus much You have full
system's disk incloding LOADING and SAVING chip data plus suiomatic proccssine of INTEL HE Holonyak and
S'RECORD and BINARY files. For detailed work the system software provides a full screen buffer o "
comprehensive bit and byte tool kit with more than 20 functions his students
Broad device support: inciuing FIRST GENERATION EPROMS (
SECOND Gnano\ Erkows (2716-27C080)8 MEG), 40 and 42 Pl'\ EPRO) 7C d emonstrated
2 EG), \\ R_-\\is(l .' -
& PIN SERIAL EEPROMS® (24 25 & 3
BIPOLAR PROMS* (745/328), SERIA the first quan
MICROS* (874X 875X 87C5X 5 2
F1C MICROS 5, 15, 3, 40 TN (1ACO0X 16SXAX TXAX FLLS FLASH & 11C) tum-well laser,
MOTOROLA MICROS* (68705P3/U3/R3, 68HCT0SCS/C9/J2/P9, 68HC11 all families) . .
VE AR WARKANTY 30 DAY MONEY BACK GUARANTEE $i9 UL LING SO C O fRINRg 2 ool
s MBI AN AR AT RN 0 L Youmakis. VISA @ MASTERCARD @ AMEX cal laser for
ANDROMEDA RESEARCH, P.O. BOX 222, MILFORD, OHIO 45150 fiber—optic com-
(513) 831-9708 FAX (513) 831-7562 ) A
ersite - www.arlabs.com email - arlabs@worldnet.att.net MADE IN THE UAs,,\J munications,
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Prof. Nic.l.:.HoIonyak Jr., winner of the
2003 IEEE Medal of Honor.
Photo by Bill Wiegand, University of lllinois

compact disc players, medical diag-
nosis, surgery, ophthalmology, and
many other applications. In the early
1980s, his group introduced impurity-
induced layer disordering, which con-
verts layers of a semiconductor struc-
ture into an alloy that has important
electronic properties.

During the last decade, Holonyak
and his students invented a process
that enables the formation of high-
quality oxide layers on any alu-
minum-bearing [lI-V compound semi-
conductor. The oxide process has
had a major impact on vertical-cavity
surface emitting lasers, making them
practical for such applications as
optical and data communications. His
more recent research focuses on cou-
pling quantum-dot lasers to quantum-
well lasers.

Among Holonyak's many awards
are the Frederic Ives Medal of the
Optical Society of America (2001),
the Japan Prize (1995), the National
Academy of Sciences' Award for the
Industrial Application of Science
(1993), the Optical Society's Charles
Hard Townes Award (1992), and the
US National Medal of Science (1990).
He is a member of the National
Academy of Engineering and of the
National Academy of Sciences, and a
fellow of the American Academy of
Arts and Sciences, the American
Physical Society, the IEEE, the
Optical Society of America, and is a
foreign member of the Russian
Academy of Sciences.
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VIEW OVER 800 PRODUCTS ON OUR NEW WEBSITE

| INDOOR/OUTDOOR COLOR CAMERA SYSTEM

- Complete 4 Color Camera Monitoring System

- Centralized Switcher Equipped with Auto Sequencing

- Each Camera Equipped with Microphones for Audio Monitoring
- Sees in Extreme Low Light (0.5 lux)

- Built-in Infrared lllumination in Each Camera

- Perfect for Your Home or Business LPD-400S $319.95

ASTRONOMICAL VIDEO & ULTRA HIGH SPEED

The DXB-8200SL sets new bench-

marks in Astronomical Video & Ultra

High Speed Terrestrial Video.

- Supersensitive CCD automatically

integrate up to 128 video frames

- 0.00001 Lux

- Fully adjustable settings via the on

screen Menu & 5 button keypad

- Displays video in Real Time what previously could only be processed
with a cooled single frame CCD camera and computer.

- Ability to produce dramatic black-and-white video images from
Andromeda M31, revealing the galaxy's dark dust lanes clearly.

- Globular clusters M13, M22 and elegant details of the Lagoon and
Trifid Nebulae are not beyond the grasp of this powerful supersensitive

| 3F2;amers. DXB-8200SL $359.95
NIGHT-VISION BINOCULARS

- Built-In Infrared llluminator for Viewing in
Complete Darkness

- Compact & Lightweight

- Water Resistant & Rubber Armoured

- Built-In Tripod Mount

- Carrying Case Included

26-0400 $599.95

PAN/TILT/ZOOM INTERNET COLOR CAMERA
- 25x AF Zoom

- Up to 50 User Access

- 10/100 Base T Ethernet
Interface

- 736 x 480 Pixels Maximum

- Up to 30 fps

- Supports DHCP, FTP, SNMP
and RS-232C/485

- Two Type |l PCMCIA Slots
- Steadyshot® Function
- Day/Night View Mode
- Built-in Web Server
- To be Used w/Standard Web Browser

SONY

4-CHANNEL 2.4 GHz WIRELESS CAMERA

- First Wireless Camera Designed For Extended

Operation on a Battery (15 hours!!l) IN
- Four Channels with Audio d (1
' - Four LED Channel Indicators l' : .STOCK
- Built-in High Gain Antenna 4 : NOw!

- Ultra Compact Design
- Excellent Choice For Your
Covert Applications

mMwc-o1 \°p;189.95

s00-308-6456 WWW.POLARISUSA.COM 500-308-6456

BOARD CAMERAS
20 Models Available

MB-780U
B/W BOARD CAMERA

- High speed, quiet pan/tilt/zoom

- Motion Detector with Relay Output

Complete Watch & Listen System
1/3" CMOS Camera with 380 TV Lines & 0.5 LUX
2.4GHzReceiver Built-In
2.4GHz Wireless Audio/Video Transmitter
4 Channel - 100m Range (Line of Sight)
Hidden Microphone & Omni Directional Antenna
Two 12V DC Power Adapters

$29.95 One Audio/Video Cable

8 CHANNEL COLOR QUAD PROCESSOR
GE

_ The QDP-400 is a very reli-
able quad processor, provid-
ed to you at a price that will
not break the bank! This 8
input color quad processor allows for 4 cameras to be displayed at a
time on one monitor. If you're looking for a great quad processor with-

out the expense, this is the quad for you! QDP-400 $299.95

5” TFT MONITORING SYSTEM
w/COLOR CAMERA

Rechéfgeable

-
‘I

'

WM-RCO01 $319.95

2.4 GHz Wireless Camera
3.6 Lens offering 330 TVL
Rechargeable Internal NiMH Battery for Monitor

6 LEDs allow for Incredible Night Vision

4 Channel Usability

Receiver Equipped with Auto-Switching Capabilities

2.4 GHz AUDIO/VIDEO
RECHARGEABLE COLOR CAMERA

- 2.4 GHz 4 Channel Camera

- Wireless Portability )
- Desktop or Wall Mount Y
- Our Smallest System Yet!

‘OUj ‘soli}Snpuj siiejo

- Rechargeable NiMH Battery, g
- AC Adapter Included
Complete Package
-

SMWS-01 $189.95

SINGLE CHANNEL DIGITAL VIDEO RECORDER

- Single Channel DVR - Direct VCR/TLR Replacement
- Designed to your specifications - Front Panel Navigation Panel
- Fully Upgradeable Internal HDD - 40 GB to 200GB Available Storage
- Hot-Swappable IDE HDD Bay - Compatible w/Multiplexers & Quads

DVR-150-06B $399.95 DVR-150-40GB  $459.95

DVR-150-80GB  $489.95 DVR-150-160GB $649.95
DVR-150-200GB $759.95

Circle #73 on the Reader Service Card.
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Micro Memories

Micro

Memories

The Birth of X10 and the Dawn of Home Automation

e i TS LA o AN e e N A

ack in the Jul. '02 issue of
» Nuts & Volts, we looked at the
" rough-hewn Apple 1. When
Steve Wozniak was designing the
Apple 1], its classic successor, he was
confident that one of the major appli-
cations for his new personal computer
would be home automation, which
lead to the Apple II's open design. Bill
Berner and Craig Elliott, the authors of
the 1996 book, Approaching Home
Automation, speculated that open
design was largely to facilitate the
development of home-control devices.
However, Woz and his partner,
Steve Jobs, didn't know that independ-
ently, a group of Scottish engineers
were developing a home automation
system of their own, called X10.

How X 10 Got its Name

Today, most readers of Nuts &
Volts probably take X10 for granted.
(Except perhaps when confronted by
one of their now ubiquitous, X10.com
pop-up ads for their remote video
cameras!) The fact that X10 modules
can be purchased at RadioShack —
which is to this day, still one of the
biggest retailers of X10 products —
has made X10 the McDonalds of
home automation. But remote

Pico went on to develop a range of cal-
culator ICs, which were manufactured
by General Instruments, and sold to
calculator manufacturers such as
Bowmar, Litton, and Casio.

When the price of calculator ICs
began to plunge, Pico decided to focus
on developing an actual retail product
versus concentrating on just ICs. In
1974, the Pico engineers jointly with
BSR, which at the time was the world's
biggest manufacturer of record chang-
ers, developed a record changer that
would select tracks on a regular vinyl
LP. The Accutrac could be operated by
remote control based on a device Pico
developed using ultrasonic signals.
This led directly to the idea of remote-
ly controlling lights and appliances.

In 1975, the X10 project was con-
ceived. It was the 10th project that Pico
had worked on. There were eight differ-
ent calculator IC projects and the
Accutrac was project number nine.
The concept of using existing AC
wiring to transmit signals to control
lights and appliances was born.

The Birth of Home
Automation

In 1978, after several years of

by Ed Driscoll, Jr.

refining their technology, X10 products
began to appear in RadioShack stores,
and shortly thereafter, in Sears. A part-
nership with BSR was formed, known
as X10 Ltd., and the BSR System X10
was born. The system, at that time,
consisted of a 16-channel command
console, a lamp module, and an appli-
ance module. Soon afterwards came
the Wall Switch module and the first
X10 Timer. While timers had long been
available for electric lights, this was
something new — a flexible home
automation network which sent its sig-
nals through the existing power lines of
a home. It's a fairly safe bet to call this
the true birth of home automation.

The Perfect Combo: X10
and Computer Control

In the early 1980s, X10 lacked an
official computer interface. Dave Rye
of X10 says that "In the early days,
there were a lot of computer enthusi-
asts using X10. There were third-party
computer interfaces available even
before we introduced one."

By 1984, Pico had developed a
joint venture with GE for a product
called the Homeminder. It was a VCR-
styled package, slightly larger than a
cable set-top box. It connected to

control of appliances and lighting
through the existing power lines
of the home was a major break-
through in home automation in
the mid-1970s.

In 1970, a group of engi-
neers started a company called
Pico Electronics, in Glenrothes,
Scotland. Pico revolutionized the
calculator industry by developing
the first single chip calculator.
(Most calculators at the time
used at least five chips, known as
Integrated Circuits — ICs.) Today,

the TV and was operated by an
infrared remote. Eventually the GE
division responsible for the
Homeminder was closed and the
units were repackaged and sold to
RadioShack. Soon after completing
the Homeminder, X10 developed
their first computer interface for
Mattel's short-lived Aquarius com-
puter. X10's Aquarius computer
interface eventually morphed, first
into the RadioShack Color
Computer Interface, and then into
X10's long-lived CP-290 unit, a truly

X10 claims that contrary to pop-
ular belief, this calculator IC was
the world's first microprocessor.

X10's ActiveHome starter kit, which replaced their
CP-290 controller. Still available to this day as an

X10 to computer interface.

universal and extremely popular
computer interface to control X10
modules.
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Micro Memories

The CP-290 was an enormously popular
X10 to computer interface.

It was also in 1984, according to
Dave Rye, a vice president and techni-
cal manager with X10 (USA), Inc., that
"BSR went belly up and so we pulled
out in 1984 and formed X10 (USA),
Inc. (we, being Pico). Pico is now a
wholly owned subsidiary of X10 Ltd.”

In 1989, X10 introduced the first
low-cost, self-installed wireless security
system. Then came the Voice Dialer
security system, the Monitored securi-
ty system, as well as Personal
Assistance versions. In 1995, X10 set
up its own monitoring station called
Orca Monitoring Services in Seattle,
WA. Today, it monitors security sys-
tems developed and manufactured by

X10 for RadioShack, Philips Consumer |

Electronics (Magnavox), and the X10
Powerhouse brand.

The CP-290 was eventually phased
out in the mid-1990s, when X10
replaced it with its ActiveHome con-
troller. Over the years, the CP-290 had a

long list of both "official" and shareware
software so that it could be used with
Apple lIs, Macs, DOS, and Windows in
all of its many versions. Its incompati-
bility with the more finely-tuned dim-
mers that Leviton built into their X10-
compatible switches was one of the rea-
sons for the CP-290's obsolescence.

Whither X10?

At over 25 years of age, is X10 get-
ting a bit long in the tooth? Of course.
But Dave Rye is certainly optimistic
about X10's future prospects, saying
the format "will last forever. It is the de
facto standard for home automation
and is used by IBM, RCA, GE,
Microsoft, RadioShack, Magnavox,
Leviton and, in fact, just about every-
one in the home automation business."
However, over the years, there have
been several attempts at replacing it.
Two of these are CEBus (short for
Consumer Electronics Bus), which
was introduced in 1984, and in 1991,
the Lonworks System. Both attempted
to improve the reliability of the X10
system, but neither has (yet) caught
on at the mass scale X10 has.

Helen Heneveld, a home automa-
tion industry consultant with the
Training Dept. (www.trainingdept.
com), which provides training products
to the industry says, "In the early 1990s,
the consumer mix fell into two cate-
gories: the ultra-high-end, with systems
of $100,000.00 and up, and the mass

|

Designed to go
between a light
socket and |
bulb, this
module will
control lights
withouta |
visible ‘
plug-in-the |
wall module. i

market, with systems of $2,000.00 and
$35,000.00. What actually happened
was moderate acceptance of CEBus in
the high market, and virtually no
acceptance by the mass market."

In other words, while X10 isn't per-
fect, it's still the only modular system
that can be bought on a low budget at
RadioShack, Home Depot, Micro
Center, and numerous other stores.
And that ability to get started cheaply,
for a homeowner to get their feet wet
with home automation, is a very good
thing. Now if only we could do some-
thing about X10's annoying pop-up
Internet ads ...

IDLY(ON
&

JEETS
&

GALEP 4

UNIVERSAL
PROGRAMMER

MOSFETS
&

. g TRANSISTORS
rammer | i
Output j| s ysToMS

Second Source Replacments
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COMPLETE KIT
¥
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for Interfet, Motorola
National, Siliconix
+ Custom Screening
¢ Die, SMT, Thru-Hole

* # Latest generation pocket sized
 programmer uses ASIC universal
pin driver technology. 1900-+device
library, with lifetime free updates.
Programs 8/16-hit EPROM'S,
EEPROMS, 0-Power RAM, FLASH,
Serial EEPROM's, GAL, PALCE,

microcontrollers such as 87/89xxx,
PIC, AVR, ST62, etc . Low voltage
devices down to 1.3V. No adapter
required for DIL devices. 8 Hrs.
operation on battery (AC charger
included). Runs WIN 98,NT,ME,
2000,XP with Hex/Fuse Editor.

VisualBasic. Substitutes higher priced
universal programmers e.g. ALL-11
(HILO) or LAB-TOOL-48 (ADVANTECH)
Providing virtually matching perfor-

LINEAR SYSTEMS

Full Service U.S. Manufacturer
of Specialty Linear Products

4042 Clipper Court
Fremont, CA94538

(TEL)510-490-9160
(FAX)510-353-0261
JFETS@LINEARSYSTEMS.COM
WWW.LINEARSYSTEMS.COM

mance at only 1/3-1/5 the price.

|
\
Remote control from other apps, (e.g.
|
Info. / Orders, call. : 619-702-4420

@ info, downloads: www.conitec.net

FAX: 619-702-4419 |

51 4TH AVE, SUITE 301 - SAN DIEGO, CA 92101

TEL: 61€

Circle #131 on the Reader Service Card. Circle #132 on the
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AM-FM BROADCASTERS, CAMERAS, TRANSMITTERS

mszv HOBBY KITS, AMATEUR RADIO, TOOLS...AND MORE!

Professional FM Stereo Radio Station § amv/rm

v Synthesized 88-108 MHz with no drift

v Built-in mixer - 2 line inputs, 1 mic input

v Line level monitor output

v High power version available for export use

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

from the ground up, including EMF% technology for the best per-

formance ever! Frequency synthesized PLL assures drift-free opera-

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

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

Professional 40 Watt Power Amplifier

v Frequency range 87.5 to 108 MHz
v Variable 1 to 40 watt power output
v Selectable 1W or 5W drive

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

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

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

watt drive you can boost your output up to 40 watts! And this is

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

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

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

PA100 40 Watt FM Power Amplifier, Assembled & Tested

Synthesized Stereo FM Transmitter

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

$259.95 $26905
$329.95 $349095
$399.95 $42905

$549.95 $59905

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

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

FM25B features a PIC microprocessor for easy frequency programming with-

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

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

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

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

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

FM25B Professional Synthesized FM Stereo Transmitter Kit

Tunable FM Stereo Transmitter

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

The FM10A has plenty of power and our manual goes into great detail out-
IininF all the aspects of antennas, transmitting range and the FCC rules and
regulations. Runs on internal 9V battery, external power from 5 to 15 VDC,
or an optional 120 VAC adapter is also available.

FM10A Tunable FM Stereo Transmitter Kit
Matching Case & Knob Set for FM10A
110VAC Power Supply for FM10A

Professional Synthesized AM Transmitter

v Fully frequency synthesized, no frequency drift!
v Ideal for schools
v Microprocessor controlled

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

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

is widely used by schools - standard output is 100 mW, with range up to 4 mile,

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

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

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

AM25 Professional Synthesized AM Transmitter Kit $89.95 $9905

Tunable AM Transmitter

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

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

AM1 Tunable AM Radio Transmitter Kit

CAM Matching Case & Knob Set for AM10

AC125 110VAC Power Supply for AM1

$119.95 $13905

Circle #30 on the Reader Service Card.

Mini-Kits...
Fast, Easy, FUN!/

Tickle-Stick

The kit has a pulsing 80 volt
tickle output and a mischie-

vous blin inE LED. And who
can resist a blinking light! Great
fun for your desk, “Hey, I told you not to touch!”
Runs on 3-6 VDC

154 Tickle Stick Kit $12.95

Super Snoop E ’

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

2 watts out%ut. Makes a great “big
ear” microphone. Runs on 6-15 VDC

BN9 Super Snoop Amp Kit

Dripping Faucet Lv[jﬂ T
Produces a very pleasant, but . .

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

EDF1 Dripping Faucet Kit

Our #1 Mini-Kit for 31 years!

Alternately flashed two jumbo red

LED’s. Great for signs, name badges,

model railroading, and more. Runs on 3-15 VDC.

BL1 LED Blinky Kit $7.95

Strappable to detect any single

DTMF digit. Provides a closure to
ground up to 20mA. Connect to

any speaker, detector or even a phone
line. Runs on 5 VDC.

117 DTMF Decoder Kit

Electronic Siren

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

SM3 Electronic Siren Kit

Universal Timer !@

Build anything from a time delay

to an audio oscillator using the
versatile 555 timer chip! Comes

with lots of application ideas. Runs on
5-15 VDC.

UT5 Universal Timer Kit

Yoice Switch

Voice activated (VOX) provides a

switched output when it hears a

sound. Great for a hands free PTT

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

VS1 Voice Switch Kit $9.95

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

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

TD1 Encoder/Decoder Kit $9.95

RF Preamplifier -
Super broadband preamp from - p

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

SA7 RF Preamp Kit $19.95

Touch Switch “#,

Touch on, touch off, or momentary "t

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

5

8 TS1 Touch Switch Kit $9.95




Hobby Kits

Build It, Learn It, Achieve it, ENJOY IT!

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

v Monitor output for your scope

v Simple & sate 9V battery operation

Enjoy learning about

the inner workings of the

heart while at the same time cov-

ering the stage-by-stage electronic

|/ circuit theory used in the kit to moni-

¢ : tor it. The three probe wire pick-ups
allow for easy application and experimentation without the cumbersome harness
normally associated with ECG monitors. Operates on a standard 9VDC battery.

ECG1 Electrocardiogram Heart Monitor Kit $39.95
CECG Matching Case & Knob Set For ECG1 $14.95
ECGIWT Factory Assembled & Tested ECG1 $89.95
ECGP10  Replacement Reusable Probe Patches, 10 Pack $7.95

lon Generator

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

This nifty kit includes a pre-made high voltage ion
enerator potted for your protection, and probably %

the best one available for the price. It also

includes a neat experiment called an "ion wind

generator". This generator works great for pollu-

tion removal in small areas (Imagine after

Grandpa gets done in the bathroom!), and moves

the air through the filter simply by the force of ion repul- 2

sion! Learn how modern spacecraft use ions to accelerate through space:

Includes ion power supply, 7 ion wind tubes, and mounting hardware for the ion

wind generator. Runs on 12 VDC.

1G7 lon Generator Kit
AC125 110VAC Power Supply

Plasma Generator

v Generate 2" sparks to a handheld screwdriver!
v Light fluorescent tubes without wires!
v Up to 25kV @ 20 KHz!

This is one heck of a neat kit! Hey, it really

serves no purpose other than producinE stun-

ning lighting displays, drawing big sparks,

scaring the neighbors and performing lots of

high voltage experiments. It can also be used

for powering other experiments; let your imagination

be your guide! The high voltage at the terminal won't .

electrocute you, so it’s relatively safe, but it can burn you, so use caution. Runs
on 14 VAC but can also be run from 5-24VDC so the output voltage can be direct-
ly adjusted.

PG13 Plasma Generator Kit
PS12 14VAC Output 110VAC Power Supply

High Power LED Strobe

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

SUPER
HOBBY
SALE
Expires
30/03

$54.95 $6405
$9.95

$64.95
$19.95

A 3x3 array of super bright Telux™ LED's creates a

brilliant sharp flash just like a Xenon flash tube. In

the standard flash mode, a variable rate control varies

the flash frequency from approx 1 to 220 flashes per sec-

ond. In the audio sync mode, the flash is triggered by any

audio input you provide into the standard RgA audio input con-

nector. Built-in low and high pass filters allow you to select either

base or treble music trigﬁenng! An external trigger in/out connector lets you con-
nect multiple units together for simultaneous fFash. Just imagine surrounding your
room with a few of these, triggered to your stereo! Be one of the first to experi-
ence the new high output LED's of 2003!

LEDS1 High Power LED Strobe Light Kit
CLEDS Matching Case & Knob Set For LEDS1
AC125 110VAC Power Supply

Tri-Field Sci Fi Meter Ak

v SEE RF, electric, and magnetic fields! A‘
v Watch the magnetic field of the earth!

v Sense different magnetic poles!

v Detect RF transmitter fields!

This really neat project actually senses and detects magnet-

ic fields, RF fields, and electric fields! The TFM3 has three

separate field sensors that are user selectable to provide a

really cool readout on two Sci-Fi strled LED bargraphs! Utilizin

the latest technology, including Hall Effect sensors, you can wa

around your house and actually "SEE" these fields around you! Also detect radia-
tion from monitors, TV's, electrical discharge, and RF emissions. You will have fun
finding these fields and at the same time learn the technology behind them.
Runs on 6VDC (4 AA batteries, not included). Live long and prosper!

TFM3 Tri-Field Meter Kit $39.95

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

Whether you want to learn the basics of electricity, ’
the theory of electronics, or advanced digital technology, our lab kits are for you!
Starting with our PL130, we give you 130 different electronic projects, together
with a comprehensive 162 page learning manual. A great start for the kids...young
and old! Step up to our PL300, which gives you 300 separate electronic %ro;ects
along with 165 page learning and theory manual. The PL300 walks you through
the learning phase of digital electronics. If you're looking for the ultimate lab kit,
check out our PL500. Includes a whopping 500 separate Fro;ects, a 152 page
starter course manual, a 78 page advanced course manual, and a 140 page pro-
gramming course manual! The PL500 covers everYthmg from the basics to digital
rogramming! Learn about electronics and digital technology the fun way...and
uild yourselt some neat projects!

PL130 130 In One Learning Lab Kit
PL300 300 In One Advanced Learning Lab Kit
PL500 500 In One Super Learning Lab Kit

RF Wireless Data Modules

= . 23 2 £
RXD Receiver/Decode RXDA Receiver/Decoder

v 433 MHz or 916 MHz data transmission Now you can build those spe-
v Factory assembled and tested! cial remote control projects in
v Encoder/Decoder models for security issues! a flash, and have the ultimate

in reliability...and security!
Unlike other units on the market, these units are crystal controlled for no frequen-
cy drift, yet are ultra small and very low power. These wireless RF link boards are
perfect for any wireless application- sending data, car alarms, door openers, home
security, electronic monitoring..you name it. All modules are pre-assembled and
tested so you can start your project today! Two versions are available - 433 MHz
and 916 MHz, 916 units can use shorter antennas (3 inches) and are better in
high RF environments, while the 433 units have better range but need larger
antennas (7 inches). NEW for 2003! A-Series modules include a programmable
dip switch for encoder/decoder settings, and common dual row pin-outs for easy
integration into your equipment!

RXD433A 433 MHz Receiver/Decoder Module w/Dip Switch
TXE433A 433 MHz Transmitter/Encoder Module w/Dip Switch
RXD433 433 MHz Receiver/Decoder Module, Assembled
TXE433 433 MHz Transmitter/Encoder Module, Assembled
RX433 433 MHz Data Receiver Module, Assembled

TX433 433 MHz Data Transmitter Module, Assembled
RXD916 916 MHz Receiver/Decoder Module, Assembled
TXE916 916 MHz Transmitter/Encoder Module, Assembled
RX916 916 MHz Data Receiver Module, Assembled

TX916 916 MHz Data Transmitter Module, Assembled

These are just a few of the hundreds and hundreds of neat
products at Ramsey! Check them out at...

TXEA Transmitter/Encoder

$39.95
$37.95
$34.95
$32.95
$29.95
$24.95
$34.95
$32.95
$29.95
$24.95

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

i, 800-446-2295
RAMSEY Where + Build it!

RAMSEY ELECTRONICS, INC.  Electronics ¢ Learn It!
793 Canning Parkway Is Always 4 Achieve It!

Victor, NY 14564 :
(800) 446-2295 + (585) 924-4560  TUN!  # Enjoy It!

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

Get Technical

by James L. Antonakos

‘ NUT5 & Vours
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mmhis month, | continue a multi-
part examination of protected-
mode architecture. Previously,
the mechanics of segmentation and
paging were covered. Here | will pres-
ent the details of protection and multi-
tasking — two very important features
in multi-user and multi-process operat-
ing systems.

Protection

Consider a multiuser operating
system based on the Pentium. Each
user is capable of executing programs
and using system resources, such as
the hard disk, printer, and other hard-
ware supported by the system. Now,
imagine what might happen if one
user's program goes out of control
due to an unforeseen bug, and begins
writing over important operating sys-
tem data structures stored in memo-
ry, or even the code and data of pro-
grams being executed by the other
users.

Electronic Theories and Applications From A to Z

Let’s Get Technical

Inside Protected Mode — Part 2
Protectlon and Mulmaskmg

The system will, most likely, grind
to a halt and require a complete re-
boot. Even worse, the problem may
go undetected for a long time, caus-
ing additional bugs that may be hard
to find when the initial problem is
eventually discovered. This situation
must not occur.

Through the use of certain pro-
tection mechanisms, this catastrophe
can be prevented, and possibly even
corrected, before any damage occurs.
The Pentium provides protection for
segmented and paged memory
accesses. Protection is accomplished
by comparing privilege levels during
address translation. One task can be
prevented from accessing code and
data of another task, or even perform-
ing a task switch.

Protecting
Segmented Accesses

Prior to any memory access
using segment selectors, the Pentium

ot T s s b S £ R S

performs five different checks. These
checks are as follows:

+ Type check

+ Limit check

+ Addressable domain check

+ Procedure entry point check
+ Privileged instruction check

Any violation of these protection
checks results in an exception. Type
checking is used to determine
whether the current memory access
(read/write) is allowed. For example,
a memory write is not allowed on a
read-only data segment. It may also
be illegal to read from an execute-only
segment. The types of accesses
allowed are based on individual bits in
the data and code segment descrip-
tors. These bits include the writeable
bit (data segment descriptor) and the
readable bit (code segment descrip-
tor).

Limit checking uses the 20 limit
bits stored in the segment descriptor

to guarantee that address-

31

16 15 14

13 12 e

es outside the range of the
segment are not generated.

Offset (16 —31)

P DPL 01100000

DWORD | 4
count

The granularity bit deter-
mines how the limit bits are
interpreted.

When the granularity is

Segment selector

Offset (0-15)

zero, the limit bits specify

O the total number of byte

Figure I. Structure of a call gate.

addresses that may be
used. For example, if the
limit bits have been set to

Figure 2. Page

table entry protection bits.

U/S - User/Supervisor
(D (0)
R/W - Read-write/Read-only
(n 0)

31 iR de .6 5 @8 2 1 0 O01FFFH, no addresses
above xxxx1FFFH may be
PP LY R generated. When the gran-
PTE Page frame address (12 -31) Avail. 00 DIA]JCEW] /(| P ularity bit is one. the limit
DIT]S|W : . P
bits specify the number of
—

4KB pages used by the
segment. Thus, a limit
value of 00400H represents
a segment size of 1,024
4KB pages (a total seg-
ment size of 4MB). Any
attempt to generate an
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address above the addressable limit
results in a general protection viola-
tion exception.

The addressable domain of a task
is a function of the task's CPL. A CPL
of zero is the highest privilege level,
and a task with a CPL of zero may
thus access data operands in seg-
ments with any privilege level. As the
CPL changes to lower privilege levels
(one, two, or three), only segments
with the same or lower privilege level
may be accessed.

For example, a task with a CPL of
two may access data segments with
privilege levels of two or three only. A
task with a CPL of three may only
access data segments with a privilege
level of three. The privilege level of a
segment is specified by the two DPL
bits stored in its descriptor.

The procedure entry point check
is performed through the use of a call
gate. Call gates are used to control the
transfer of execution between proce-
dures of different privilege levels. The
structure of a call gate is shown in
Figure 1.

The call gate has a structure simi-
lar to that used for a descriptor. The P
(present) bit and DPL bits indicate the
presence of the segment in memory
and its privilege level. The DWORD
count specifies the number of double-
words to transfer from the caller's
stack to the stack in the new proce-
dure, if there is a privilege change. The
calling task's CPL is compared with
the DPL of the call gate to determine
whether control may be transferred to
the procedure entry point specified in
the call gate. Call gates are used by
JMP and CALL instructions, and may
only reside in the GDT and LDT.

Finally, some instructions are
privileged, and may only be executed
when the CPL is zero. These instruc-
tions include:

CLTS

HLT

INVD

INVLPG
WBINVD

LGDT

LEDT

LIDT

LMSW

LTR

MOV to/from CR
MOV to/from DR

A general protection violation
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exception is generated if an attempt is
made to execute any of these instruc-
tions with a CPL greater than zero.

Page-Level
Protection

Protection for memory pages is
performed after the protection

checks for segmented address gener-
ation, and consists of two checks:

« Type check (reads and writes)
Addressable domain check
(via privilege levels)

The page directory and page
table entries (PDE and PTE) contain
two bits that are used to perform
these two checks. Figure 2 shows the
format of a PDE or PTE. The two pro-
tection bits are U/S (user/supervisor)
and R/W (read-write/read-only).
Pages are marked as user (U/S
equals one) or supervisor (U/S is
zero).

A task is running at the supervi-
sor level if the CPL is zero, one, or
two. A task running at the user level
(CPL equals three) may only access
a user page. A task running at super-
visor level may access any page.

When R/W is zero, the page is a
read-only page. A user-level task may
only perform reads from the page.
No user-level writes are allowed. A
supervisor-level task may also read
the page. If write-protection is dis-
abled (through the WP bit in CRO), a
supervisor task may write to the
read-only page.

When R/W is a one, the page is
available for reads and writes. A user-
level task may not read or write a
supervisor-level page. If write-protec-
tion is enabled, the Pentium will catch
any write to a user or supervisor page
(via the page fault exception).
Combining segment-level and page-
level protections adds a large measure
of security and reliability to a Pentium-
based system.

Multitasking

One of the most significant fea-
tures of protected mode is its ability to
support execution of multiple pro-
grams (called tasks) simultaneously.
In actuality, only one task is ever run-
ning at one point in time, since there is
only one Pentium to execute on. But
the ability to switch from task to task
at very high speeds gives the impres-
sion that many tasks are all running at
the same time. This is illustrated in
Figure 3. Note that each task executes
for a period of time (called a time
slice), and then a task switch is used
to switch from one task to the next.
Rapidly switching from task to task
gives the impression that all tasks are
running at the same time.

The Task State
Segment

During a task switch, the contents
of all processor registers, as well as
other information, are saved for the
task being suspended and new infor-
mation is loaded for the next task. This
information is not saved on the stack,
as you might expect, but in a special
memory structure called the task state
segment (TSS). The structure of a 32-
bit TSS is shown in Figure 4.

The TSS contains storage areas
for all of the Pentium's 32-bit registers
and 16-bit segment selectors, plus
additional storage for the stack point-
ers and segment selectors for each
protection-level stack. When a task is
created, the task's LDT selector (offset
60H), PDBR (offset 1CH), protection-
level stacks, T-bit, and I/O permission
bit map are filled in. During a task
switch, these items are read, but not
changed. Only the register portion
(offset 20H through 5CH) is modified
during a task switch, being overwritten
by the current contents of each regis-
ter. These values are read during a
task switch that restarts a suspended
task.

e Time
p !

i L4
Task Task Task Task Task Task Task Task
1 2 3 1 2 4 1 2

. )

¢ T T T >
Task Task i Figure ? !?\unnulxg
switch 3 4 multiple tasks
completes begins simultaneously.
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TSS Descriptors 31 24 23 2019 16 15 14 13 12 0 9 8§ 7 0
. e A Lim i
As with any segment, the B“S;ad;l“’“ G|loo|ly (1"6‘"’1‘; P | DPL 010 B | I B“S]“;dz‘;fess 4
TSS utilizes a descriptor that e 1 [ il
defines the various characteris- ’ -
fiee- the segment will. exhibit. Base address (0-15) Segment limit (0-15) 5
Figure 5 illustrates the format of

the TSS descriptor. The individual
bit fields are defined as follows:

Base address: 32-bit segment
base address

Segment limit: 20-bit segment
size limit

G: Granularity

AVL: Segment available

P: Segment present

DPL: Descriptor privilege level

B: Busy

The granularity bit determines
how the limit field is interpreted (size
in bytes or size in 4KB chunks). When
G is clear, the limit field represents a
segment size from one byte to 1MB.
When G is set, the segment size goes
from 4KB to 4GB (4,096MB, in
chunks of 4KB). If the segment is
available for use, the AVL bit will be
set. The present bit indicates whether

the segment is actually in memory or
not (possibly having been swapped
out during a page fault). The two-bit
DPL field indicates the privilege level
of the segment, and is used in protec-
tion checking. The busy bit indicates
that the task is currently running, or
waiting to run, when high.

The Task Register

TSS descriptors may only be
loaded into the GDT. When multiple
TSS descriptors exist in the GDT, the
TSS currently in use is accessed
through the use of the task register.
The task register is used as an index
pointer into the GDT to locate a TSS
descriptor. The format of the task reg-
ister is shown in Figure 6.

The task register contains two
parts: a visible portion

31 16 15 0

$80 8

sS1 10

14

s82 18

CR3 (PDBR) Ic
EIP 20
EFLAGS 24
EAX 2
ECX 2
EDX 30
EBX 34
ESP 38
EBP 3ic
ESI 40

ES 48

cs 4C

sS 50

DS 54

FS 58

GS sC

Task LDT selector

2

170 map base address

Link (previous TSS) o[

T ~ Debug trap bit

accessible by the pro-
grammer, and an invisible
portion that is automati-
cally loaded with informa-
tion from the associated
TSS descriptor. The task
register may be loaded
with a new TSS selector
with the LTR (Load Task
Register) instruction. LTR
requires a 16-bit register
or memory operand, and
may only be executed in
protected mode with a
CPL of zero.

Initially, the task regis-
ter is loaded with the first
protected-mode task to
execute via LTR. Then,
during a task switch, the
task register is changed to
reflect the new TSS being
used. The visible portion
of the task register may
be read with the STR
(Store Task Register)
instruction. Only the 16-
bit selector portion visible
to the programmer may
be stored. STR may only
be executed in protected
mode.

| —Reserved

Figure 4.
32-bit

TSS

structure.

Figure 5. TSS descriptor.

Task Gates

Since the TSS descriptor con-
tains two DPL bits that specify the
privilege level of the segment, a task
switch may result in a privilege viola-
tion if the new task has a lower prior-
ity than the currently executing task.
In addition, it may be necessary for
an interrupt or exception to cause a
task switch to a segment containing
the handler code. The Pentium pro-
vides task gates as an additional way
to facilitate task switching. Task
gates may be stored in the LDT of a
task, or in the IDT (Interrupt
Descriptor Table). The format of a
task gate is illustrated in Figure 7.

Task gates allow a single busy
bit to be used for a segment (the one
contained in its TSS descriptor).
Even though many different tasks
might have access to a segment
through their respective task gates,
only one TSS descriptor is required
for the segment.

For example, suppose that a
TSS descriptor points to the handler
code for the divide error exception.
Since many different tasks may gen-
erate this exception, each will require
a task gate in its LDT to access the
TSS descriptor of the divide error
handler.

Task Switching

Switching from one task to
another is accomplished in four dif-
ferent ways:

Resources

Satisfy your curiosity by examining protect-
ed-mode material located on the web at:

http://x86.ddj.com/articles/pmbasics/
www.tenberry.com/web/dpmi/toc.htm
www.midpec.com/djgpp/protmode/

http://developer.intel.com/design/intar
ch/papers/exc_ia.htm
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Page Page

Task 1 TSS directory table

PDE ME
—E: PDE  |—

PDBR

Task 2 TSS

—E: = i
PDE

PDBR

Physical memory i s
page frame TR Selector Base address Segment limit
[ ] f Figure 6.
Visible to Invisible to Task register
programmer programmer format.
>t 1] | | 31 16 15 14 13 12 g 7 0
l¢—— Reserved —| P | DPL 00101 Reserved 4

TSS segment selector

Task 3 TSS

{ Task 2 }

———————— Reserved = ()

PDBR PDE PTE

PDBR - Page directory base register
PDE - Page directory entry
PTE - Page table entry

+ The current task JMPs or
CALLs a TSS descriptor.

+ The current task
CALLs a task gate.

« The current task executes an
IRET when the NT flag is set.

+ An interrupt or exception
selects a task gate.

JMPs or

When a task switch is called for,
the following steps take place:

1. The new TSS descriptor, or
task gate, must have sufficient privi-
lege to allow a task switch. The DPL,
CPL, and RPL values are compared
before any further processing takes
place. Interrupts and exceptions do
not force protection checking.

2. The new TSS descriptor must
have its present bit set and have a
valid limit field.

3. The state of the current task
(also called its context) is saved. This
involves copying the contents of all
processor registers into the TSS for
the current task.

4. The task register is loaded
with the selector of the new TSS
descriptor.

5. The busy bit in the new TSS
descriptor is set, as is the TS bit in
CRO.

6. The state of the new task is
loaded from its TSS and execution is

Figure 8. Logical to physical

address mapping in multiple

TSS descriptor is
copied into the TSS
of the new task to
facilitate a return
when tasks are nest-
ed (NT flag is set).
An IRET instruction
checks the NT flag to
determine if the previous TSS selec-
tor may be used during a task
switch.

The TS bit in CRO that is set dur-
ing a task switch may be cleared by
executing the CLTS (Clear Task
Switched Flag) instruction.

{ Task 3

tasks.

Task Addressing
Space

Figure 7. Format of a task gate.

output operations, and Virtual-8086
mode. An actual protected-mode
assembly language program will
also be presented.

James Antonakos is a Professor in the

Departments of Electrical Engineering
Technology and Computer Studies at
Broome Community College, with over 26

years of experience designing digital and ana-

log circuitry and developing software. He is
also the author of numerous textbooks on
microprocessors, programming, and micro-
computer systems. You may reach him at
antonakos_j@sunybroome.edu or visit
his web site at www.sunybroome.edu

~antonakos_j.

If paging is not enabled, the
linear addresses generated by a

task are the same as the physi-
cal addresses sent to the memo-
ry system. When paging is
enabled, it is possible for each
task to have its own separate,
protected addressing space
through the use of the PDBR
stored within each TSS.

As Figure 8 indicates, tasks
may map their logical addresses
into different, or overlapping,
physical memory spaces.
Overlapping (or shared) physi-
cal addresses is useful for pro-
viding the same information to
many different tasks (such as
the contents of DOS's interrupt
vector table).

More to Come

In Part 3, | will complete my

EMBEDDED LiNUX

STARTER KIT

FEATURES INCLUDE:
« Linux 2.4 Kernel
« 486-133MHz SBC
« 10 Base-T Ethernet
« 8MB DOC Flash Disk
« 16MB RAM
« Power Supply
« Carrying Case
« Starting at $399.00
« X-Windows (option)
« RealTime Linux (option)

magine running Embedded Linux on a Single

Board Computer(SBC) that is 4.0" x 5.7" and
boots Linux from a Flask-Disk. No hard drives,
no fans, nothing to break. Now your hardware
can be as reliable as Linux! If your application
requires video output, the X-Windows upgrade
option provides video output for a standard
VGA monitor or LCD. Everything is included;
Ready to Run Linux!

17 EmAL, inc.

YEARS OF

[souvnions | EQUIPMENT MONITOR AND CONTROL

Phone: (618) 528-4525 « Fax: (618) 457-0110 « www.emacinc.com

resumed. coverage of protected mode fea-
tures with a discussion of excep-

tions and interrupts, input/

The selector for the old task's
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Electro-Net Go to www.nutsvolts.com — click electronics links

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

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

Robot Kits, Parts, Tools and Books

www.hobbyengineering.com

www.gatewayelex.com

(Electronically Speaking, Gateway’s Got It!)

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

C Compiler for PIC MCUs

262-797-0455
Ext. 35

www.ccsinfo.com/picc

Cwrwriv. web-tronics.com)

OVER 8,000 ELECTRONIC ITEMS ONLINE
DEALS YOU WON’T BELIEVE!

C & S SALES

WWW.CS-SALES.COM

Digital Multimeters, Soldering Stations, Test

Equipment, Snap Circuits, Educational Kits

Your BASIC stamp Headquarters
www.parallax.com

World's Smallest
Ethernet Web
Server

www.netmedia.com
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*.COM

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

www.ramseykits.com

Electronics, Optics,
Surveillance
www.resunltd4u.com

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

CueCats * Simple Low-Cost
Barcode Scanners
www.mavin.com

Tools for the Imagination
Embedded Controllers
www.micromint.com

Save up to 90% on
Inkjet Inks

www.inkjetsw.com

World’s Smallest 68HCI |
Microcontroller Module!
www.technologicalarts.com

Lemos International
RF & Microwave Specialists
www.lemosint.com

Robots For When You're
Tired of Playing With Toys

www.lynxmotion.com

www.zworld.com
Embedded Control

with Ethernet Connectivity

ONE PASSircuit™

From only
$6.95
+S&H

o = |

www.onepasinc.com

PICmicro MCU Development Tools

BASIC Compilers
Device Programmers
Prototyping Boards
Experimenter Boards
Books

www.allelectronics.com

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

Thousands of active electronics hobbyists,
experimenters, and engineers are just a mouse click away
from your website. Now you can get both a print ad and
internet link for one low price.

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

Electronic Design for Windows

CAD/CAE Software Package providing complete set
of tools you need to save time and money when designing
and making Printed Circuit Boards.

The package includes Schematic Editor, Layout Editor
Full set of Libraries, Library Editor, Fabrication Manager
Mixed mode Simulator, EDSPice Simulator, Autoplacer
Arizona Autorouter, Electromagnetic Analyzer, Thermal
Analyzer and Signal Integrity.

New EDWin XP is enhanced with VHDL Support

EDWin features seamless integration between all its modules
thanks to a totally integrated design database structure
facilitating automatic front and back annotation.
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Worldwide round the clock free user support and free library creation on request.
Non Commercial License for Students and Hobbyists - prices starting from $ 59
U.S. Distributor and Technical Support
EDWin-America, Inc.
56 Regatta Bay, Suite 324
For FREE Trial Download Annapolis, MD 21401
Visit http://www.visionicsusa.com Phones: 866-571-9668 (Toll Free for the U.S.A and Canada)

+ 410-571-9668 international
Fax: 410-571-9757
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Jus For Starters

by George Whitaker

Basics For Beginners

Just For Starters

Understanding Telephone Systems

is month, we are going to
look at some basic informa-
tion about phone systems.
You may want to do your own house
wiring, or may need to interface a
project with the telephone.
Understanding the operation of the
phone system can help avoid prob-
lems, or make troubleshooting easier.

Tip, ring, and sleeve refer to the
parts of a standard 1/4-inch plug (see

| Figure 1), and is a holdover from the

days when operators actually used
patchcords to connect callers togeth-
er. Today, you will find that the terms
in use deal with phone-related equip-
ment and patch panel phasing.

In phone terms, it relates to keep-
ing your polarity straight so that the
ringing voltage and the holding volt-
age appear on the proper terminals
of your equipment. It used to be that
nearly all phone-related equipment
was polarity-sensitive, and simply
would not work if the polarity was
reversed. As | mentioned in an earlier
column, equipment today is much
more forgiving. However, if you have a
problem with a phone or equipment
designed to attach to a phone line,

TELEPHONE WIRE COLORS

you may find that correct polarity is
required. To help keep things straight,
the phone companies adopted a stan-
dard color code many years ago.
Figure 2 shows the standard color
code for house wiring.

Tip and ring are brought from the
local telephone central office (CO) to
each user's telephone equipment.
When the user's tip and ring reach the
CO, it is converted from two to four
wires. This means that the send and
receive audio are separated so the
CO can process the two sources of
audio independently. The information
is then sent — usually digitally — to
other COs by cable, microwave, or
satellite.

At the CO, the telephone compa-
ny places a DC voltage across tip and
ring. A trickle charge battery bank
that keeps the system operational dur-
ing power outages usually provides
this DC voltage, varying from 20 to
about 48 volts DC. This system pro-
vides the direct current upon which
the telephone set itself functions.

When a call is made, a ringing
voltage of 105 volts AC, or pulsating
DC, is provided by the CO to drive the

ringer inside the telephone. When
you pick up the handset, the hook

et o > |
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happens when you answer the phone.
The hybrid will have a resistance of
approximately 600 ohms. Anytime a
DC path of 1,000 ohms or less is pro-
vided across tip and ring, the CO will
sense this and will do two things. It
will stop sending the ringing voltage
and it will complete the connection to
the incoming caller.

When a call is completed, anoth-
er sequence of events is triggered.
When you hang up your handset, you
are, again, placing the ringer on the
line and removing the hybrid. This
change in resistance is detected at
the CO as a current change, and is
the signal to the CO to terminate the
call. The CO will place your line back
in the "standby" position and wait for
the next call.

On the other end, certain other
events will take place. The CO — hav-
ing sensed a disconnect on your end
— will send a momentary polarity
reversal to the phone with whom you
have been connected. This signal tells

that phone, and their CO, that the call
has been terminated.

In the case of automatic answer-
ing machines, computers, fax

switch disconnects the ringer and |
connects the telephone set to the |
line. Actually, it is connecting what

is called a hybrid circuit across the \

| |In the standard four-conductor house wire,
sometimes called “| wire” for interior, red and |
green make a pair for line one and yellow and |
black make up the pair for line two. ‘

TIP RING incoming line. This is what keeps | machines, and the like, it is this polar-
g;ii“ $:I?ow separate the incoming audio that | ity reversal that tells the machine to

terminate the call on their end and
return to standby mode. Their CO will
also return their line to standby and
they will, again, receive a dial tone if
their phone is off the hook.

[ want to point out that there are

goes to your earpiece from your
audio coming from the microphone
part of your handset. This keeps
your voice sounding lower in your
earpiece than the incoming caller.
Hybrids can be used in several

When you get into phone cables with more
than four conductors, you will have a base
color with another color painted on. This
painted-on color is referred to as a trace and,
in the case of the first conductor, the proper
nomenclature would be, “white with blue

Vours

| trace” audio applications and we will have | some other methods employed in cer-
ga TIP RING Figure 2 a column showing how to make one tain areas and situations that won't
ie || White/blue Blue/white at a later date. They are used, for | exactly match what | have described
gs White/orange Orange/white instance, in patching ham equip- | here. However, in the vast majority of
w::::;ﬁ:za‘n g::\?«://vvcl]wlitt: ment to a phone line. the US, the methodology described

z Anyway, getting back to what here will be what you find. NV
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World’s Smallest Video Cameras « Wireless Video ¢« Covert Video

SUPERCIRCUITS 0 SECURITY

HOT VALUE
CAMERA

World’s Best
Video Camera
Value!

MICRO AUDIO
SYSTEM

Super

High Gain

Preamplifier!
y S than - * 86 degree FO.V.

\l\)ﬁ?sq“mt ® 240 line res, 0.5 lux
\ e [atest gen CMOS imager

¢ Auto shutter, gain, backlight

* Low smear & blooming suppression

e Draws only 20 mA at 12 volts DC

* Plug and play cables

¢ | year warranty and 30 day MBG

PC166XS B/W Video Camera

on-board IC

® Runs on 6-15 volts DC at 20 mA

e Comes with 6 ft. power/audio
cables and a 30 day MBG

PA3 Micro Audio System

DAY AND NIGHT COLOR INFRARED CAMERAS

See Up To 50 Feet In Total
Darkness!

$19.95

» Weatherproof case

Comes with easy instructions, 1 year warranty and 30 day money- back satisfaction guarantee.

PC177IR-1 Color Day/Night Video Camera with 12 Foot IR Range
PC177IR-2 Color Day/Night Video Camera with 35 Foot IR Range ...
PC177IR-3 Color Day/Night Video Camera with 50 Foot IR Range

¢ Built-in preamp for low noise, high
gain and auto level adjustment by the

Z A e,
» The weight is under 1/2 ounce @&
e Output is line level .‘ll‘

* Photocell LED activation
* 400 lines of resolution
e 0 lux rating
¢ 1/3” color Sony
Super HAD CCD
e 70° field of view
e |2 volts DC, 500mA
e | year warranty @

NETWORK COLOR CAMERA

NEW HIGH RESOLUTION
MICROVIDEO CAMERA

Over 420 Lines Of Resolution
For Only $39.95!

e Super sharp 420 lines of resolution
e Low light ability - 0.1 lux
e Built in tough metal housing
e PC212XS (left) has 3.6MM microlens
e PC212XP has 3.7MM flat pinhole lens
e PC212XP2 has 3.7MM conical pinhole lens
e [2 volts DC at 100mA
¢ | year warranty/30 day MBG
e Also available in color models-- Call us today
for more information!
PC212XS B/W Microvideo Camera
PC212XP Flat Pinhole Microvideo Camera
PC212XP2 Super Pinhole Microvideo Camera ...

DIGITAL VIDEO RECORDER

$59.95

Replacement For Time Lapse VCR's!

e Single channel digital video recorder
® 60 images per second

e Playback search

® RS232 compatible

e Alarm inputs

* Time/Date stamp

e Password protection

e Video loss detection

e Compatible with most quads

e Rack mountable

v

Comes with easy connection instructions and 1 year warrant y.

DVR-7 DVR
DVR7-80 DVR with 80GB Hard Drive
DVR7-160 DVR with 160GB Hard Drive ..

$639.95

WIRELESS VIDEO
Only $389.95! The Easy High Tech ‘

* Includes camera, transmitter
and receiver

e FCC Part 15 approved

e /3" CMOS camera with 300
lines of resolution, 1 lux

e Transmitter is 4.8" x 2.5" x 1.5"

* Operates on 2.4 GHz band

e Four channel operation

e Both units run on included 12
volt power supplies

e | year warranty/30 day MBG

MVL10BW Mini 2.4 GHz B/W
Camera/Video Link ....

$119.95

700 Foot Range,
Under

New! View Your Home or Business
From Across the Gliobe!
e View a location anywhere in the world
e Remotely pans 140° and tilts
internet browser
e | alarm input and output
* Expandable to 8 cameras
¢ 640 X 480 max resolution
e 2 |ux low light rating
WORLD' SMALLEST
VIDEO CAMERA
This Camera Is Smaller Than
A Sugar Cube!
e Incredible 0.375" square X 0.625"
e Latest generation 1/7° CMOS
¢ |2 volts DC at only 20mA
e | year warranty/30 day MBG
Comes with power cable, complete instructions,
1 year manufacturer's warranty and 30 day
Turn Your PC Into A Digital Video
Recorder & Quad Processor!
® Four camera RCA inputs, 1 output to TV
e Software controlled motion detection (included)
Requires Pentium Il 350 Mhz or faster
* Remote monitoring through modem,
TCP/IP, or IPX
e Custom configuration for 4, 8, 12, 16
camera systems. Call us today!
e | year warranty/30 day MBG
i See Hundreds Of Amazing
$160! Video Products Online At
www.supercircuits.com
or Call Us Today To Order
or Request A Free Catalog

120° with 2X zoom . {
e 8 position pan/tilt presets s
¢ Viewable over virtually any \’
! i
* 9 volts DC at 330mA \ 7
e | year warranty/30 day MBG
WV-NM 100 Panasonic Network Camera ... $399.95
* 380 lines horizontal resolution
0.5 low lux rating
e Built-in 3.5MM pinhole lens
money-back satisfaction guarantee
PC206XP 12 Volt B/W Video Camera ..
4 CAMERA VIDEO CAPTURE CARD
* Up to 30 fps
¢ Alarm notification through your speaker or
to any phone number you designate
SVG-5 4 Camera Video Capture Card
SVG5-KIT 16 Camera Video Capture Card System
1-800-335-9777
One Supercircuits Plaza, Liberty Hill, TX 78642
Phone 1-512-778-6950 Fax 1-866-267-9777
Prices, specifications and availability are
subject to change without notice. Published

terms & conditions apply. Copyright 2003

$159.95 Supercircuits, Inc.

Circle #32 on the Reader Service Card.
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Inexpensive Microcontroller Options

e e e s e

crocontrollers changed the
ace of amateur robotics. In
‘one chip-sized package is an
affordable programmable computer
with a multitude of I/O for connecting
to a robot's various motors and sen-
sors. Best of all, they're cheap! Basic
microcontrollers sell as low as just
$1.00.

Microcontrollers are expressly
designed to be used in so-called
"embedded" applications, where con-
trol of some external device is the
main goal. A huge advantage of
microcontrollers over earlier
approaches to robot brains — board-
level computers — is that they are
easily-connected, real-world devices.
Based on the robot's input, the inter-
nal programming in the microcon-
troller can command the motors in
such a way that the robot exhibits
quasi-intelligent  functions.  For
instance, the 'bot might move toward
a light, or away from a barking dog.
The possibilities are endless.

This month, we'll explore a vari-
ety of options for inexpensive micro-
controllers. Though the microcon-
troller is basically a generic, universal
device, some of these products are
expressly designed for use in ama-
teur robots.

Athena Microsystem
Solutions
10624 Rockley Rd.
Houston, TX 77099 USA
www.athenamicro.com

Athena sells microcontrollers

and single-board computer peripher- |

als. Product highlights:

+ AMS-HE/DE — Precision Hall-
Effect DC current sensing
module.

- AMS876 — SIMMStick plug-in
module based on Microchip's
PIC16F876 Flash memory
microcontroller.

« SLI-OEM — Serial LCD controller.

+ AMS-900PA/232 — Spread
spectrum wireless transceiver.

Axiom Manufacturing, Inc.
2813 Industrial Ln.

24

Garland, TX 75041 USA
www.axman.com

Axiom Manufacturing specializes
in single-board computers, embed-
ded controllers, custom design, and
manufacturing solutions. Products
include single-board computers
based on the Motorola 68HC11 and
68HC12 microcontrollers, 80CXX
microprocessor, MPC555 PowerPC,
and MMC2001 Mcore microcon-
troller.

Basic Micro, Inc.
34391 Plymouth Rd.
Livonia, Ml 48152 USA
www.basicmicro.com

Basic Micro produces the MBasic
line of compilers for PICmicro micro-
controllers. Among their products
are: development boards, getting
started kits, ISP-PRO programmer,
Atom and OEM Atom microcon-
troller, MBasic compilers, solderless
development boards, prototyping
boards, and ISP-PRO programmer.

The Atom-IC Module, available in
24- and 28-pin packages, is similar to
the venerable BASIC Stamp, but with
numerous hardware features that
make it ideal for use in robots. The
24-pin version of the Atom is pin-
compatible with the BASIC Stamp II,
and the programming language used
with the Atom is a superset of that
found on the BASIC Stamp I

BasicX

10940 N. Stallard PI.
Tucson, AZ 85737 USA
www.basicx.com

The BasicX is a general-purpose
microcontroller with a built-in pro-
gramming language. You write pro-
grams on the PC using a Basic-like
syntax, then download them, via a
cable to the BasicX. Unplug the
cable, and the program is now resi-
dent on the BasicX runs.

There are several flavors of the
BasicX: The BasicX-1 is a 40-pin chip
that requires an external crystal and
capacitors, and voltage regulator (if
one is not provided with your other
circuitry). The BasicX-24 is a 24-pin

run from a six- or nine-volt battery.
The pinout of the BX-24 is the same
as the BASIC Stamp Il from Parallax.
The BX-36 is a low-cost stand-alone
chip version of the BX-24.

Blue Bell Design, Inc.
PO. Box 446
Gwynedd Valley, PA 19437-0446 USA
www.bluebelldesign.com

Among its wares, Blue Bell offers
a unique co-processor dedicated to
robotics control. The co-processor
adds servo control, A-D inputs,
switch debouncing, and other fea-
tures, and connects to your robot's
main microcontroller.

Chuck Hellebuyck
Electronics
| 775 Medler
Commerce, Ml 48382 USA
www.elproducts.com

Chuck resells the Atom from
Basic Micro and MBasic compiler
software. He also offers his own cus-
tom boards, as well. The BasicBoard
is a general-purpose microcontroller
board with LCD panel, speaker,
LEDs, and other components built-in.
It's designed as a get-it-working-quick
solution for a variety of embedded
tasks. The BotBoard is specifically
designed as a robot controller and
includes connection headers for R/C
servos, A-D expansion ports, and
more.

Dontronics, Inc.
PO. Box 595
Tullamarine, 3043 Australia
www.dontronics.com

Dontronics specializes in micro-
controllers, as well as the SimmStick
prototyping development board sys-
tem. Based in Australia, he ships
worldwide. Highlight products:

« DTO07 Micro Motherboard.

+ DT104 Atmel Micro on a
SimmStick.

« DT107 SimmStick for 8051, 8252,
AVR 8515 and AVR 28 pin
Micros.

- DT108 SimmStick Video.

chip that has everything on-board to | + DT205 Relay Board.
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+ SIMM100 SimmStick compatible
for the AT90S8535.
- Gigatechnologies USB.

Embedded Systems, Inc.
[ 1931 Highway 65 N.E.
Minneapolis, MN 55434 USA
www.embedsys.com

Makers of low-cost development
systems and add-ons for (among
other things) Atmel AVR microcon-
trollers. Products include the AVR
Sprint 2313 development system,
AVR Sprint 2313 Basic starter kit, and
AVR Sprint 2313 microprocessor
module.

Gleason Research

PO. Box 1494

Concord, MA 01742-1464 USA

www.gleasonresearch.com
Gleason Research sells the MIT

Handy Board and Handy Cricket sin-

gle-board computers. The Handy

Board (see below) is a favorite at MIT,

and many university and college

robotics courses.

Industrologic, Inc.
3201 Highgate Ln.
St. Charles, MO 63301 USA
www.industrologic.com

Products include data acquisition
and control devices, operator inter-
faces, and single-board computers.

Kanda Systems Ltd.
PO. Box 200
Aberystwyth, SY23 2WD UK
www.kanda.com

Programmers for the following
microcontrollers and sub-systems,
including the 8051: Atmel AVR, CAN,
Internet/Ethernet, Scenix, ST7, and
Xicor.

Support for the Atmel AVR line is
a specialty. Also sells starter Kits,
microcontroller chips and develop-
ment boards, project boards, compil-
ers and programming software (for
both Basic and C), books, and PC
interfaces. Additional offices in the
United States.

Kevin Ross
PO.Box 1714
Duvall, WA 98019 USA
www.kevinro.com

Kevin Ross sells a whole mess of
BotBoard Plus  microcontroller
boards, and BotBoard interface prod-
ucts. Many of the boards are available
in parts kit or assembled form.

The BotBoard Plus uses a
Motorola 68HC11-based microcon-
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troller and provides various connec-
tors to attach robotic parts to it.
According to Kevin, "The BotBoard
Plus is widely used by universities and
hobbyists for learning and experimen-
tation. The members of the Seattle
Robotics Society have been using the
BotBoard design for several years."

Additional boards using other
models of Motorola microcontrollers,
such as the MC68HC912D60 and
MC68HC812A4, are available as well.
All are professionally produced, with
green solder mask and plated-
through-holes.

Kevin is also the editor of
Encoder, the official publication of
the Seattle Robotics Society
(www.seattlerobotics.org).

Kronos Robotics
PO. Box 4441
Leesburg, VA 20175 USA
www.kronosrobotics.com

Kronos has developed a line of
microcontrollers called the Dios,
where speed and low-cost are key fea-
tures. The Dios line also supports
code libraries of functions, which
allow you to readily program the chip
without having to re-invent the wheel.
Additional products include various
co-processor boards and adapter
modules.

microEngineering Labs, Inc.
Box 60039
Colorado Springs, CO 80960 USA
www.microengineeringlabs.com
microEngineering Labs makes
and sells development tools for the
Microchip PICmicro microcontrollers.
Some of their products:

. PicBasic =~ Compiler —
Compatible with the BASIC Stamp I,
adds [2C support, instructions to
access external serial EEPROMs, seri-
al speeds to 9600 baud, in-line
assembler code.

PicBasic Pro Compiler —
Compatible with the BASIC Stamp II,
adds 12C support, direct and library
routine access to any pin or register,
automatic page boundary handling
past 2K, real If..Then..Else..Endif
structures, built-in LCD support to
access more external devices includ-
ing serial EEPROMs.

. EPIC Plus PICmicro
Programmer — For Windows and
DOS compatible, capable of in-circuit
serial programming, parallel port
interface, and works with most
PICmicro microcontrollers.

+ LAB-X1 experimenter board —

Includes its own 20x2 LCD, 16-button
keypad, serial port with nine-pin D
connector, programmable oscillator,
speaker, and more. Also offered is the
LAB-X2 with less built-in hardware.

Microchip Technology
2355 W. Chandler Blvd.
Chandler, AZ 85224 USA
www.microchip.com

Microchip makes a broad line of
semiconductors, including the vener-
able PICmicro microcontrollers. Their
web site contains many datasheets
and application notes on using these
controllers, and you should be sure to
download and save them for study.

Micromint, Inc.
| 15 Timberlachen Cir. Ste. 2001
Lake Mary, FL 32746 USA
www.micromint.com

Micromint offers single-chip con-
trollers with built-in Basic interpreters,
stackable controller boards, PicStic
micro modules, miniature modems,
and more.

National Control Devices
PO. Box 455

Osceola, MO 64776 USA
www.controlanything.com

NCD offers microcontroller-
enabled products useful in robotics.
These include: A/D converters, char-
acter displays, graphic displays,
input/output devices, I/O expansion
modules, microcontrollers, motor
controllers, relay controllers, and seri-
al interface.

Many of the products are con-
nected to a host (microcontroller, PC,
etc.) via an addressable serial line,
meaning you connect several of them
on a single pair of wires, and talk to
each one using its unique identifica-
tion number. Up to 256 such devices
can share a single serial port.

The owner of NCD wrote several
articles for this magazine in 1998/99
describing practical uses for the prod-
ucts; the articles are reprinted for
your edification at the web site.

NetMedia, Inc./BasicX
10940 N. Stallard PI.
Tucson, AZ 85737 USA
www.basicx.com

NetMedia's BasicX family of rapid
development microcontrollers
includes the BasicX-1, BasicX-24, and
the BasicX-35, plus various develop-
ment boards and serial LCD modules.
The BasicX sports a Windows-based
Basic language development plat-
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form, and the BX-24 product has the
same form-factor and pinout as the
Parallax BASIC Stamp microcon-
troller.

New Micros, Inc.
1601 Chalk Hill Rd.
Dallas, TX 75212 USA
www.newmicros.com

New Micros, Inc., is a leading
manufacturer of single-board com-
puters (SBC), peripherals, and sup-
port electronics. The company spe-
cializes in embedded systems and,
particularly, the Motorola processor
line.

Robotics is singled out as an
ideal application for the company's
line of DSP-based microcontrollers.
As noted on their web site: "The
DSP803 Mini is the perfect board for
robotic applications. Small in size,
offering many features. NMIN-0803
Mini Features: Memory 32Kx16, pro-
gram Flash 512x16, program RAM
2Kx16, data RAM 4Kx16, data Flash
2Kx16, boot Flash, 10 1/O(s), eight
channel 12-bit A/D six PWMs, one
quadrature decoder, two timers, two
external interrupts, one serial com-
munication interface, CAN 2.0, A/B
JTAG, input power: 7 to 9V DC (3.3V
and 5V regulators on-board). With
LCD interfacing, and two LED indica-
tors."

Oricom Technologies
PO. Box 68
Boulder, CO 80306 USA
www.oricomtech.com

Oricom develops PIC and OOPic-
based robot controllers, as well as
"Bot-CoPs" — co-processors for off-
loading computation-intensive real-
time tasks from main controllers in
small robotic systems. Web site
includes experimental project info,
links, and articles.

Parallax, Inc.
599 Menlo Dr, Ste. 100
Rocklin, CA 95765 USA
www.parallax.com

The BASIC Stamp revolutionized
amateur robotics, yet the concept is
simple: take an eight-bit microcon-
troller, normally intended to be pro-
grammed in assembly language.
Instead of requiring folks to learn
assembly, embed within the micro-
controller a language interpreter, so
that it can be programmed in a sim-
pler language, namely Basic. The
BASIC Stamp is a PICmicro micro-
controller with such a language inter-
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preter. It also includes additional
basic components so that it is com-
pletely self-contained, and runs just
by applying power to it. A voltage
regulator, crystal, and additional
memory are mounted on the BASIC
Stamp chip, which is the same size
as a "fat" 24-pin integrated circuit.

While the BASIC Stamp is a
main product for Parallax, they rec-
ognize that robotics is a central area
of interest, so they also offer a num-
ber of robot-centric items, including
robot kits (GrowBot and BOE-Bot),
various sensor packages (line follow-
ing, compass, etc.), and develop-
ment boards. They also team up with
third-party companies to offer inte-
grated products, such as RF mod-
ules, video cameras, LCD panels,
and sound modules.

Rabbit Semiconductor
2932 Spafford St.
Davis, CA 95616 USA
www.rabbitsemiconductor.com
Rabbit makes a popular eight-bit
microcontroller and associated devel-
oper kits. The Rabbit system is
known for its speed (minimum CPd
speed is 20 MHz, compared to 1, 4,
or 8 MHz of most other microcon-
trollers). In addition to bare con-
trollers, the company also sells "core
modules" such as the RabbitCore
RCM2200 with Ethernet connectivity
built-in. Technical documentation
and other support documents (most
in Adobe Acrobat PDF format) are
available at the site.

Reynolds Electronics
3101 Eastridge Ln.
Canon City, CO 81212 USA
www.rentron.com

Rentron offers kits and ready-
made products for the electronics
enthusiast and robotmeister, includ-
ing PicBasic and PicBasic Pro com-
pilers, BASIC Stamp, Microchip
PICmicro, Intel 8051 microcon-
trollers, remote controls, tutorials,
projects, RF components, RF remote
control kits, and infrared kits and
components.

Robotics Building Blocks
2639 West Canyon
San Diego, CA 92123 9212 USA
www.rdk2001.com

RDK sells Atmel AVR microcon-
trollers and robotics kits (minibot,
Micro Mouse). The site provides use-
ful examples of using the AVR with
the BASCOM AVR Basic language

compiler.

Savage Innovations/OOPic
www.oopic.com

Manufacturer of the OOPic and
OOPic2, microcontrollers that offer
multi-tasking and built-in "objects"
that simplify programming. Many of
the objects are directly suitable for
robotics. Sold by distributors.

See also www.oopic2.com,
www.robotprojects.com.

Systronix
555 South 300 East
Salt Lake City, UT 84111 USA
www.systronix.com

Embedded control hardware,
software, enclosures, components,
etc. Java and non-Java systems
(such as JStamp), high-speed 8051s.

TECEL
216 34th St.
Ogden, UT 84401 USA
www.tecel.com

Microcontroller boards using
80C251, 80C552, 8051, and 68HC11
controllers. Compiler, assembler, and
loader software included upon pur-
chasing any of the microcontroller
boards.

Technological Arts
819-B Yonge St.
Toronto, ON M4W 2G9 Canada
www.technologicalarts.com
Technological Arts produces
postage-stamp size single-board
computers using the Motorola
68HC1x microcontrollers. A number
of  special-purpose application
boards are also offered, and many
are suitable for robotics. These
boards include:

+ Voice record/play

+ Display/keyboard

+ X-Y-Z stepper

+ X-Y stepper

- Data acquisition

+ Quad 12-bit DAC

+ 8-channel differential amplifier
+ CAN interface

+ Quad motor driver

The Handy Board
www.handyboard.com

The Handy Board uses a
Motorola 68HC11 microcontroller to
build a sophisticated robotics central
brain. The Handy Board is used in
many college and university robotics
courses (it was originally developed
at MIT), and is suitable for education,
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hobby, and industrial purposes. As
the web site says, "People use the
Handy Board to run robot design
courses and competitions at the uni-
versity- and high-school level, build
robots for fun, and control industrial
devices."

The features of the Handy Board
are:

» Motorola 68HC11 microcontroller

+ Two-Line LCD

+ Integrated 700mAh ni-cad
rechargeable battery (not
included in some versions)

+ Eight analog inputs

+ Nine digital inputs

+ Infrared output and input

« Start and stop buttons

+ Piezo buzzer

+ 32K battery-backed memory to
store programs

+ Four (1.1 amp) H-bridge motor
drivers (not included in some
versions)

« Serial (RS-232) and SPI interfaces

A great deal of documentation,
user-supplies programs, and other
material exists to support the Handy
Board. But one of the best is a book
by the Handy Board's creator, Fred
Martin. Check out Robotic
Explorations: A Hands-On
Introduction to Engineering (ISBN
0130895687).

Zorin Microcontroller
Products
[633 4th Avenue W.
Seattle, WA 98119 USA
www.zorinco.com

Makers and sellers of HCI11-
based embedded microcontroller sys-
tems. Products include: ModCon
Microcontroller — Modular Controller;
Digital Input and Event Processing
System — Take actions based on sen-
sors, push buttons and other inputs;
SPI-X10 Controller — Control lights
and household appliances; Audio
record/playback — Record and play
back up to 90 seconds of audio; MIDI
gizmo — An easy way to interface the
HC11 to MIDI. ™V

Gordon McComb is the author of the
best-selling Robot Builder's Bonanza and
the Robot Builder's Sourcebook, both
from Tab/McGraw-Hill. If you'd like to
suggest a topic or resource, please send
your comments to robots@
robotoid.com.
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Ivex Complete Electronic CAD
for Windows sets the stage for
your next big idea!

CAD Symbols

Ivex Complete Basic 650 has over 26,000

electronic symbols re ! Choose
fro f ors,

D i h fiers, Connectors,
L '

ices, and so much more. Plus, you
can create your own symbols and store them in

your own libraries.

Support on the Web

Ivex supports you with 24 hour technical

Vm_

dist e‘p al
qltt)m di you'll be
browsing the knowledge of our

support available wi

support staff from hundreds of
questions asked by real
customers.

DESIGN
INTERNATIONAL

Ivex Design International, Inc.

P.O. Box 7156
Beaverton, OR 97007 USA

.com/basicés0

J/www.ivex

http

sales®ivex.com
Tel: 503-531-3555
ADV 11
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Everything For Hectronics
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Electronics Q& A

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

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

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

What's Up:

Several readers have very
good thoughts and ideas that
add to my response about
CATV cabling before
plastering the walls. Into
vintage tube radios? Here are
two common fixes. A couple
of minor circuits dealing with
lamps and audio signals, and a
family of low-voltage audio
power amplifier ICs.

28

PWM Fine Tuning

[ want to control the speed of a
C brush motor (rated 12 volts at
one amp) using PWM with an FET as
the power driver. At the present time,
I plan to use a 1-kHz signal with a 30%
to 60% duty cycle (300 uS-600 uS
with a 1 mS period) to control the
motor's speed. My question: How do |
determine the optimum frequency of
the PWM? Would it be better to oper-
ate the PWM at 3 kHz? And, if so, why
would it be better: efficiency, power
dissipation, power consumption?

Anonymous
via Internet

The ideal PWM controller com-
ines high-speed power
MOSFETs with low-switching frequen-
cies to achieve extremely high effi-
ciency in a very small package. The
reason for this seemingly contradicto-
ry arrangement is to minimize the
amount of time the power transistor
spends in the active region. When a
MOSFET is switched from off to on,
the transistor doesn't respond instant-
ly. It takes time to make the transition,
during which the transistor wastes
power and dissipates heat. This
region is highlighted in red in Figure
i

The less time spent in the regions
of tr and tf (the red areas), the more
efficient the controller. These times
are a function of the MOSFET itself,
and are specified in nanoseconds on

Figure |

tr tf

Typical Switching Waveform

oA r————

the datasheet. As for the slower repe-
tition rate, the fewer times the MOS-
FET has to make these transitions,
the fewer watts wasted as heat and
the more efficient the controller. Of
course, the repetition rate has to be
high enough that the motor response
time doesn't mimic a battleship in a
U-turn.

That said, what is an optimal
PWM frequency? It depends on the
motor, the starting load, and a lot
more. Most commercial PWM con-
trollers for DC motors, of about 1/10
HP and thereabouts, run between 5
kHz and 15 kHz.

Hands-On Resistance
Calculator

% I have a jukebox with many
%small bulbs — each receiving
about 7.8 volts — that are starting to
burn out simply because of old age. A
cheaper alternative to replacing them
is string "Christmas" lights, which are
rated at 3.5 volts each. What size
resistor do [ need to make the voltage
get closer?
Tim Fitzpatrick
via Internet

f‘;«e . I love old jukeboxes and until
ﬁ%srecently, had one in my den from
the 50s, so | know the problem with
replacement bulbs. The way to deter-
mine the correct resistance is to put a
100-ohm pot in series with the
Christmas lights, wired as shown in
Figure 2. Set the pot to maximum
resistance and adjust it down until the
voltage across the lamp reads 3.5
volts. Remove the pot and measure
its resistance. That's the value of the
fixed resistor you want. Don't worry if
the resistance falls between standard
values. Simply use a fixed resistor
with a value that's close enough. For
example, if the potentiometer's resist-
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Figure 2

I

Common

ance is 66 ohms, use a 68-ohm 1/4-
watt fixed resistor.

If you have room for them, I'd put
two Christmas lamps in series,
instead of using the voltage-dropping
resistor. Instead of dissipating the
power as heat alone, it becomes
added light.

Audio Signal
Indicator

| need a circuit to monitor nine

»¢, low-level audio signals with nine
LEDs. For example, when there is a
signal on input one, LED #1 lights up,
when there is a signal on input two,
LED #2 lights up, and so on.

Joe
via Internet

A simple way to do this is with
#"%a comparator, like the LM339
(Figure 3). The audio is rectified, fil-
tered, and input to the inverting input
of the comparator. A 1M feedback
resistor introduces a small amount of
hysteresis and prevents oscillation.
The reference voltage is approximate-
ly 0.5 volts. When the audio level
exceeds 0.8 volts (a typical preamp
audio level), the LED lights. Because
of space limitations, I've only drawn
two channels. Simply duplicate the
circuit to increase the channel count.

el
| Audio In f%)

+12V

Figure 3
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oscilloscopes alone,
many selling for under
$100.00.

Motorboating
Radio

I have an old
Minerva radio — at
least that's what it says
on the little plate just
below what used to be a
glass dial that runs

across the top of the
radio.
[ would like to get

| personally prefer working with

PIC chips, which have the same
scope requirement: 20 MHz or better
bandwidth and a vertical sensitivity of
5 mV. A built-in frequency counter is
helpful, but not mandatory. For most
of my work, | use the o0sziFOX, a
handheld PC-based scope about the
size of a conventional test probe.
Unfortunately, it's only sensitive down
to about 250 mV. Which is why | have
a JDR Instruments model 2000
bench oscilloscope — that | bought on
an eBay auction for $56.00 — for
more serious work. In fact, eBay is a
good source of used electronic test

this up and running, but
have no schematic or even a model
number to give you. It is a tube-type
radio with six tubes and two rectangu-
lar cans mounted on the chassis. The
front of the radio has three knobs: it
appears that one is for on/off/volume
and one is for tuning. The third, | don't
know what it does. I'm able to get the
filaments to light, but instead of
music, | get a loud hum. | am sure
that the capacitors are dried out and
need to be replaced. Any help you
can provide about this relic would be
appreciated.

Ifostano
via Internet

88HC11 Mlnronnntrnllar

tdmicro spy satellite

Got a brilliant idea for a
Handheld X-ray Tmager?

« harness the power of the world's most popular 8-bit
microcontrolier in your own projects!

- easy-to-use Windows interface for fast loading via
your PC's serial port

« control LEDs, speakers, lights, relays, motors, LCDs,
servos, and much more with your own easy-to-write
programs

SuPer scope Buys How about a

I am a hobbyist with an interest COLONY OF ROBOTIC ANTS?
’ “we.in BASIC Stamp projects. | would
appreciate your recommendation for
an oscilloscope that would fit these
projects. Price is important to me, so
if you could direct me towards used environment included with Starter Package! ‘
equipment, all the better. toll-free USA and Canada - Starter Packages’ from $49 |

Patrick McDowell ‘ 1-877-963-8996 WWW. technologicalarts.com ‘

via Internet \ * RS$232 Docking Module, serial cable, manual, and software disk included in Starter Packages

|
= “plug right in” to any solderiess breadhoard [with |
included adapter), so you can try out your ideas fast! I
« re-programmable in-circuit thousands of times! |
= your program stays insitde MicroStamp11™ until you

replace it- even with no power applied! }
« runs on standard alkaline or NiCd batteries for hours,

or use a DC adapter

« tiny stamp-size 1.4 inch x 1.0 inch module

« demo of powerful new XPad visual programming

Or maybe you just want to
FLASH SOME LIGHTS.

Whatever your application...
“MicroStamp” it!
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/4 . It sounds like your antique is a |

#Wtypical AC/DC, superhet radio
from the post WWII era. You can
identify this breed by looking at the
tube numbers, which should include
a 35W4 and a 50C5. And you are
quite right about the hum: the elec-
trolytics are bad. However, the rec-
tangular cans you see on top of the
chassis are not electrolytics, but
instead IF transformers. If you turn
the chassis over, you'll probably find
a paper electrolytic riveted to the
chassis via a metal band. It may be a
two- or three-section device (it con-
tains more than one capacitor),
which can be replaced with single
electrolytics. However, you need to
replace all the sections, even if only
one is bad, because they share some
parts in common and there is a good
likelihood that the other sections will
fail soon. The values typically range
from 30uF to 80uF at 150 volts.
However, finding an exact replace-
ment isn't necessary. Any capaci-
tance of equal or slightly larger value
will work. Same for the voltage —
equal or higher. Be sure to observe
polarity and dress the leads with
shrink tubing. A good source of tube-
type replacement capacitors is Just
Radios at www.justradios
.com/capkits.html. By the way,
your mystery knob is a tone control.

Not Just For Looks

I have an old AA5 (All
QAmerican Five) radio that keeps
burning out the 35W4. Each replace-
ment lasts for three months or less,
and they aren't cheap. | don't have
this problem with the other tubes in
the set, so | assume there is some-
thing in the circuit causing this. Any
ideas?

Jerry
via Internet

. It's not something in the circuit
#"Wcausing the problem, but the
lack of something. Specifically, the
pilot lamp used to illuminate the tun-
ing dial. To eliminate the power trans-
former previously used in tube
radios, the filaments of the AC/DC
sets are wired in series where the
voltages of the filaments add up to
about 112 volts. In the circuit shown

30

Figure 4
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in Figure 4, one side of the filament
string connects to the circuit com-
mon which is the line running across
the bottom edge of the diagram.

The other side of the heater
string (the 35W4 filament) goes
through a switch to the high side of
the AC line. The #47 dial light also
comes from this point to a tap on the
35W4's filament. By itself, the tap
won't provide the 150 mA required to
light the lamp, so the plate connects
to the tap and adds its current to the
mix. If the dial lamp burns out,
though, the plate current now flows
through the filament (about double
its rated current), causing it to over-
heat and quickly burn out. The same
arrangement is used with 35Z5 recti-
fier tubes found in older versions of
the AA5. The solution to your dilem-
ma? Immediately replace the $0.50
lamp if it burns out, or be prepared to
keep shelling out $6.50 for rectifier
tubes.

12-Volt Hum Filter

h. | would like to build a filter or
.some other type of circuit that
would remove the AC power hum
from the charging/power circuit of a
travel trailer power system. The travel
trailer is used as a full-time home.

]

The hum is affecting the 12-volt DC |

car radio/tape player. | have tried
several store-bought filters, but none
have even made a dent in removing

checked all the ground connections
for a ground loop that will cause
what you describe. Ground loops are
created when there's a resistance
between two common ground points,
like the stereo's case and the speak-
ers. That said, let's see what | can do
for you. Since brute force isn't doing
the job, let's see if a little finesse will
work. | suggest trying a fast transient
response, low-dropout  (LDO)
regulator, like the LT1764 (available
from  Digi-Key:  800-344-4539;
www.digikey.com), to remove the
ripple. The circuit I've devised in
Figure 5 supplies three amps of cur-
rent with good ripple rejection up to
10 kHz.

In an effort to remove as much of
the gross ripple as possible, and
increase the IC's ripple rejection, an
LC low-pass filter is placed in series
with the 12-volt line ahead of the reg-
ulator. The 22-uF output cap is criti-
cal to performance, which means it
should be tantalum instead of alu-
minum or ceramic. As always, pay
attention to lead dressing, making
sure the wire gauge is large enough
to handle the current with little loss
and that the splices are tight and
clean. Hope this helps.

Increasing Speaker
Volume

| have a sound chip that drives
an eight-ohm speaker through a

the hum. Do you

have some type of 100uH

circuit diagram |+13.2V
that will do the
trick?

Kenny
via Internet

assume
have

; Figure 5

II 000uF
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MAILBAG
Dear TJ:

Concerning the
"Wire  Before You
Plaster" answer in the
Mar. '03 issue, my only
suggestion would be to
use the latest cable you
can find, such as quad-
shielded RG6. This
would reduce loss and
allow you to be ready
for digital and HDTV —
or whatever the newest
craze becomes. As far
as cabling for the tele-
phone circuits, | would
suggest CATSE or
CAT6 cable, again to

Figure 6

BC547 transistor. | want to increase
the volume from the speaker. The
speaker is connected to the collector
via a three-volt supply, the base is
driven by the sound chip, and the
emitter is connected to ground. | have
tried to use an LM386N to amplify the
signal from the collector, but have not
been successful. Is there a simple cir-
cuit | can use?
Ed Larson
Truckee, CA

. You have the right idea, but the
rong part. The voltage range of
the LM386N is 5V to 18V, which
means it won't run off a three-volt
source. A better power amp for your
application is the LM4861, which sells
for $1.74 from Digi-Key. The LM4861
is a member of the Boomer power
amp series from National
Semiconductor with an operating
voltage range of 2V to 5.5V. With an
eight-ohm speaker, the output power
is about 1/4 watt (Figure 6).
Substituting a four-ohm speaker will
boost that figure to about a half watt;
increasing the operating voltage to
five volts doubles the output to 1.1
watts.

The gain of the amplifier is con-
trolled by Rf. With the values shown,
the gain is 20, which | assume is what
you need for your project. If that's too
little or too much gain, you can adjust
the value of Rf up or down, respective-
ly. Notice that the original speaker
has been replaced with a 10-ohm
fixed resistor.

MAY 2003

keep up with whatever
may come out in the future. It is far
easier to do the job when exposed
than to try and retrofit later. A good
site for information on residential
wiring is www.bicsi.org.
Tom Martin
BICSI Certified Instructor

Dear TJ:

| am a service technician in the
cable television industry, and I
noticed some things about your
response to a reader question in the
Mar. '03 issue that I feel you left out.
As you stated, cable loss is very
important, but | would like to add a
few thoughts to yours.

First, with the new age of broad-
band and cable Internet and telepho-
ny, these services utilize a return path
back to the cable company. The
return path of the signal is important
for broadband services like Pay Per
View. Any splitters or amplifiers that
are added should be able to pass the
return signal back to the head end of
the cable company. Not all of them
will.

As far as cabling goes, the com-
mon practice now is to have each wall
outlet return to a central location with
a cable of its own (home run). This
eliminates the possibility of a failure
of one of the passive devices, a time-
ly and costly troubleshooting/repair
procedure. The cable should be alu-
minum shielded RG6/U. Also the fit-
tings and connections have become
very important due to the high fre-
quencies. Most cable television sys-

TestNTools -~

Order online @ www.testntools.com

Proud Distributors of High Quality Sun
Equipment Corporation and Instek Products.
Guaranteed Lowest Prices on all Electronic,
Electrical, Automotive, Mechanical, and
Computer Test & Measuring Equipment.

DCV/ACV: 10007750V, DCA/ACA: 10A
Frequency:10 MHz, hFE istance: 20M [ SUNwien
DMM-1220: Battery test, Continutiy, $44.95
DMM-1230: Capacitance, Data Hold, $54.95
DMM-1240: Battery, Cap, Logic Test, $64.95
DMM.-1250: Batt. Cap, Temperature, $84.95
DCV/ACV: 1000/750V, DCAZ/ACA: 10A BM nsTex’
Resistance, Capacitance/Frequency (354A & 393A)
GDM-354A: Inductance. Temp, Logic Test, $70
GDM-393A: Inductance, hFE, Duty Cycle, $96
RS GDM-450A: hIFE, Diode & Continuity Test, $113

SG—QIGOB lrmqux ney: 100K ~ 150MHz g,a,
RF Output: 100mVrms, $119 SUN..

GRG-450B: Frequency: 100K ~ [150MHz
i Int. AM Modulation: 1KHz, Ext. AM
ok - Modulation: 50Hz ~ 20K Hz, $195 8 insrex’

IC Testers: Displays 16 charactel
Average Search Time: 0.8 seconds  §py,..
14 ~ 24 pins (DIC-17001, Digital $209.95)
8 ~16 pins (LIC-17002, Linear $579.95) i
EPROM Programmer: EDP-17003C, $249.95
Stand-alone mode, and PC based mode §py,,
Operations: type/ check/ read/ verify/ disk/ ht lp/ pm(‘v«
ROM Programmer: UDP-17010, $659.95 SUN
Supported Devices: (E)EPROM, PAL, Serial EEPROM
GAL, BPROM, PEEL, EPLD. EEPLD, MACH. ROM
MAX, ISPLSI, IX 74/54, COMS 40/ 45, DRAM, SRAM
EPROM Eraser: ERE-WIZXA, 5119 95
Capacity: 12 pes: .
U-V tube: GL-4; '/ SUN,.
Tube life: 3000 hrs;
Wavelenb\h' 2537°A

FG—2100A 5159 95, Freq. Range: 0.2Hz~2MH:
FG-22030: $185.00. Freq. Range: 0.5Hz~3MHz, Analog
FG-2102AD: $229.95. Freq. Range: 0.2Hz~2MHz, TTL/CMOS
FG-22032: $315.00, Freq. Range: 0.5Hz~3MHz, Counter
FG-2103: $329.95. Freq. Range: 0.5Hz~5MHz, Counter
FG-9806: $519.95, I'req. Range: 2Hz~6MHz, Counter
FG-9813: $769.95. Frea. Range: 2Hz~13MHz, Counter

..

GFG-8020H: $182, Ireq. Range: 0.2H
GFG-8216A: $207, I'req. Range: 0.9
GFG-8250A: $235, I'req. Range: ¥
GFG-8217A: $236. I'req. Range: 0.3 z, Counter
GFG-8219A: $289, I'req. Range: 0. )H/~J\1HA Counter
GFG-8210: $324, Freq. Range: 0.1 Hz~10MHz, Counter
GFG-8255A: $333, Freq. Range: 0.5Hz~5MHz, Counter, GCV

2z, (. ounter

SUN .
05-45200: $269.95. 20MHz
08-22250: $315.00, 25MHz
08-45400: $399.95. 10MHz
08-22400: $469.95, 10MHz
08-22600: $679.00. 60MHz
OS-221000 $849.95, 100MHz

W insTed
GOS-620: $295.00. 20M Hz
GOS-635G: $394.00, 35MHz
GOS-653G: $665.00, 50MHz

HP-2060: $15.00, YMHz

HP-9060: $15.00, (10:1) 60MHz, (1:1) 6MHz
HP-2100: $20.00, (10:1) 100Mhz, (1:1) I5MHz
HP-9100: $20.00, (10:1) 10MHz, (1:1) 6MHz
HP-9250: $29.00, (10:1) 250Mhz, (1:1)6MHz

HP-9258: $39.00, (100:1) 250MHz SUN
UL 5

1.5 ~ 250 MHz; 6 bands; 6 plug-in coils; One diode
& 2 transistors; Crystal Osdillator: 1~15MHz  §pN

¢ 2 wansistors; Crystal Oscillator: 1~15MHz ,
Modulation: 2 KHz sinewave. DM-4061: $89.95
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tems have digital and analog televi-
sion signals, which have gotten up to
just around 900 MHz. The higher the
frequency, the more critical the issues
| mentioned become.
Randy Rains
Tacoma, WA

Dear TJ:

| read your response to the ques-
tion regarding wiring a house for TV
service in the Mar. '03 issue. Permit
me to make a few observations.

The initial question used the term
"coupler" to describe the device that
divides one incoming signal into mul-
tiple output signals. You used the
term "splitter." There are two types of
devices that can be used here: split-
ters and directional couplers. A direc-
tional coupler style splitting arrange-
ment is preferred (in my very humble
opinion) for the reason that it pro-
vides much higher isolation between
each output. Very important, espe-
cially in an environment where multi-
ple TVs will be on at the same time.

Another issue is proper termina-

Cool Web Sites

The BIOS keeps track of the most inte-
gral PC system settings, and serves as a
sort of preflight check when you first
boot. This article explains how to
optimize your BIOS.
www.cpuplanet.com/features/
article.php/1570371

Whatever Visual Basic programming
experience you may have, learning about
ActiveX could improve your career, your

bank balance, and your love life.
www.developer.com/net/vb/
article.php/1539541
www.webreference.com/program
ming/activex.html

tion of each feed. If you take a piece
of coaxial cable, connect one end to a
splitter output, and leave the opposite
end unterminated, you have created a
fairly hefty shunt capacitance across
the line. Using simple splitters, this
will cause problems for the entire sys-
tem. And if the cable length happens
to be just right, there will also be

A definite trend in the electronics of
today and of the future is interconnectivi-
ty. Not all communication needs are
complex, explains Robert Ashby. A must
for engineering and programming
students.
chipcenter.com/eexpert/rashby/ras
hby070.html

Are you just getting into SPICE simulation
of analog circuits, or are you an old hand
at it? Check out this site for both
introductory tutorials, as well as
advanced pointers.
http://email.e-insite.com/cgi-bin2/
flo/y/leLJHOEijlq0DaS0Bul COAI

reflections (or ghosts) that show up
on the other sets on the unterminated
line. A directional coupler will help
minimize these types of losses.

The trade-off is that directional
couplers cost more than simple split-
ters and they have higher losses.

Jerry McCarty
via Internet

ORDERS. 800.810.4070
Tech 603.668.2499

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

Black and white, state of the Art Video, Our GMV-EX-6K, Takes the
Prize. For covert, military & scientific applications, this is it
Unbelievable 0.00005Lux @ 0.8 performance is enhanced through
low speed electronic shuttering, digital frame integration and
advanced DSP. Auto sensitivity mode starts as it becomes dark. 24

Fax/603.6494K
300 Bedford

Py ALt v

/ / / il

. 78285,

hour surveillance is possible with the optional f1.2 auto iris lens shown
below. Seven Gain/Shutter modes are user selectable. Normal, X4, X8, X16,
X24, X32, X64 X128. Frame rates of 60, 15, 8, 4, 3, 2,1 and 0.5 per second. Auto/off

BLC, S/N >52dB, Mirror on/off, Gain on/off, auto electronic shutter 1760 to 1/120,000 sec.,
Alum. housing, dual 1/4x20 mtg.-Specs: 1/2" CCD, 768(H) X 494(V|, with 380K pixels, 12VDC
+1V@200mA, S-VIDEO on 4pin DIN connector. Std. video out on BNC. Size: 5Imm x 51mm x115mm long.
Regulated power supply incl. All functions externally controlled. C-mount lens not included

GMV-EX6K......$529 Super, 6mm, §1.2 Manual Iris Lens......$69

01

q

WWW.RESUNLTD4U.COM

NEW, ULTRA LONG RANGE, 2.4GHz 500mW Video/Auvdio MINI-TRANSMITTER
with EXTERNAL ANTENNA RECEIVER, Provides FOUR user selectable channels.
YAGI or PARABOLIC ANTENNA INCLUDED! simply connect ANY standard
NTSC VIDEO fo the self contained, 500mW, mini (3' x 2.5" x 0.75") transmitter.
Omnidirectional patch antenna included inside transmitter. Now you can
transmit up to several miles clear line of sight! Using the companion, externol
antenna receiver is a simple connection to the aftached 36" long cable, terminated in @ male
N connector. Receivers video output works with any TV or VCR. Receiver is powered by 12DC @300mA.
Receiver size is: 6"L x 3"W x 1.5"H, The transmitter is powered by 5VDC @ 450mA. (all AC power supplies &
cables included). Choose your choice of a 14dB YAGI antenna or a 24dB Parabolic antenna. (see antennas at

AST-LR-YAGL.....$329 set. AST-LR-PARABOLIC.....$369 set.

W/

(NOW, EVEN MORE, POWER to SPARE!
FANTASTIC, 12 VOLT, 27 Amp Hour,
YUASA, NP26-12B, SEALED RECHARGE-
ABLE BATTERY.
We carefully removed these,
sealed lead acid batteries from
unused 4 battery “frays" infended
as part of a power backup

and made in USA! Regular price
of this battery is about $90ea
Now is your chance to perk up
those heavy duty power projects. Perfect for powering
battle bots, telescopes or as part of a solar power
system. Even your fish finder, underwater camera or
smaller trolling motor. The size is @ manageable 6 5/
8"W x 7°H x 5D, weight is 23 Ibs. Heavy duty, lead
connections with 6mm bolt holes. Use two in parallel

for 54Ah! YUASA-1227..$35ea. 2 for $59

system. They are in mint condition

\(NEW, SECURITY MONITOR

9”, HIGH RESOLUTION
Commercial quality, Hi-resolution Black &
White monitor. Brand new, 90 day warranty.
BNC video
in and loop
through.
Rugged
black steel
case. 1000
line
resolution
You will be
amazed at
how much
better this monitor will make your video look!
There is no substitute for a real monitor.

MAY SPECIAL,

LBWMONITOR-9HR ...... $89 ea.

N (-

REVERSIBLE, HIGH TORQUE
AC GEARMOTOR
ORIENTAL MOTOR
2RK6GN/2GN15KA
A super nice, matched, 4
1450 RPM, 1/125HP
motor & 15:1 gearbox
provide 100rpm at the
0.3" diam. x 1.1"L out-
put shaft, Shaft rota-
tion is the same as the
motor shaft. Instantly
reversible capacitor start
motor. (Cap. supplied)
operates from 115VAC @
0.19A. Torque is 4.4Lb in =
Regular $135 each. Limited quantity. Overall
sizeis: 2.4" X 2.4" x 4.25"Long. Weight 1.5lbs

OM-2GN15K......$24 or 3 for $59
J

HIGH TORQUE, MICRO-MO
DC GEARMOTOR, with 76:1
Gearbox & Magnetic Encoder!
NEW! Coreless DC-Micromotor with
precious metal commutation with a
low inductance, ironless rotor coil.
Efficiency is increased by the
elimination of hysteresis & core (iron)
losses. Extremely light rotor & has low
inertia & no cogging as with
conventional DC motors. Specs
16mm Diam. x 28.6mm L, 6mm L x
1.5mmD shaft. 16ppr, magnetic, 2
chan. encoder. Spur gearbox with
metal gears and ceramic output
bearing. Motor weight is 0.350z. Gearbox weight is
0.140z. Operating voltage: 2-6VDC, NL current: 8-
14mA. Two mtg. screws. A rare find. Don't miss out.

MICRO-MO-761....... $19ea. or 4 for $59
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¢ Quickly Learn Electronics on the Job or at Home.

« Videos Provided Show Analogies for Electronic Components.
« Calculators that Eliminate Mathematics on Every Experiment.
« Oscilloscope and Spectrum Analyzer on CD.

* Over 500 Experiments Provided on CD.

Over 150 Parts Included |
for More Than 500

* Money Back Guarantee.

It's Portable!

8 Tri-Level LED
Logic Indicators

Magnetic
Storage Area

Autoranging
Digital Meter for
Voltage, Current,
Resistance,
Frequency, and
Capacitance

Serial Computer
Interface

AC Adaptor

8Q Speaker and

Earphone Jack
8 Data Switches

Power Supply

Input
Battery Pack s

Two 7-Segment

Six Parts LED Displays for
Storage Areas Digital Readouts
Frequency
Generator
Sockets for 0.1Hz to 1MHz
8 to 24-Pin in 3 Ranges
Integrated Trainer & Parts
Circuits $399.00
Software

Magnetic Sockets
Hold Components
on Conductive Paths Sl o
Using Patented Process Circuit Sheet Printed Steel Tabs and Sheet

for Fast Assembly on Your Printer Attracts Magnetic Holders

Introductory Offer

TOTAL
$399.%

+ Tax & Shipping Charges |

ORDER AT: emailschool.com or BY PHONE: CALL C&S SALES at 1.800.292.7711

Patent # 6,449,167 other patents pending Circle #76 on the Reader Service Card.
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New Product News

NEW LCD TV KIT, COMPLETE
WITH TUNER AND SPEAKERS
IDEAL FOR EMBEDDED VIDEO
SOLUTIONS

Earth Computer Technologies
announces a new addition to its
lineup of video-compatible LCD kits.
The new 12.1” LCD TV kit fills the
need for smaller displays required

applications,
biles, recreational vehicles, sur-_
veillance, and museums.

Optimized for full-motion video, this super-thin
display combines high resolution, a crisp image, and
robust audio quality in a turnkey LCD kit. The SK-3006 kit
consists of multiple options for input, XGA, composite, S-
video, and NTSC. This combination of connections allows
a user to connect a computer, cable, satellite, or DVD
player, then choose the desired input through the remote
control. The remote control adjustments include channel
up/down, volume up/down, mute, sleep mode, input
selection, and many more options.

“By foregoing the traditional enclosure on the LCD TV
and offering it as a kit instead, it opens up a whole new set
of options to suit just about any embedded video
application,” says Steve Cipolla, General Manager of
Earth Computer. For additional information, contact
Jennifer Coleman at 949-248-2333 extension 223.

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

Circle #36 on the Reader Service Card.

NEW DIGITAL BENCH METER
MODEL M-5500

lenco’s
Bench Meter
5500 (M-5500-R) is a
meter that can be used
on the bench or in the
field by technicians and

Digital

students.

This is a true RMS for interpretation of AC
voltage/current waveforms. The backlighted LCD display
allows viewing in low-ambient light levels.

Model M-5500 features: Large digital display 3-3/4
(3,999) count, 42-segment display; Auto/manual ranging
method; Storage data display recall; Data hold
maximum/minimum; True RMS for AC voltage/current;
Continuity test (audible); Backlighted display; Portable or
bench with pop-up stand, carrying strap included;
Compartment to store test leads or other accessories.

34

in consumer and professional
including automo- |

M. 8

Optional power: operates on 120 VAC or DC (nine-volt
battery or six AA batteries) not included.
For additional information, contact:

ELENCO ELECTRONICS, INC.
|50 W. Carpenter Ave. Wheeling, IL 60090
847-541-3800 Fax 847-520-0085
Web: www.elenco.com
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B NEW! HIGH-TECH
|l SPY-TECH SPY
. TRACKER

ever get caught!
Leave no trace!
Detect intruders any-
where! This extreme
| surveillance Spy
Tracker System
s comes with three sen-
sors and a base station/receiv-
er. Sensors can be placed anywhere, have a transmission
range of 75 feet, and even work through walls! The base
station offers visual and audible warning signals and a
markable map-grid that allows you to plot out surveillance
parameters with the included dry-erase marker.
Everything stores neatly in one compact and highly
mobile carrying case. The Spy Tracker requires eight 'AA'
batteries (not included).
Spy Tracker #30818-96 is available for $26.95.
For more information visit our web site at
www.ScientificsOnline.com.

SCIENTIFICS®
Dept. A031-C999, 60 Pearce Ave.
Tonawanda, NY 14150-671 |
Tel: 716-874-9091, 1-800-728-6999
Fax: 1-800-828-3299
Web: www.ScientificsOnline.com

Circle #38 on the Reader Service Card.

DATABOY

Micro Contraptions announces DataBoy,
a low-cost RS-232 serial comm data
scope (protocol analyzer) cartridge that runs
on a Game Boy.

DataBoy can capture and display two
channels of asynchronous serial data (RXD
and TXD). In a typical application, it might
be used to troubleshoot serial
communication problems between a PC and
a serial device such as an external modem or a plotter.

Some of the features are listed below:

nan —
| Gl

+ Selectable serial comm parameters.

+ Capture/display RXD and TXD data.
« ASCII and hex display modes.

+ Review captured data in freeze mode.
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+ Send captured data to a PC or serial printer.
- Send a message to test a receiving device.

+ Selectively assert DTR, DSR, CTS, and RTS.
+ Help screens.

Its small size and rugged construction makes DataBoy

suitable as a field service tool while its low cost is
affordable to hobbyists.

The price of a DataBoy cartridge plus RS-232 cable is
$149.00.

For more information and an interactive Java test
drive, visit the DataBoy website.

MICRO CONTRAPTIONS, INC.
1319 Cleveland St. Evanston, IL 60202
847-733-1311
Email: Ytaraki@lycos.com
Web: www.databoy.netfirms.com

Circle #39 on the Reader Service Card.

COMPACT VGA VIDEO SWITCH
BOASTS RS-232, AUTOMATIC,
AND MANUAL CONTROL OF
SWITCHING

all Research |

Technologies (HRT)

introduces the Model VS-
A 2 VGA Video Switch |

.. designed to select one of
two video sources to be
displayed on one monitor.

image quality. The fully solid-state
switch terminates both input signals and

features amplified output with a bandwidth of
250 MHz for a perfect image even at 150 feet.

The Model VS-2 can be controlled in many ways:
manual, RS-232 serial port, discrete input, or set to “auto
mode” to detect and switch to the input with active video
automatically.

The device is housed in a small RFI shielded enclosure
and includes a push-button control cable, as well as a serial
(RS-232) control cable. Other features include: ability to

The VS-2 supports resolutions |
up to 1600 x 1200 with exceptional |

blank the output, infinite switching life cycle, low cost, and |
easy integration with automated or touch-screen A/V |

control systems.

The VS-2 measures 4” x 3” x1” and weighs about one |
pound. The unit comes complete with control cables and |

power supply and is priced at $179.00 list.
For additional information, contact:

HALL RESEARCH TECHNOLOGIES, INC.
Marge Bitetti 1-800-959-6439
3613 W. MacArthur Blvd., Suite 612
Santa Ana, CA 92704
Ph: 714=-641=-6607 Fax: 714-641-6698
Web: www.hallresearch.com

Circle #40 on the Reader Service Card.
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Be an FCC
LICENSED

ELECTRONIC TECHNICIAN

Learn at home in your
spare time. .

— Earnup to \
$100 an hour <

and more! X

You can earn more money
if you get an FCC License!

Not satisfied with your present income?
Add prestige and earning power to your

electronics career by getting your FCC
Govern| Circle #80 on the Reader Service Card.

The Original Home-Study course pre-
pares you for the “FCC Commercial
Radiotelephone License” at home in your
spare time.

This valuable license is your professional
“ticket” to thousands J exciting jobs in:
Communications, Radio-TV, Microwave,
Maritime, Radar, Avionics & more...you
can even start your own business!

No need to quit r ur job or go to school.
This proven “self-study” course is easy,
fast and low cosf'

Call for FREE facts now!

(800) 932' 4268 Ext. 220

www.licenseTraining.com

COMMAND PRODUCTIONS

orm
FCC LICENSE TRAINING - Dept. 220 ‘Ollp::n,
P.0. Box 3000 e Sausalito, CA 94966 today

Name

Address
City State Zip

r
1
1
|
: Please rush FREE details immediately!
I
|
I
1
Ex

Circle #81 on the Reader Service Card.

GUARANTEED TO PASS — You get your
FCC License or your money will be refunded.

No previous experience needed!

b |
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Réader Feedback

Continued from Page 6

months before Popular Electronics published Ed Roberts' |
article on the Altair, and so it is good to see that Jon has
corrected the historical record. The 8080 in the Altair, of
course, did for the 8008 the same as the 8088 would later
do for the 8080; the upshot being that down here where us
peons work, it's a real treadmill.
Jack Dennon
Warrenton, OR

Dear Nuts & Volts:

| really enjoyed the article “Random Number Device —

Part 1,” because of my interest in codes. | am looking

forward to Part 2. As this article is somewhat esoteric,

perhaps you would consider an article on Prime Numbers
along with BASIC programs to find these numbers.

Stuart B. Wahlberg

Blythe, CA

NUTS & Vours

Tools for the Imagination
' X Micro Modules )*

-
>

With dozens of embedded
controllers and countless
AR configurations, we can help
you turn your imagination into reality.
For a complete look at our product line,
visit our website at www.micromint.com.

- N -
MICIment
(800)635-3355

Circle #128 on the Reader Service Card.

* Easy-to-use USB
* Everything included

www.micromint.com

* Built-in screw terminals

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

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

Dear Nuts & Volts:

| was a subscriber to
Popular Electronics and
Radio Electronics and |
have issues back to the 60s.
| used to pick up Nuts &
Volts when [ lived in
California. | just got my
second copy today and | am
impressed, you've come a
long way. | hope you will be
around for a long time.
Francis E. Wissler
via Internet

LabJack
Uu12

Available now for only ...

$119 gty 1
($95 qty 10+)

USB Data Acquisition
& Control

* 12-bit analog inputs (8)

Dear Nuts & Volts:
I just wanted you to

* 10-bit analog outputs (2)

* 20 digital 110 know : how much ’l

* 32-bit counter appreciated Ray Green’s
article on serial port

utilization in the April NV.
When my copy arrived,
we spent the class period
using it as the perfect
example of what we've been
studying in my Architecture

AMAZING oevices

LASER BOUNCE LISTENER

Powerful listening system, yet simple in operation. You shine a laser
ata window and intercept the reflected beam with our ultrasensitive
filtered optical receiver. Vibrations on the window from internal
ssounds and voices are now clearly heard. Range can be up to several
hhundred meters depending on leser power and optics used.

LWBS Plans for 3 Laser Window Bounce Systems. ....520.00 [ Blades screw into handie for easy replacement
We stock all size and color blades, mauleradapters, tubes
LWBSK Kit of 100’ visible red for Science Project ..................$129.95 [ digital drivers, and parts for authentic designs. Wireless

sound change tone with motion
SAB15 Assbled with 15" Blade..$39.95

High performance modules require housing and simple alignment to
make a field worthy LASER WINDOW BOUNCE unit. Shows test
tone circuitry , optics and our lab method of a completed assembly
LWBS90 Assembled receiver, 10mw IR laser, collimator ..$449.95

PAIN FIELD PISTOL JJACOB’S LADDER
Caution! Do not aim at people! J§ A 1/2"arc expandsto over4”
Blast out rodents with high (B araudle tp m? J§°°bs
power ulrasonics. i o
oporatedwihal conroe - Useasefe high frequency

3 « Safety shock shut down
« Full 20" ladder length
*+ 110/220 vac 150 watts
JACK3KKt..... -.....5149.95 -
JACK30 Ready to Use..$249.95,

ELECTRONIC HYPNOSIS g TRANSMITTER KITS
Take Control!!! Long range up to 3 mi. Voice Xmtr, Tel

30” SPARK g
™= I TESLA COIL

Create a spectacular

display of nature's own

lightning. Many amazing

experiments possible. —

See coil in action on our("

web site!!

BTC4 Plans $20.00 *

BTC4K kit. $899.95
BTC40 Ready to use.

- Smaller Version (8-10" Sparks)

Rental units available.
PPP1Plans......
PPP1KKitPlans...

PPP10 Ready to Use.

See and Order from Our“Action” Web

Site at www.amazing1.com
PLASMA FIRE SABERS

Kits, Parts and Accessories
Duplicates effect in the motion
picture epic of the century!

Specify blue, gm, pur, redor yel.
Moving light appears to evaporate into space

SAB24 Assbled with 24" Blade..$79.95 SAB24K Kit...$59.95
SAB36 Assbled with 36"Blade.$149.95 SAB36K Kit..$129.95

B

BTC3 Plans....$15.00 BTC3KKit....$349.95
$449.95

& Interfacing of Micro-
computers course. We had
just done an experiment on
interfacing via the Game Port

ANTI GRAVITY where we controlled a
Project lifts objects as seerd : ; d
in video on our web sit ses

erl‘e:;mc VOf:c:suma(edssfyegrawry St.eppl.ng motor's Spee ’
and providing a continous force. | d"-ectlon7 and on_off by

Excellent science project as well

as fascinating research intoa

very fertile field that eventually

will effect all methods of travel. "

With CDROM of invaluable data |

GRA4 Plans and CDROM...... $20.00
GRA4K Kitand CDROM.......... .....$99.95
GRA40 Power source and CD-ROM.....$149.95

ULTRASONIC RECEIVER

Hear an incredible world of sounds
never heard by the human ear!
Directional antd tunable device
allows you to hear and pin point
mechanical and electrical sounds
such as leaking gases, air,
corona motor frictional noises
etc..Hear bats, insects and other
sounds of mother nature - great [Nl
for hunting and tracking. This is an excellent
science project and nature device.

HT9 Plans...$8.00 HTOK Kit......
HT90 Assembled with headsets.

keystrokes. The students had
to put together the lines of
code (in Basic) to do this, so
you can imagine how they
resonated with the material
in your article. Of course, we
did PEEKs and POKEs
instead of IN and OUT.

I wish there would be
more articles where the
author was willing to include
detailed explanation of how
things worked, as well as just

$99.95
$199.95

BTC30 Ready to Use.

Circuitry places subject under your Xmir Line Powered Tel Xmtr, Tracker and

control! Induces sonambulistic states. Homing Xmtr, Vid/aud Repeater Xmtr, TV/
HYP2 Plans.. $10.00 HYP2KKit..$49.95 § g i Disrupter. COMBOX All six kits

HYP20Readyto Use..............569.95 ] oy ..$49.9511

Information Unlimited PO Box 716 Amherst N.H. U.S.A. 03031
Fax 1 603 672 5406 Information 1 603 673 4730

1 800 221 1705 Orders Only!
Pay by MC, VISA, Cash, Check, MO. Add $5.00 S&H Overseas Contact for Proforma

Circle #127 on the Reader Service Card.
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- OVE R BOARD guns, antigravity, pyrotechnics. 12vdc input.
Design notes and research data to buiid MINIMAXG v
 HOVER Bookiet.... ...$25.00 & e X

E-mail <infol@wavewizard.com>

7 KV HV MODULE¢or hovercraft, plasma how to bu]ld it so lt would

work. That teaches some
transferrable skills. Great job!
C.D. Geilker/Professor
Wm. Jewell College
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Free Catalog on web or send $2.00




Compact, rugged, black aluminum flashlight
provides a high-intensity light that can be seen
over a mile. Light is provided by four low-cur-
rent, high-brightness white LEDs, so the batter-
ies last 10 times longer. LED lamps are shock-
resistant and water-resistant and have a long
operating life. Flashlight is 7.5" long x 0.72"
diameter (handle). Includes 3 AA batteries.

CAT# FL-4
$1222.

12 Vdc 6 Amp
Switching Power Supply

Elpac #W7212.
Input: 95-250 Vac.
Output: 12 Vdc @
6 Amps. Fully
enclosed switching
power supply.
Table-top style plastic
case, 6.38" x 3.75" x 2.7."

Overvoltage and overcurrent protection. Short
circuit protection. IEC input with level B EMI fil-
ter. Detachable IEC power cord included. 6'
output cord terminated with a 5 pin DIN plug.

UL, CSA. $2 m

CAT# PS-1244
each
10 Compartment
Plastic Storage Box

Transparent hinged plastic box —
with 10 compartments. g
sjmm S

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 # SB-10

$400

each

Case of 36 for
$30.60 (85¢ each)

Pocket-size led tester. [Ng
Makes it easy to check
functionality, color, bright-
ness and uniformity.

Plug any leaded LED

into one of 12 positions on S
the socket strip to test at current
ratings from 2-50ma. The seven
middle positions on the strip are set at 10 mA
allowing comparison of LEDs in those spaces.
Requires 9 v battery (not included). 95

CAT# LT-100 e

24 Character X 2 Line LCD

with LED Backlight

Optrex # DMC2420
0.21" high
char-
acters.

5 X 8 dot =
format. LED backlight.
0.63" x 3.7" viewing area.

1.53" x 4.7" module size. Removed, in good
condition, from new equipment. Prepped with
4" wire leads terminated with 15 pin socket
connector (0.075" centers).

Includes hook-up diagram. $ @
CAT # LCD-74 each

Incredible Price! 12 Vdc 120mm
Cooling Fan w/ Screen

JMC# 1225-12HBA

120 mm (4.72") square x

25 mm (1") wide cooling fan.
Dual ball bearing fan pro-
vides reliable output of

88 CFM @ 2600 RPM.

12 Vdc @ 0.6 Amps.

45 Dba max @ 1M. Designed
for 50,000 hours @ 25 deg. C. Thermoplastic
housing and 7 blade impeller. Three 7" pigtail
leads with 3-pin connector (0.1" cntrs). Third
lead is for sensing rotation. Prepped with metal
finger guard. UL, CSA,CUL, CE. Large

quantity available.
# 90 for $3.00 each
GATS G173 450 for $2.25 each
$ 00 990 for $1.50 each
each 1980 for $1.30 each

ORDER TOLL FREE T1-800-826-5432

Shop ON-LINE www.allelectronics.com

MAIL ORDERS TO:
ALL ELECTRONICS CORP.
P.O. BOX 567 « VAN NUYS, CA 91408-0567

NO MINIMUM ORDER - All Orders Can Be Charged to Visa, Mastercard, American Express or Discover « Checks and Money Orders Accepted by Mail *
Orders Delivered in the State of California must include California State Sales Tax « NO C.0.D + Shipping and Handling $6.00 for the 48 Continental United
States - ALL OTHERS including Alaska, Hawaii, P.R. and Canada Must Pay Full Shipping * Quantities Limited + Prices Subject to change without notice.

FAX (818) 781-2653 * INFO (818) 904-0524
E-MAIL allcorp@allcorp.com

CAL WAITE
L, wriTE FAXx
QUALITY Parts or E-MAIL Fq
. orA
FAST Shipping Free 96 p
DISCOUNT CATALOG i
Pricing Outside the U.S. A
Send $3.09 posta'ge'.
4 LED Flashlight | LED Tester ] Cable-Lock with 110 db

Electronic Siren

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

CAT # SW-625

$795

each

10 for $7.45 each
Case of 54 pcs $6.45 each

| 8 Retractable Phone Cord |

The phone cord for laptop users!
The body houses 8 feet of ultra
thin telephone wire with an RJ-11
connector at each end. Extend
as much or as little wire as
necessary, and when it is time
to go, it can be retracted in
seconds. CAT # MT-27

$ QQ 10 for $7.50

oach |100 for $55.00|

| 5mm Ultraviolet LED |

Emits blue 395nm UV light.
Water-clear lens. 3.7 Vdc, 20 mA.

30° beam pattern. Ideal for counterfeit
bill detection, detection of fluores-
cence in minerals, black-light posters.
CAT# ULED-2

$475

each

100 for $1.15 each
1000 for 95¢ each

[ MANUFACTURERS - We Purchase EXCESS INVENTORIES... Call, Write, E-MAIL or Fax YOUR LIST. |
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| Project

by Jack Dennon

Random Number Device

This Month’s

Projects
Random Numbers .. 38
RC Tachometer .... 43
Tiltometer ........ 47

b o
The Fuzzball
Rating System

To find out the level
of difficulty for each
of these projects,
turn to Fuzzball for
the answers.

The scale is from
1-4, with four
Fuzzballs being
the more difficult or
advanced
projects. Just look
for the Fuzzballs in
the opening header.

You’ll also find
information included
with each article on

any special tools
or skills you’ll
need to complete
the project.

L_et the
soldering begin!

} NUT5 & Vours
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One-Time Pad Encryption

he interface circuit that we presented in

Part 1 permits any computer equipped with
an RS-232 serial port to obtain real random bits
from atmospheric noise. We programmed the
IBM PC computer to assemble these bits into
real random numbers.

Software presented in this concluding part
uses these real random numbers to implement
message encryption using the theoretically
unbreakable "one-time pad" scheme invented
in 1917 by Joseph Mauborgne and Gilbert
Vernam.

Program Installation

The onetime.bas program, that can be
downloaded from www.seasurf.com/~jden
non, is a "self-extractor" containing concatenat-
ed QBASIC sources for all the programs of this
one-time pad encryption system. When we run
this program with the command

gbasic /run onetime

it reads its own source file, onetime.bas, from
which it extracts and writes to disk the QBASIC
sources for the programs

anrng.bas
antest.bas
match.bas
msgin.bas
msgout.bas
rnhist.bas

and the ASCII text of the shell scripts

getmsg.bat
makehist.bat
makepad.bat
matchpad.bat
sendmsg.bat

System Set-up

Label an empty floppy disk for each user. If
setting up the system for two users — such as
Alice and Bob, for example — label one disk for
"Alice," and the other for "Bob." Begin by copy-
ing onetime.bas to Alice's disk. Make that
floppy drive the current disk and then call the
self-extractor with the command

gbasic /run onetime

This will put a copy of all the QBASIC
sources and all the shell scripts on Alice's flop-
py disk. We can then use the batch file
makepad.bat to invoke the padfile generator,
anrng.bas, with the command

makepad

The anrng.bas program asks for a "basename"
for the padfiles. Enter, for example, the name

alice

The program next asks for the number of
padfiles to be created. The program has page-
size set to 10, so the files created will contain
2,560 decimal numbers. Each number is one to
three digits long, and each is followed by a car-
riage return and line feed. On average then,
each number will occupy about four bytes, so
the file size will be about 12k. There should be
about 1.2 Megabytes remaining available on
the 1.44 Megabyte floppy disk, and we are cre-
ating padfiles for two users, Alice and Bob, so
each user can have about 600 Kbytes worth of
padfiles. Assuming that each padfile takes
about 12 Kbytes, we should be able to create
600K/12K = 50 padfiles for Alice and 50 pad-

| files for Bob. With a file count of 50, the

program will run about 15 minutes and create
padfiles named ALICE100 through ALICE149.

Padfiles for Bob

The floppy disk must also contain a set of
padfiles for Bob, so again, use the command

makepad

and this time, for example, give the program
the basename

bob

and a file count of 50. When this operation is
complete, the disk will contain all the QBASIC
program source files, and all the shell scripts,
plus a set of padfiles for Alice, and a set of pad-
files for Bob. We need to make a copy of this
disk for Bob.

Make a Copy

To avoid leaving erased padfiles on the
MAY 2003




No special tools or skills required. Be sure and take
necessary precautions when working with electricity.

hard drive, we can use the DOS utility named DISKCOPY to
copy Alice's disk for Bob. Diskcopy will leave an image of
the disk in memory, but that image will disappear when the
computer power is turned off. We just need to remember to
do that before leaving the computer unattended. Make drive
C: the current disk, and then enter the command

diskcopy a: a:

The DOS Diskcopy program will prompt for the "source"
disk. Our source disk is the floppy disk we created for Alice.
Diskcopy will copy the contents of that disk to memory, and
then it will prompt for the "target" disk. Put Bob's disk in the
floppy drive and hit Enter. When the Diskcopy operation is
complete, we will have two identical copies of the floppy
disk.

Key Distribution

Getting Bob's copy of the floppy disk to Bob is the set-
up step that professional cryptographers disparage. Whether
or not this so-called "key distribution problem" renders the
one-time pad "impractical" is a question Alice and Bob will
have to answer for themselves. The system is ready for use
when each user has a copy of the floppy disk, and the sys-
tem remains secure while the padfiles remain secret.

Accidental Edits

When a run-time error is detected, such as "file not
found," QBASIC invokes its integrated text editor. This fea-
ture may seem more like a fault if you unintentionally hit a
key that modifies your program. You can carefully exit the
text editor without saving the modified code. Or to entirely
lock-out the possibility of accidental edits, you can mark the
QBASIC sources "read-only" with the command

attrib +r *.bas

This changes the "attribute" of each source file to read-only.

Protocol

When Bob encrypts a message to send to Alice, he
should use one of his own padfiles, BOB100 through
BOB149. When Alice, for her part, encrypts a message to
send to Bob, she should encrypt the message with one of her
own padfiles, ALICE100 through ALICE149. While Alice and
Bob follow this protocol, the encryption and decryption pro-
grams themselves provide sufficient interlocks to keep track
of which keys have been used and which are still available.

Run from Floppy Disk

Our padfile creation process wrote padfiles only to the
floppy disk. We deliberately created the floppy disks in such
a fashion that padfiles were kept off the hard drive where Eve
might be able to find them. When we use the padfile floppy
disk, we run with the floppy drive as the current drive. To do
MAY 2003
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that, the shell COMMAND.COM must be able to find the path
to your QBASIC interpreter. If your QBASIC package is in
the \DOS subdirectory, for example, then your PATH envi-
ronment variable, that can be displayed with the command

PATH
should echo a string that includes C:\DOS. If, for example,
you are running in a DOS window on a Windows 95 system,
and the PATH command echos
PATH=C:\WINDOWS;C:\WINDOWS\COMMAND
then type in the command
SET PATH=%PATH%;C:\DOS
to append ;C:\DOS to your path string.
Sending a Message
Mount the padfile disk in a floppy drive and then make
that drive the current disk. When the shell script

sendmsg.batis is called with the command

sendmsg

it runs the msgout.bas program listed below.

'msgout.bas: one-time pad rotor encryption
DIM rotor%(95)
newline$ = """ 'define end-of-line char

c= 32 'first rotor character is space

FORi=0TO 94
rotor%(i) = ¢
c=g+ ]

NEXT i

PRINT

INPUT "name of the PADFILE to use: ", padfile$
OPEN padfileS FOR INPUT AS #1
nk% =0
DO 'find next available key
INPUT #1, mykey%
nk% =nk% + 1
LOOP UNTIL (mykey% <> 0 OR EOF(1))

INPUT "name of the MESSAGE file to create: ", msdfile$
OPEN msgfile§ FOR OUTPUT AS #2

WRITE #2, nk% 'point to first key

heading$ = padfile$ + " " + DATES + " " + TIMES

WRITE #2, heading$

msgtext$ =" : msglen = 1: msgtotal = 0

PRINT "enter your message, end with a blank line"

DO

LINE INPUT "message line:"; clrtext$S

clrtextS = cIrtextS + newline$S 'append end-of-line

msglen = LEN(clrtextS)

FORi=1 TO msglen
cn% = ASC(MIDS(cIrtextS, i, 1))
index% = (cn% - 32 + mykey%) MOD 95
cipher$ = CHRS(rotor%(index%))
msgtextS = msgtext$ + cipher$S
INPUT #1, mykey%

NEXT i
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msgtotal = msgtotal + msglen
LOOP UNTIL (msglen = 1)

WRITE #2,msgtext$ ‘
CLOSE #1 ‘
CLOSE #2 ‘
PRINT 1
| PRINT USING "message contains ### characters"; msgtotal

SYSTEM ‘

Practical Rotor |

For clarity, the example rotor used for demonstration of
| rotor encryption contained only the upper-case alphabet.
| The rotor we actually use in the encryption and decryption
programs includes all the printable ASCII characters.

Alice Sends a Message

The msgout program first asks for the name of a pad-
file. Alice can give it the name ALICE100, for example. The
program then asks for a filename for the encrypted mes-
sage, such as "TOBOBI1.” Alice can then type in her mes-
sage, ending the message with a blank line created by hit-
ting Enter at the beginning of the line. The program
encrypts the message using, sequentially, the key numbers
from the padfile, ALICE100, together with the 95-character
rotor containing the ASCII characters space (32) through
tilde (126). Each key number from the padfile is used to
encrypt exactly one cleartext character of the message.

Check the Encrypted Message

Alice can verify that the message has been correctly l
encrypted by decrypting it with the command ‘

getmsg

When asked for the message filename, Alice enters the
name TOBOBI1. The program will decrypt and display the
message. The session may look like this: l

getmsg

gbasic /run msgin

name of the MESSAGE file to decrypt: tobob1
ke% =1

alice100: 11-07-2002 16:36:59
Mother Hubbard says
the cupboard is bare.
message contains 43 characters
You should now ERASE the padfile named alice100
and then rename PAGETEMP to alice100

When Alice is satisfied that the message is correct, she
should erase the padfile ALICE100 and then rename the
temporary file PAGETEMP to ALICE100. This step updates
the padfile ALICE100 such that all used keys are removed.

Message File

The message file TOBOB1 will begin with a cleartext
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preamble that contains a pointer to the start of the keys
used to encrypt the message, and a string containing the
name of the padfile and a time stamp telling when the mes-
sage was encrypted. The ciphertext following the header
contains the encrypted message:

1
"alice101 11-07-2002 16:36:59"
"a*6 |hGY+ZTMol__(=[wvYq]* %1squ'}aqg\S$i}Z'$5"

Both the cleartext header and the ciphertext of the mes-
sage are composed entirely of seven-bit ASCII characters.

| The file can be transmitted via SMTP (email), FTP, UUCP,

sneaker-net, or any other conveyance able to move seven-
bit ASCII text from one place to another.

Message Decryption

When Bob receives the file TOBOBI1, he can decrypt it
with the command

getmsg

The shell script getmsg.bat runs the msgin.bas program:

'msgin.bas: one-time pad decryption
DIM rotor%(94)
newline§ = """ 'define end-of-line char
c =32 'first rotor character is space
FORi=0TO 94

rotor%(i) =c:c=c+1
NEXT i

PRINT

INPUT "name of the MESSAGE file to decrypt: ", msgfile$

OPEN msgfileS FOR INPUT AS #2

INPUT #2, ke%

INPUT #2, heading$

PRINT USING "kc% = ####"; ke%

'PRINT heading$

ksp% = INSTR(heading$, " ") 'find end of padfile name
padfile$ = MIDS(heading$, 1, ksp%)

OPEN padfileS FOR INPUT AS #1

LINE INPUT #2, msgtext$ 'read entire ciphertext
msglen = LEN(msgtextS)

kei=1
WHILE (kei < ke%)
INPAT #1, mykey%
kci = kei + 1
WEND
msgS ="
FOR i =2 TO msglen - 1
INPUT #1, mykey%: kci = kci + 1
cipher$ = MIDS(msgtextS$, i, 1)
cipher% = ASC(cipher$)
index% = cipher% - 32 - mykey%
WHILE (index% < 0)
index% = index% + 95
WEND
clrtext% = rotor%(index%)
clrchar$ = CHRS(clIrtext%)
IF clrchar$ = newlineS THEN clrchar$ = CHRS(13)
msg$ = msg$ + clrchar$
NEXT i
CLOSE #2
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OPEN "pagetemp" FOR OUTPUT AS #2

FORi=1 TO kci
WRITE #2, 0
NEXT i
DO 'now copy the unused keys to temporary file

INPAT #1, mykey%
WRITE #2, mykey%
LOOP UNTIL (EOF(1))

CLOSE #1
CLOSE #2

PRINT

PRINT heading$

PRINT msg$

'PRINT

msglen = LEN(msg$)

PRINT USING "message contains ### characters"; msglen
PRINT "You should now ERASE the padfile named "; padfile$
PRINT " and then rename PAGETEMP to "; padfile$

SYSTEM

End-of-Line

In order to create ciphertext that contains only printable
ASCII characters, our rotor purposely excludes ASCII control
codes. This does give rise to an infelicity — we must use
some printable ASCII characters to mark the ends of text
lines. The present programs define grave accent ("), in clear-
text, as the end-of-line marker. When decryption yields this
end-of-line character, the program emits a carriage return
and line feed to the cleartext.

Remove Packet Header

If Bob received Alice’'s message via email, then he will

Construction

Begin by cleaning the copper side of the printed circuit board. Use
fine steel wool to burnish the tin-plated foil to make it bright and shiny.
Use your small soldering iron 25 to 40 watts with pencil or chisel tip well
tinned, and have handy your damp sponge with which to keep the solder-
ing tip clean. Use small diameter (0.031") rosin core solder; 60/40 lead/tin
is fine.

Install the 14-pin dip socket for the IC, taking note that the socket
has an indicator for the location of pin |.Tack-solder opposite corner pins
on the socket, then pick up the board and, while pressing in on the sock-
et, touch your soldering iron to each tacked pin and press the socket
tightly against the board. Check orientation of the socket and then solder
all the socket pins.

Referring to the component locations shown in Figure 2 (Part |,Apr.
’03), install the resistors. Install the trimmer potentiometers and solder.
When you bend the leads on the IN914 diode, hold the lead with your
needle-nose pliers, grabbing the lead between the glass package and the
bending place. That way you won't crack the glass. But you have to hold
really close to the case because the diode goes in on 0.3" centers.

Yes, the diode is polarized — match the banded end with Figure 2
(Part 1,Apr.’03).The banded end is the cathode, and it must look into the
positive side of polarized capacitor Cl.The pattern of this assembly pro-
cedure is pretty simple: we install low-profile stuff first.

When you install the polarized capacitors Cl and C2 you will, of
course, take care to orient them properly as indicated by the "+" mark on
Figure 2 (Part |,Apr.’03).The electret microphone is also a polarized part
like the electrolytic capacitors, but it isn't usually marked as well, so look
it over carefully. The lead that is attached to the case of the microphone
is the negative lead. That lead attaches to the ground side of your circuit.
The light-emitting diode (LED) also is a polarized part. Its cathode is
marked by the flat portion of the plastic case, so use the orientation
shown in the component placement drawing.
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probably have to remove the email transmission control
information that encapsulates the message text. To do that,
load the entire email file into the DOS editor with the com-
mand

EDIT TOBOBI1

Put the cursor at the beginning of the file. Then hold
down the Shift key while moving the cursor down to the line
just above the message header. This will select all the email
control text that precedes the message. Hit Delete to remove
all the selected text. Move the cursor to the line just below
the end of the ciphertext and use the same select and delete
procedure to remove the email trailer text. The edited
TOBOBI file should now contain only the message header
and the ciphertext:

1
"alice101 11-07-2002 16:36:59"
"a*6 |hGY+ZTMol__(=[wvYq]* %1squ'}aqg\$i}Z'$5"

Bob Decrypts the Message

Bob puts his copy of the padfile disk in the floppy drive
and makes that drive the current disk. When Bob invokes
the msgin.bas program with the command

getmsg

the program asks for the name of the message file. In this
example, Bob would give it the name TOBOB1. The pro-
gram reads the message preamble and extracts from it the
name of the padfile that was used to encrypt the message —

The 0.1 microFarad capacitors C3 and C4 are not polarized — they
can go in either way. The 78L05 voltage regulator must be oriented with
its flat face toward the center of the printed circuit board, as shown.

At this point it would be a good idea to look your work over care-
fully. Measure the resistance from the ground side (GND) of the circuit to
the pad marked DTR. If you have a small resistance, or no resistance, then
there is almost certainly a solder-bridge somewhere.

If things look okay, install the LM324 op-amp following the orienta-
tion indicated in the component placement drawing. Pin | is toward the
center of the board.

Make a three-conductor serial cable. If your computer has a nine-pin
connector on the serial port, then on a nine-pin DB9S (sockets) connec-
tor, DCD is on pin |, DTR is on pin 4, and GND is on pin 5. If your PC
serial port has a 25-pin connector, then you need a DB25S (sockets) con-
nector, and DCD is on pin 8, DTR is on pin 20, and GND is on pin 7.
Connect the opposite ends of these conductors to your circuit board at
the corresponding pads marked DCD, DTR, and GND on the component
placement drawing.

Make a two-conductor patch cord for connecting audio input from
your radio.

At the circuit board solder, the patch cord leads to the pads marked
Radio IN and GND. The other ends most likely will need a miniature
phone plug to connect to the earphone jack on your radio.

Connect the tip to radio IN and the ring to GND. Caution: If your
radio is powered by the | 10-volt AC line, make sure your radio audio out-
put jack is isolated from the AC line. Use your ohmmeter to check con-
tinuity from both sides of the audio output jack to the prongs on the radio
AC power cord. If you find any continuity, that is, any low resistance, do
not use that rinky-dink radio.

Use a battery-powered radio, or find a radio with properly trans-
former-isolated power supply.
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| "ALICE100" in this case. The program also obtains from the
| preamble the pointer — one in this case — to the start of the

keys used. Starting in the padfile ALICE100 at that location
| — sequentially using one key for each cipher character in
| the ciphertext — the program decrypts the message and dis-
plays the result. The session looks like this:

getmsg

gbasic /run msgin

name of the MESSAGE file to decrypt: tobob1
ke% =1

alice100: 11-07-2002 16:36:59
Mother Hubbard says
the cupboard is bare.

message contains 43 characters
You should now erase the padfile named ALICE100 and
then rename PAGETEMP to ALICE100

The line kc% = 1 displays the pointer, obtained from the
message header, to the start of the key characters used.

Update the Padfile

After the msgin.bas program has decrypted the mes-
sage, it will write back to the disk all the remaining unused
keys from the padfile. The program writes these keys to a
temporary file named PAGETEMP. After the program exits
back to the shell, Bob should do what the program suggests
— erase the padfile that was used (ALICE100 in this exam-
ple) and then give that name to the temporary file, with the
command

rename pagetemp alice100

This, of course, is exactly the same as Alice will have
done after she checked the message, just before sending it.
It is important that both Bob and Alice update the padfile
after it has been used, because all used keys should be
destroyed. Although the padfiles are thus consumed, any
padfile can be used until it no longer contains enough keys
to encrypt a message.

Keep Disks Full

Alice and Bob will, of course, store their floppy disks
where Eve cannot can gain access to them. Yet in anticipa-
tion of the possibility that a disk may fall into the wrong

Resources

the Windows CD in the \OTHER\OLDMSDOS directory.

C Toolbox.

42

The single-sided printed circuit board can be ordered for $9.50
postpaid from Micromethods, PO. Box 909, Warrenton, OR 97146.
QBASIC is included with all recent versions of DOS.
Windows95 users should be able to find their copy of QBASIC on

Source code for all the programs in this article can be automat-
ically unpacked from the file onetime.bas that can be downloaded
from www.seasurf.com/~jdennon. If you are a DOS user migrat-
ing over to Linux, then on that page do check out my pretty good
editor for GNU/Linux, presented in the book Build Your Own LINUX
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hands, there is another security measure that should be fol-
lowed — keep the floppy disks full. After using a disk, and
before storing it away, use the command

makepad

and give the anrng.bas program a basename, such as
"PAD," and a large file count. The padfiles created are not
intended to be used. Their purpose is simply to overwrite
any erased files on the disk. That way, an eavesdropper who
gains access to the disk — even one who may possess suf-
ficient low cunning to retrieve erased information without
cooperation of the file system — will discover no keys with
which to decrypt old messages, such as Eve may have inter-
cepted and saved. There will be unused keys on the disk, but
all the used keys will have vanished.

Protocol Eliminates Bookkeeping

When he receives an encrypted message from Alice,
Bob doesn't have to know what pagefile Alice used to
encrypt the message. The message header tells the one-
time program the name of the pagefile that was used to
encrypt the message. Since Bob always uses one of his own
set of padfiles to encrypt a message that he sends to Alice,
and Alice, for her part, always encrypts a message with one
of her own set of padfiles, the keys that Bob needs for
decrypting a message from Alice are always available on
Bob's padfile disk. On Alice's copy of that padfile, those
keys will have been erased after Alice sent the message to

| Bob. On Bob's copy of that padfile, those keys will be erased

after Bob decrypts Alice's message. In other words, while
Alice and Bob follow this protocol, after a transmitted mes-
sage has been decrypted, all the key characters used for
that message will have been destroyed.

Summary

Unpredictable, non-reproducible, sequences of secret,
real random numbers, kept secret, with each number used
just one time and then destroyed, can be used to create
encryptions that may be unbreakable. Atmospheric noise
appears to be a usable source of such real random numbers.

Installation of one-time pad type encryption requires
close cooperation on the part of users. Once the system has
been set up and the padfiles have been created and are in
the hands of the users, keeping those files secret, and assur-
ing that used keys are destroyed, are the primary mainte-
nance requirements. While the padfiles remain secret, one-
time pad type encryption offers inviolable privacy.

Gregory ). Chaitin's paper on “Randomness and Mathematical
Proof” can be found at www.cs.auckland.ac.nz/CDMT
CS/chaitin. David Eastlake's RFC 1750 on "Randomness
Recommendations for Security” is available at www.cis.ohio-
state.edu/cgi-bin/rfc/rfcl 750.html. Random numbers from
atmospheric noise can be downloaded from www.random.org.

Random numbers from radio-active decay can be downloaded
from www.fourmilab.ch. For background on cryptography in prac-
tice, written by a professional in the field; with discussion of the
one-time pad and many other schemes, find a copy of Bruce
Schneier's Applied Cryptography, published by Wiley. The second
edition is available at Amazon.
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by Alonzo Trueland

Build an RC Motor

Tachometer

Record a motor’s
speed while in
use, and save the
info for later
analysis.

ast electric boating is becoming increasingly popular

due to advancing technology. New battery and motor
designs push these electric water rockets to incredible per-
formance levels. Even though the electric boater has faster
and more efficient gear at his or her disposal, power is lim-
ited when compared to combustion-propelled craft. If a
racer hopes to be competitive, it is important to be very
meticulous with equipment choice and set-up.

There are numerous factors that dictate a model’s per-
formance on the water: prop type, prop angle, hull type,
motor type, etc. Knowing the motor’s speed during testing
of a particular set-up can provide useful information in the
quest for optimum performance.

This article describes a project that will record the
motor’s speed while in use, and save the information for
later analysis. The unit is installed in the model during the
testing sessions. When each session is complete, the data
is retrieved via the unit's serial port. Data will be displayed
in the form of motor revolutions-per-minute. The device is
typically removed when a satisfactory set-up has been
found.

Figure |. Bench test set-u@ ‘

CIRCUIT DESCRIPTION

The heart of the RC-boat tachometer is an Atmel 2313
microcontroller running at 10 MHz (Figure 1). | used
Bascom-Avr software from MCS Electronics to program
the tiny 20-pin device. Bascom-Avr is an easy-to-use
BASIC compiler that is very powerful and inexpensive. The
STK500 development board from Atmel was used for

The circuit was built using point-to-point wiring. The
low parts count and non-critical parts placement justified
the use of a perf-board assembly method. If hard wiring is
not preferred, MCS Electronics offers an assembled 2313
controller board that would simplify the building process.

Its own nine-volt battery powers the unit. If the motor
or receiver battery was used, noise could be introduced |
into the tach circuit causing the controller to reset. A five- |
volt regulator does the job of providing the proper TTL |
voltage level. The resistor R1 and capacitor C1 hold the
controllers reset input low for a short time after powering
up the unit until C1 is charged. The charge delay prevents
the controller from executing code until VCC is stable.

The motor speed information is measured

\
development/programming.
|

infrared beam strike the phototransistor. The sensor's tran-
sistor will turn on causing pin 12 of the controller to go low.
The sensor signal is connected to the controller's + input of
the on-board comparator. R4 provides the - input of the
comparator. When the + input goes below the - input, an
interrupt will occur that performs measurement/data-log-
ging duties.

The use of a three-channel radio-controlled system
allows for two channels to control the craft, while the third
channel performs the data-collection triggering. The user
will start the data collection, typically, during a high-speed
straight run. The motor speed is sampled every half-sec-
ond for 32 seconds. Sixty-four samples provide enough
information for accurate performance measuring. The
motor should be at maximum speed during the collection
to obtain useful information. The range of the tachometer
is 800-50,000 RPM. J3 is used to start the data collection
dump after a successful test session. If the jumper is on J3
after power-up, the unit will read the data from the EEP-
ROM and send it out of the serial port. LED1 provides a
visual indicator of the unit's condition.

SOFTWARE THEORY

After power-up, the usual peripheral configuration,
variable initialization, and interrupt handling takes place.

using a slotted optical sensor that contains an
infrared diode and a light dependent transistor | File Ieminal
separated by a small gap. A plastic disk witha |

small section notched-out is connected to the
motor shaft, and the sensor is mounted in a
way that the disk will spin freely in the gap
separating the diode and transistor (see Figure
3). Each motor rotation is detected when the
notch passes through the sensor letting the

Figure 2. Printed RPM data. |

16163
16191
16276
16219

16389
16135
16361
16304
16361
16304
done

16361
16247
16304
16361
16304
16247

16651
16219
16219
16332
16247
16219

16651
16332
16247
16191
16247
16219

16389
16276
16191
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| Prdject

Sensor

Figure 3.
Motor/sen-
sor set-up.

Two noteworthy initializations are the variable M and the
comparator. Acsr.7 and Ascr.2 are bits in the register that
control the on-board comparator. These bits enable the
comparator and connect the comparator output to the
input capture of timer1. The comparator is used to receive
the output from the optical sensor. The transistor output
from the sensor is not always perfect. The "OFF" state
may provide a slightly low logic 1, and the "ON" state may
provide a slightly above zero level. The comparator will
trigger an interrupt when the sensor input falls below the
negdative input that is set by the 20k pot. The M variable is
the time of each timerl tic. The captured value from
timer1 is the time of one motor revolution.

The first task that the processor must perform is to
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Tachometer Schematic

..||_

check if J3 has a jumper installed. The presence of a
jumper will cause a gosub to "sub_print." The "sub_print"
routine will read the first memory location of the internal
EEPROM and store it in variable A.

The total time for one revolution is then calculated
and stored in variable K. Next, the number of revolutions
in one second is calculated and stored in variable L. After
finding out the number of revolutions in one second, mul-
tiplying L by 60 will give revolutions per minute (RPM).
The RPM data is converted to a non-decimal number by
setting variable W equal to variable K that now holds the
RPM data in decimal form. This is a handy feature when it
is necessary to change data types. The final part is to print
the data to the serial port. This process will continue until
every location of the EEPROM has been read and printed.
LED1 will blink indicating a successful print.

If a jumper is not present at J3, the processor will light
LED1 and perform pulse-width measurements on the sig-
nal received on pin 9 from the system's receiver. The GET-
PULSE routine is used for measurement duties by simply
incrementing the variable V while the receiver signal is
HIGH. | have found the variable V count to be 736 while
the third channel was not activated. | settled on a value of
850 to trigger the data collection. When the third channel
is activated, the signal's pulse-width measurement will
climb above 850.

The builder should experiment with the radio that will
be used for the project. My radio's third channel uses a
button for activation that has a position adjustment. The
adjustment controls what the pulse width is during activa-
tion. Some radios use a fixed position.

| wrote a small program using partial code from this

PARTS LIST

Ul — Atmel 2313-10
microcontroller

U2 — Slotted optical sensor

V| — +5VDC regulator

X| — 10 MHz crystal

RI,R6,R3 — 10K ohm
resistor

R2 — 330 ohm resistor
R4 — 20K ohm pot

R5 — |10 ohm resistor
DIl — Red LED

J1,)3 — Single row header
2 — RC servo connector
Cl1,C2 — | uF capacitor
C3, C4 — 22 pF capacitor
S| — Micro SPST switch
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RC Motor Tachometer

The usage is what raises this Figure
projects skill level rating. 4B. Data
To use the tachometer as cable
described here, the builder

must have model building and assemb')'-

piloting experience. Every
model is different which
requires its own special instal-
lation requirements. Mounting
the sensor-disk to the motor
shaft is the most challenging
part requiring some ingenuity
to be inexpensive. A custom
machined motor coupler/hub
for disk mounting would be
perfect, but expensive. The
author can be reached at:
atrueland@mybluelight.

com. To JI of-;z'd'\ﬂ

Figure 4A. |
RS232
circuit.
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project that measured the signal's pulse width, and printed
the variable V count. Figure 6 shows what the control sig-
nal looks like. Knowing what the measurement is before
and during channel activation will determine what value
should be used as a trigger point. The program constant
850 may need to be changed for different systems.

The program will continue by enabling the interrupts
and entering a service loop. LED1 will go out while in the
loop, providing a visual indicator that the data collection is
ready to begin. The loop provides a place for the proces-
sor to wait for an interrupt to occur. When the notch on the
plastic disk passes through the sensor slot, the "Isr_cap1"
routine is called upon. This routine performs the motor
speed measurement and stores it in the EEPROM. During
the first sensor trigger, the timer is cleared and variable B
is set to one. This is a flag indicating the start of the revo-
lution measurement. Upon completion of the revolution,
the "Isr_cap1" routine will be called again. Now that vari-
able B is set to one before entering the routine, timer1 cap-
ture data is stored in the EEPROM. The stored value repre-
sents the number of timerl1 tics that occurred during one
revolution. Finally, variable B is

Figure 5. In the boat test.

sensor need to be installed in the boat securely to prevent
vibration from causing a failure. Figure 5 shows a typical
installation. Unfortunately, during the testing of the
tachometer, my boat hit a log and sank into the dark water.
This was a real bummer because replacement will take
some time due to an empty boating budget. | had three
successful runs that provided great results before the acci-
dent. | was having so much fun that | forgot to take pic-
tures of the ready-to-run installation in the boat.

The hull | used to test the tachometer was a wooden
catamaran built from scratch. A simple tie wrap and stick-

cleared, the EEPROM pointer incre-
mented, and a small delay is per-
formed. This process is repeated until
the EEPROM is full. After the EEP-
ROM is full, LED1 will blink indicating
a successful data collection.

USING THE
TACHOMETER

The circuit board, battery, and
Digi-Key (www.digikey.com)
Components
AVR development board

$29.99

MCS Electronics (mcselec.com)
BASCOM-AVR software
Development boards

, Atmel (www.atmel.com)
Microcontroller docs

Tower Hobbies
(www.towerhobbies.com)
Radio control equipment ’

$69.00
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SKU #: TM-USB-SLOT

RJ-11/45 & BNC
Tester w/Remote

SKU #: TM-147

www.RogersSystems.com

25030 Avenue Tibbitts Unit H Valencia, California 91355
4-Port USB Hub
- Back Case Slot

800-366-0579

12 Pc Computer Tool Kit
with Zipper Pouch

Macron MPT-400
400W ATX Pwr Supply

SKU #: TM-TK1

$8.99 SKU #: PS-ATX-400

RG58/59 BNC
Ratchet Crimper Tool

&<

SKU #: TM-292
$16.95

23 Piece Tool Kit
w Zipper Pouch

SKU #: TM-TK23
$29.99

WHOLESALE PRICES TO THE PUBLIC
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installed, the data will transmit
upon turning on the tachometer.
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Wrapping the
controller board
RC Program in foam provides
Flow some vibration
protection.
The plastic

disk must be mounted to the shaft of the motor, and the

sensor mounted so that the disk spins freely in the sen- |

sor's slot. Figure 3 is the bench test set-up that shows the
disk inside the sensor. The battery can be secured using
VELCRO® tape. The servo cable with J2 needs to be
plugged into the third channel of the receiver. This pro-
vides the trigger for the data collection to start. The
jumper on J3 must be absent for data collection to occur.

Once the unit is installed and the boat has been
prepped for running, it’s time to do some laps. The trans-
mitter is first turned on, followed by the receiver. The
tachometer is last to be powered-up. If the transmitter is
turned on last, the tachometer could start to record data.
LED1 will light in five seconds after being energized indi-
cating a ready status. The delay is used to allow time for
the transmitter to be turned on if the transmitter is pow-
ered before it. A test to verify that the third channel is

doing the job of starting the collection should be done at |

this point. Activating the third channel should cause LED1
to go out; this indicates that the data collection has start-
ed. The tachometer needs to be reset by a power-cycle

before launching the model. After the boat is on a steady |

course, activating the third channel will start the data col-
lection. After about 35 seconds, collection will stop. Upon
retrieval of the boat, LED1 on the tachometer should be
blinking, indicating a successful collection.

The next step is to view the data that was recorded.
The unit must be turned off and J3 installed. The tachome-
ter does not have an on-board RS232 converter in an effort
to save power and space. The fabrication of a data cable is
needed to transfer data to a device that uses RS232 (see
Figure 4A). One end of the data cable must be connected
to J1, and the other end connected to a device capable of
displaying the serial data (see Figure 4B). [ chose to use a
laptop computer running a terminal emulator. With J3
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challenging part of the project.

A whole article can be written about RC control sys-
tems. This project was designed around a system that
uses pulse-width control signals. Digital and PPM systems
have different control signals that would need to be han-
dled differently. It is important to be very familiar with the
system to be used. If direct interfacing to the radio's signal
is not desirable, a micro-servo connected to the third chan-
nel could be used. The servo could close a switch connect-
ed to an input of the controller. The tachometer circuit can
be easily modified to suit different needs. If a larger data
sample is needed, a microcontroller with more EEPROM
storage could be used.

Boaters that use a two-channel radio to control their
craft will require a modification for triggering the data col-
lection. One method would be to remove the pulse-meas-
uring code, and change the half-second delay to a full sec-
ond. This modification will allow the data collection to
start as soon as the boat begins to move. The collection
will last about one minute. It takes little time for a typical
RC boat to reach full speed, leaving plenty of high-speed
measurements.

The circuit is not limited to RC boats. RC cars could
also benefit from this project. One particular type would
be a RC drag racing car. Measuring wheel speed during its
three-second run would help to monitor performance. The
tachometer can also be used on fuel burning models. The
excessive vibration from combustion engines will require
sturdy installation methods. Having only 60 samples to
view, using a terminal emulator is sufficient. If larger sam-
ples are collected using bigger controllers, a program that
graphs data from the serial port could be useful.
Searching the Internet could yield a freeware program that
processes serial data for analysis.

All the parts for the project can be obtained from Digi-
Key (www.digikey.com). The STK500 development
board can also be obtained from Digi-Key. The program-
ming software (Bascom-Avr) can be found at
www.mcslec.com. MCS Electronics provides a fully func-
tional demo version (limited to 2K of code) that would be
sufficient for this project. The service and products from
MCS Electronics are tops. The result of a project from one
hobby that increased the enjoyment of another hobby,
proved to be rewarding. You can never have enough infor-
mation when performance is a must — especially knowing
where the logs are.
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by Ron Newton Project

Measure Earth e I e
y 2 tittometer/seismograph
Tides with a

combo unit.

Tiltometer

veryone knows about the tides of the ocean

— how they rise and fall — but what about
the tides of mother earth? Most people don't
think about how the ocean tides are generated.
If asked, the reply is that the moon is pulling on
the water. Not quite!

The earth has a crust, mantle, and a liquid
core, where the gravitational pull has the most
effect. The earth is being squeezed like a grape-
fruit, which causes the deformation of the earth's [——__—
crust. The ocean tides are caused by this deforma-
tion. One side of the earth is bulging while the oppo-
site side is indenting. The earth, at the equator, moves
about £1 meter every 12 hours. The alignment of the
sun with the moon causes different tides throughout
the year. Figure 1 shows the earth tides for a period of
16 days. A number of investigators have suggested
that the surface of the earth may tilt slightly along a | g -2
fault line, somewhat in advance of a seismic event.

The tiltometer presented here is a revised model,
which was published in Scientific American over 40
years agdo. It is capable of detecting .002 seconds of
arc, which is about the angle that would be subtended
by a dime at a distance of 200 miles. Not only does it
detect tilt, but it has the added advantage of being an
inexpensive seismometer. Figure 2 shows the 6.8 El =2.213
Salvador earthquake. | was able to measure the ring-
ing of the earth for 10.5 hours. The top graph is a reg-
ular seismograph and the lower graph is the tiltometer.

The original tiltometer was designed using the
displacement of mercury between two, two-inch cups
placed 24 inches apart. Mercury has been in the news
regarding its potential to cause health problems.
Proposals are up for its elimination from oral ther-
mometers, as most people throw their broken ther-
mometers in the trash. Keeping mercury out of the
land fills and the ocean has high priority. Scientists
are aware of the problems of mercury and, unfortu-
nately, there is no substitute for many scientific instru-
ments due to its density. If handled correctly, and if
spills are properly taken care of, it can be safe to use.

Like water, mercury seeks its own level. The
height of the mercury is determined by injecting a
4MHz signal into the mercury, making it the transmit-
ting antenna. Two receiving antennas placed just
above the mercury determine its height via signal
strength. The AC signal is rectified and an instrumen-
tation amplifier is used to amplify the differences in
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Project

Gog Antenna voltage generated by the diodes
20: SOOW\ 23.0000 /A f is injected into the instrumenta-
R e RO tion amplifier. This amplifier has
‘ N\ A@ZOOOO/ o \/\ a very high input impedance and
( / \ #25 a common mode rejection of 106
: , [ ( @ / ) Claatinca haig dB. It is capable of 1-1 amplifica-
| . \ \\t/// / tion to 10,000 amplification by
‘ ; \ M / the changing of one resistor. A
! 3 \ \_© S DIP switch was added to provide
Wy - 6/32\ = amplifications of 1-1, 1-10, 1-100,
‘ S Dl &tap o 1-500, 1-1,000. The output from

‘ 1.5" 6/32 Stainless steel ¥ BES — 0.8400 :
: [ I g this op-amp measured from the

Only needed on one cup l !

o Rk [T 0N ground can be recorded by a
ke I '\t’]fw"e a chart graph or other software
L_—_~_‘§ I Two RCA jacks are placed on the

X ‘ board and their center terminals
N~ 1.8" 062 disk are soldered to the board. Solder
one 1.5-foot wire to the output of
the CD4011. This wire will be con-

| nected later.

TILTOMETER

ELECTRONICS

The whole detection system, including the power sup-
ply, fits on a 3" x 3" single-sided circuit board, and the cost
in parts is about $35.00. When constructing, it is impor-
tant to observe the proper polarities of C1 and C2. The
LM7815 and LM7915 are voltage regulators which pro-
vide a +15 and -15 volts, respectively. The CD4011 is a
simple way of generating a 4MHz signal driven by a crys-
tal. The choke resonates with the capacitance of the
antenna, and is rectified by D1 and D2. Note the polarities
of the two diodes. The trimming capacitors across the
chokes allow for maximum tuning of the circuits. The DC

Mercury, the messenger for Zeus, was known for his speed.
Anyone who has worked with the element mercury will know why
it is called quick silver and named after this Greek god.

In the book Alice's Adventures in Wonderland, Lewis
Carroll had a character called the Mad Hatter. In the 1800s,
Mercury nitrate was used in the manufacturing of felt hats. These
people, through constant exposure, developed strange behavior
patterns. Thus, the term "mad as a Hatter."

Most of us do not realize that we are surrounded by mercu-
ry — lighted athletic shoes, old latex paints, fluorescent lamps,
old button batteries, fungicides, thermometers, dental amal-
gams, thermostats, and silent light switches are just a few things
with mercury in them. Mercury is odorless, but due to its vapor
pressure, is easily absorbed in the lungs. Mercury can cause a
rash, but is not easily absorbed through the skin. Its compounds
are extremely toxic.

Unfortunately, | have found no substitute for mercury in the
tiltometer project. Its conductive powers, and most importantly,
its viscosity and density, all play a part in the physics of the oscil-
lation and dampening effects.

HOW TO HANDLE MERCURY
1. Remove all jewelry and wear rubber gloves if you have
cuts or abrasions.

48

[ PC board
|
08500 4 ,eo0
B N R i ey
' gl 14 FIGURE 3 |
} b1
|

the signals.

Although the two cups can
be machined on a drill press, a lathe makes the machin-
ing much easier. Acrylic that is 3" round by 1.75" in height
is difficult to find, so I glued two 1" pieces of acrylic togeth-
er using methyl-chloride, also known as Weld-On four. The
cups must be cylindrical and not rectangular to prevent
the development of non-linear turbulence. Once you have
made the cylinders using the dimensions in Figure 3, drill
a 1/2" hole in the center to a depth of .175" from the
bottom.

Machine out the cups and polish the inside 2" diame-
ter to a smooth finish. Drill a 1/4" hole from the side
through to the center 1/2" hole on the bottom. Drill the
bottom hole to a depth of 1/2" with an 11/32" drill, and
tap with a 1/8" pipe tap. Drill the top hole with a 11/32"
drill and tap. Place the two cups with the pipe threads fac-

MERCURY

2. Place the tiltometer in a cardboard box lined with Saran
wrap.

3. Keep the mercury in a plastic bottle with a small opening.

4. Transfer the mercury in a well-ventilated place.

5. Do not allow pregnant woman or children in the area
when transferring or if spilled.

6. Transfer over a solid floor without cracks or rugs!

WHAT IF A SPILL OCCURS?

1. Use a syringe, eye dropper, or a sheet of paper to clean
up. Adhesive tape can also help to pick it up. Do not use a vac-
uum cleaner!

2. Transfer it to a plastic bottle for disposal. Label it “dirty
mercury.”

3. Dispose of the mercury at a waste disposable plant or
recycle it by cleaning it. (Another subject)

4. Do not pour it down the sink or dispose in the yard!
The biggest concern is that it will get into the lakes and rivers and
form methylmercury via bacterial action which fish absorb and
cause the majority of mercury poisoning in man.
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Tiltometer

No special skill requirements on the electronics. The
machining can be done on a drill press, however, it would
be best to have the use of a lathe.

ing each other. Using a #29 drill, drill through to the 1/2"
hole at right angles to the pipe threads on the left cup. Tap
this hole for a #8 6/32 stainless steel screw 1.5" in length.
Three holes are drilled and tapped for 6/32 screws on the
top of each cup. Two holes for 6/32 screws will be needed
on the bottom of each of the cups for mounting, depend-
ing on the type of chassis.

ANTENNAS

Two 1/4" pieces of acrylic for the top are turned to
match the cups, and three clearance holes are drilled for
the 6/32" screws. A 1/4" hole is drilled in the center of
each lid. Two 1" acrylic tubes are cut at a length of .8" and
glued to the center of the lid.

Two double-sided .062 circuit boards, 1.8" round, are
turned and a small hole is drilled using a #60 or PC drill
in the center. Using an 1/8" drill, remove about 1/16" of
the copper from one side of the disks (top). Push a 2"
small wire (wire wrap works well) from the top side and
solder it to the bottom. Solder another wire to the top side
within 1/4" of the center hole. This forms a capacitor out
of the circuit board. Sandpaper the excess solder off the
bottom side so that the circuit board is flat. If carefully
done, the wire will still be soldered to the inside of the
small hole.

Place a shielded RCA jack through the lid and solder
the wire coming from the bottom of the disk to the center
terminal. The top wire is soldered to the ground terminal.
Center the disk and
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FOIL SIDE PCB PATTERN

plate aluminum. Do not use wood, as it will change due to
humidity. Two 8/32 screws are placed at one end of one
side and one 8/32 screw is placed in the center at the
other end for leveling. | used three acorn nuts on the bot-
tom of the screws to prevent the bottom thread from
walking the unit when being adjusted. For more tips see
the sidebar.

You will need four 1/8" pipe to 3/32" tubing adapters
and two pieces of 3/32" ID tubing. Run the tubing under
the board. Solder the transmitting wire to a #8 lug and
using the 1.5" stainless steel screw, screw into the left cup.

superglue to the
acrylic tube, push-
ing the excess wire
into the acrylic

Oscillator out

Open 1=1
$1

1-10
1-100

tube. Coat both 2

sides of the copper 5

with clear acrylic or S

T 4T

fingernail polish to

prevent corrosion.

FINAL
ASSEMBLY

Mount the cups
at 24" centers. The
circuit board should
be mounted
between the cups
using 3/4" metal
standoffs (for
grounding the
board to the chas-
sis). | have used
1/2" aluminum d
channel, but prefer
1/4" 39"L x 6"W
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NUTs & Vours

roject

Tips

* When tapping the pipe threads, use water as a lubricant.

* Centering of the antenna can be done easily by mounting the
board in the lathe chuck and using a center on the RCA plug.

* If you drill a small hole in one of the lids of the cups just next to
the 2" hole, a syringe can deliver extra mercury to tweak the output.

* The unit will take about a day to truly settle down due to temper-
ature variations and the wetting of the plastic. Use the leveling screws for
gross voltage offsets and the WinDagq offset for small voltage offsets.

* To calculate the sensitivity, place the amplification on 10 and take
a reading when level, and then a reading after turning the center leveling
screw a 1/4 of a turn, or 90°. This will raise the mounting board 7.8 mils
(mil = 1/1000 of an inch; 1/32 turns = 31.3 mils per turn; 31.3 x [/4=7.8
mils).

* Since you will be using the unit on 100 times amplification, the
voltage will need to be multiplied by 10. (E.g., 5.5 volts / 90° turn will be
55 volts / 90° turn.)

* 55 volts / 7.8 mil = 4.3 volts per mil.

* The A/D 12-bit converter is capable of measuring .0012 volts per
bit. 5 volts/4096 bits = .0012 volts / bit.

*.0012 volts per bit / 4.3 volts per mil = 2.8 10-4 mils per bit.

* 200 miles x 5,286 feet / mile x 12 inches / foot = 12,686,400 inches.

* 12,684,400 inches / 28.5 inches per mil = 445,136 inches per mil.
445,136 * 2.8 10-4 = 125 mils subtended per 200 miles. Just about a
dime's thickness.

About every three years, | found | need to update my office com-
puter. | took one of the older ones and dedicated it to continuous mon-
itoring of seismic activity. It is connected to a UPS.

| set the computer clock to Greenwich time as earthquakes are
reported in this time.

Check out www.earthquake.com for the location of earth-
quakes of large magnitude, and the time of arrival to your location. | use
the University of Nevada at Reno for local tremors. Check with your

local college to see if they have a seismograph.

Instead of using a 8/32 screw on the single leveling end, | bought a
$5.00 micrometer and cut off the C and mounted it to the chassis. This
gives a very fine control of the leveling.

The difference in the size of tubing affects the oscillation period of
the liquid and the damping effect. The liquids act as a pendulum.The mer-
cury has a pendulum swing of 23.7 seconds with a damping of 1.22 if the
OD of the tube is 3/32." Different size cups can be used, and different
lengths of tubing can also be used for more sensitivity. The formulations
are below:

Oscillation period
T =2xpix DI /(D2 x the square root of(L/(2 X g)))
Where DI = inside diameter of the cups
D2 = inside diameter of the tubing
L = center to center of cups in feet
g = 32 (gravity) feet per second per second
T = time period in seconds

Damping factor
h=2xuxT /(d x pi x the square of (D2/2))
Where h = damping factor
u = the viscosity in centi-poise | for water 1.5 for mercury
d = density | for water 13.55 for mercury
T = time period in seconds
D = diameter of cups in cm

Win-Daq

DI-150RS makes life simple. | collect 720 hours of data to a file. Each
day, | run the WinDaq Wave form Browser and look at the file. F7 will
allow you to shrink all of the data collected on one page by using maxi-
mum compression. Once | have done this, | review for earthquakes. If |
have a lot of data, again | use F7 and scan with either a compression of
100 or 1,000.You can print any portion of the data. Check out their web
site for further information. www.dataq.com. (The DI-150RS is now
sold by RadioShack for $99.99.)
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to help with temperature variations and air move-
ment.

Add mercury to the apparatus so that both bot-
toms are covered evenly. Rock the apparatus to
remove any air bubbles. Air bubbles will prevent the
mercury from leveling. To check for hidden bub-
bles, use an ohmmeter and check the conductivity
between the cups. Using the leveling screws and a
hand level, adjust the level so that the mercury is
| approximately the same height in both cups (X-

axis) and is even on the Y-axis. Remove or add mer-
cury so there is a distance of about 1/16" between
the mercury and the antennas.

Connect the RCA cables to the board and to the
antennas. Jack 2 should go to the antenna with the
single leveling screw. Plug in the unit. Place a DC
voltmeter from the Ground Pin to the Test Pin 1.
Adjust C3 for a maximum positive voltage. Change
the meter to Test Pin 2, and adjust C4 for its maxi-

mum voltage. This should be in the range of .5-1

PCB LAYOUT

volt on each pin. Place the voltmeter to the op-amp
output. Turn off all the DIP switches. Using the sin-
gle leveling screw, adjust the level so that the output

LEVELING

The unit should be placed in an unoccupied area of a \
basement on concrete. Place in a North to South direction |
for earth tides, or any other direction if you think your |
house is tilting. | have mine surrounded by 1" Styrofoam i
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approaches zero volts.

If the voltage is high, turn the screw counter-clock-
wise. If the voltage is low, turn the screw clockwise. Move
switch one (10 amplification) to on and re-adjust. Move
switch one off and switch two on (100 amplification), then
re-adjust. | use 500 amplification (switch 3). There is
1,000 amplification available (switch 4), but | found that
when the sun and moon align, it will peg the chart.
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PARTS LIST

‘ Digi-Key #

| CI-C2  1,000uF 35-volt radial electrolytic P5169-ND

' C3-Cé6 .| uF 50-volt metallized capacitor P4525-ND
C7-C8  15-50 pF trimmer capacitor SG1033-ND
C9-C10 22pF ceramic disk capacitor P10796-ND
DI-D2  IN4148 diode fast switching IN4148DICT-ND
D-3 100-volt bridge diode DFOIMIR-ND
ICI LM7915 Pos |5-volt regulator NJM79M|5FA
IC2 LM7815 Neg |5-volt regulator NJM78MI5FA
IC3 CD401 | NAND gate 296-2031-5-ND
IC4 INAI12| FET instrumentation amp INAI2IPA-ND
LI-L2 10 uH choke M7825-ND
RI | meg 1/4 watt 1.OMQBK-ND
R2 22k 1/4 watt 22KQBK-ND
R3 5.62k 1% 1/4 watt 5.62KXBK-ND
R4 511 ohm 1% 1/4 watt 51 1XBK-ND
R5 100 ohm 1% 1/4 watt 100XBK-ND
R6 49.9 ohm 1% 49.9XBK-ND
Sl Four-position DIP switch CKNI1278-ND
TI 110V 18V I.I amps split MT2225-ND
XTAL | 4 MHz crystal 300-6003-ND
Two-prong power cord QI100-ND

Digi-Key: www.digikey.com
Miscellaneous
RadioShack #

Double audio cord RS43-2650
J1-J4 — RCA jack RS274-346

CHARTING

|
Tiltometer |

Although a chart recorder works well, you will go
through reams of paper. | use a Dataq DL150RS with their
12 bit A/D converter. It is available for $99.99 and records
two channels of data allowing for other monitoring to be
performed. | have used their eight bit, which sells for
$15.00 ($50.00 more if you want to record), but 12 bit is
vastly superior. | set it up to record one month of data.
Using their WinDaq software, at any time while it is record-
ing, you can view the current data or the file it is writing. If
there is a major earthquake, | note the time and the date
of occurrence, and WinDaq will perform a time search for
that occurrence. You can print out any small portion of the
data or the whole month report on one page. It also has
the capability of performing Fourier waveform analysis.

Hardware for tiltometer

Mounting

| ea.3/8" 6" x 39" aluminum
plate

3 ea. |" 8/32 screws

3 ea. 8/32 acorn nuts

4 ea. |/2" #6 metal standoffs
(board)

4 ea. 3/4" 6/32 screws (board)

4 ea. |/2" 6/32 screws drill and
tap cups to mount

| ea. 1.5" 8/32

25 mils mercury

Four [/8" nipple 3/32" adapter,
may be obtained from
www.coleparmer.com

21" 3/32" tubing, may be obtained

from www.coleparmer.com

| ea. |.5" 6/32 stainless steel
screw

| ea.#8 terminal

The board is available for $15.00
+ $5.00 shipping. Electronics kit
and board (all electronics above)
$55.00 + $10.00 shipping. Add
$25.00 if you want the board
assembled and soldered.

We accept check or money
order. Plastic use Pay Pal.
Ron Newton
2230 Damon Rd.
Carson City, NV 89701
775-885-8842
Sjnewt@aol.com

Do you remember the nights you
laid awake asking yourself
“What ever happened to the CueCats?”

iIit’s Simple

We

Got’EM!!

CueWho?? CueCat a Simple

Low Cost Barcode Scanner
Keyboard or USB Interface

Electro Mavin 42 years of Bargains,
Quality, and Customer Satisfaction
800-421-2442 or FAX 310-632-9867
E-Mail john@mavin.com

http:// www.mavin.com
We Buy New Unused Technical Product,
Military and RF Connectors Our Specialty

Easy Step'n

* For the experimenter.

simple easy to build test equipment.

driven devices.

the day we receive yo

am
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Stepper Motor Book

* Determine surplus stepper motor specs using

* Design and build microcontroller-based control systems
(flow charts and code examples included).

» Design and build stepper motor driver circuits.

* Analyze the mechanical characteristics of stepper motor-

* The book is full of experiments, circuits and code. $34.95
Table Of Contents And Ordering Information On Web Site
http://www.stepperstuff.com

SQUARE [1] eecrronics

P.O. Box 501, Kelseyville, CA 95451
Voice (707) 279-8881 Fax (707) 279-8883

We have been selling on the Internet since 1996. We ship

der or the next business day.
i http: " "www.gq-1l.com

* 8-pin PICmicros
Same UserI * Talking to a PICmicro with a PC using a terminal program
Boo ks « Test equipment and data logger experiments

Table Of Contents And Ordering
Information On Web Site.

Not Distributed Via Book Sellers module
We accept VISA, MC, AM, DS, MO, Check Serial Communicationg - Advanced $49.95
CA residents please add 7.25% CA sales tax * Synchronous - bit-bang, on-chip UART, RS-232

See our web sites for s/ rates.

PIC, PICmicro and MPLAB are trademarks SPI (Motorola), Microwire (National Semiconductor)
of Microchip Technology Inc.

PIC® Microcontroller Books

POATED

New TltleS * D/A and A/D conversion - several methods

Easy Microcontrol'n - Beginner $29.95
* Programming Techniques
Instruction set, addressing modes, bit manipulation,
subroutines, loops, lookup tables, interrupts
* Using a text editor, using an assembler, using MPLAB
» Timing and counting (timer 0), interfacing, 1/O conversion
Microcontrol'n Apps - Intermediate $44.95
* Serial communication - PICmicro to peripheral chips
* Serial EEPROMS
* LCD interface and scanning keypads

* Math routines

Time'n and Count'n - Intermediate $34.95
« 16-bit timing and counting applications
» Timer 1, timer 2 and the capture/compare/PWM (CCP)

* Asynchronous - 12C (Phllips Semiconductors)

* Dallas Semiconductor 1-Wire bus




Selected Titles for the Electronics Hobbyist and Technician—

The Nuts & Volts Hobbyist Bookstore

Robotics

The Robot Builder’s Bonanza
by Gordon McComb

A major revision of the
bestselling "bible" of ama-
teur robotics building —
packed with the latest in
servo motor technology,
microcontrolled robots,
remote control, Lego
Mindstorms Kits, and other
commercial kits. $24.95 F

Build Your Own Combat Robot
by Pete Miles / Tom Carrol

Build a powerful and invin- o W
cible robot for full-blown [
competition or just for fun [
using this authoritative
robot resource. This team
of experts gives you an
inside look at the innova-
tive new world of robotic
combat, explaining the ori- =S
gins of the sport, as well as all the elements
that go into constructing a fighting robot.
Learn technical basics from motors and
wiring to locomotion, and read builders'
true stories from the front lines of robot
competition. Whether you're mechanically
minded or not, you'll find this book both
entertaining and informative. $24.99

Robot Builder's Sourcebook
by Gordon McComb New'
Written by Gordon r :
McComb, author of the
classic Robot Builder’s
Bonanza, one of the most
popular books ever writ-
ten on amateur robotics,
the Sourcebook lists
over 2,500 mail-order
suppliers and other
sources.You'll find
detailed information about the resources,
including addresses and phone numbers: In
short, everything you need to find — and
acquire — common and uncommon robotics
parts and supplies. In order to provide a
true “robotics goldmine,” this one-of-a-kind
guide also includes:
* Dozens of informative “sidebars” to
“_help you understand essential robotic tech-
‘nologies such as motor types, sensor

design, and how to select the best materials.

* Scores of relevant articles designed to
fill-in informational gaps, stimulate thinking,
and help you make the most of all the
material the Sourcebook makes available to
you. $24.9§

PT VISA, MC, AMEX
net include shipping
and may be subject to change.
Ask about our 3)% subscriber
discount on selected titles.

Prices do

NUTs & Vours

/

Combat Robots Complete
by Chris Hannold new!

Here’s everything you need
to jump into the fascinating REUAAYRNVENIE
and fun world of fighting
robots — even if you don't
have advanced electronic
or engineering skills. The
author — a five-year fight-
ing bot and 20-year bot
veteran — offers priceless =5
“insider info” covering everything from
step-by-step guidance on constructing your
first combat robot to the lowdown on the
federations that sponsor or guide competi-
tions. $24.95

JunkBots, Bugbots, and Bots on
Wheels: Building Simple Robots With
BEAM Technology New!
by David Hrynkiw / Mark Tilden
Ever wonder what to do
with those discarded
items in your junk draw-
er! Now you can use
electronic parts from old
Walkmans, spare remote
controls, even paper clips
to build your very own
autonomous robots and
gizmos. Get step-by-step instructions from
the Junkbot masters for creating simple
and fun self-guiding robots safely and easily
using common and not-so-common objects
from around the house. Using BEAM tech-
nology, ordinary tools, salvaged electronic
bits, and the occasional dead toy, construct
a solar-powered obstacle-avoiding device, a
mini-sumo-wrestling robot, a motorized
walking robot bug, and more. Grab your
screwdriver and join the robot-building
revolution! $24.99

Junkbots, I~
Bugbots

Wheels

Building Robot Drive Trains

by Dennis Clark / Michael Owing
This essential title is just [
what robotics hobbyists
need to build an effective
drive train using inexpen-
sive, off-the-shelf parts.
Leaving heavy-duty “tech
speak” behind, the authors
focus on the actual con- :
cepts and applications nec- ﬁ
essary to build — and
understand — these critical
force-conveying systems.

Robot New'
Drive Trains

Beows Ciart 124 Uchas! Swinge

$24.95

Everything you need to build your

own robot drive train:

*The Basics of Robot Locomotion

* Motor Types: An Overview

* Using DC Motors

* Using RC Servo Motors

* Using Stepper Motors

* Motor Mounting

* Motor Control

* Electronics Interfacing

*Wheels and Treads

* Locomotion for Multipods

* Glossary of Terms/Tables, Formulas

Troubleshooting

Circuit Troubleshooting
Handbook
by John D. Lenk

When it comes to trou-
bleshooting, no other
book even comes close —
hundreds of circuits are
covered in this exhaustive
handbook. The result is the
most comprehensive and
reliable circuit compendi-
um ever assembled.
Heavily illustrated with diagrams and
schematics, it uses an easy-to-follow format
to help readers understand and trou-
bleshoot a wide range of circuit types, and
provides proven circuit testing techniques
for all levels of instrumentation. $39.95

Electronics

Encyclopedia of Electronic
Circuits Vol. 7
by Rudy Graf

Designed for quick
reference and on-the-job
use, the Encyclopedia of
Electronic Circuits, -
Volume 7, puts over .
PO pAs o) (i -
electronic and integrated =2 N ©
circuit designs at your fin- %
gertips. This collection
includes the latest designs I =
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

Understanding Automotive
Electronics Fifth Edition
by William B. Ribbens
This edition of
Understanding Automotive
Electronics covers the most
recent technological
advances in operation and |}
troubleshooting of electron- |
ic systems and components.
This is a practical text,
suitable for the automotive techmcnan stu-
dent, or enthusiast. It includes low-emission
standards, on-board diagnostics and
communications, digital instrumentation,
and digital engine control. $34.99

Handbook

&"“\0 ?“’ 9
PN
Eacyclapedia ot

UNDERSTANDING
f \"M\ll\k
lluumms

Guide To Understanding
Electricity & Electronics
by Randy Slone

For the true beginner,
there's no better introduc-
tion to electricity and elec-
tronics.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 equatlons sym-
bols, and supply sources. $24.95

MAY 2003

ELECTRICITY
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Circuit o
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Call 1-800- 783—4624 today! or

order online at www.nutsvolts.com

Microcontrollers

Programming & Customizing the
HCI | Microcontroller
by Tom Fox

Applications bazaar for the
68HCI | microcontroller.
Squeeze every drop of
power out of Motorola’s
wildly popular family of
68HCI | true 8-bit single
chip computers! From
basics to complete
applications. $39.95

Programming & Customizing
PICmicro Microcontrollers
2nd Edition by Myke Predko

This book is a fully updat-
ed and revised compendi-
um of PIC programming
information.
Comprehensive coverage
of the PICMicro’s
hardware architecture
and software schemes
complement the host of
experiments and projects
making this a true, "learn
as you go" tutorial.
$49.95

PIC Microcontroller Project Book
by John lovine

This project-oriented guide gives you 12
complete projects, including: using transis-
tors to control DC and
AC motors, DTMF phone
number logger and dis-
tinct ring detector and
router ... home automa-
tion using X-10 commu-
nications ... digital oscillo-
scope ... simulations of
fuzzy logic and neural
networks ...and many
other applications. $29.95

Home Entertainment

Build Your Own PC Home
Entertainment System
by Brian Underdahl
Learn to use PC DVD
drives, DVD recorders,
and massive hard drives
to create a home enter-
tainment system that's
comparable to what st |
1 . !DIII‘ “Ptlm Syster

you'd enjoy from expen-
sive, individual compo-
nents.Who needs the
movies? Now, you can
achieve stunning audio and top quality
video results through your PC.This book
shows you how to build your own home
entertainment center using an ordinary
PC.Watch and record TV shows and
movies, put your entire CD collection on
your hard drive, and listen to radio stations |
from around the world. $24.99 i

May 2003

New!

BUILD
YOUR OV

Programming & Customizing
the 8051 Microcontroller
by Myke Predko
Programming and
Customizing the 805/
Microcontroller puts you in |
control of the 8051's
architecture and instruc-
tion set — and even sup-
plies a baker's dozen of
ready-to-build example
appllcatlons programs, and [~ »
circuits. Best of all, the included CD- ROM
supplies source code for the book's experi-
ments and applications. $39.95

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 time/tempera-
ture display, and a data-

logging thermometer. $39.95
The Nuts & Volts of BASIC

$69.95

all 3 volumes

$49.95

2 volumes

each

In 1995, Scott Edwards began authoring a
column on BASIC Stamp projects in Nuts
& Volts Magazine. The column quickly
became a favorite of Nuts & Volts readers
and continues today with Jon Williams at
the helm. The Nuts & Volts of BASIC Stamps
is a three-volume collection of over 90 of
these columns.

Volume 3 is new and contains

columns 76-92!

High Voltage

Homemade Lightning: Creative
Experiments in Electricity
by RA. Ford

Enter the wide-open fron-
tier of high-voltage elec-
trostatics with this fasci-
nating, 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

Computer Hacking

Viruses Revealed néW!
by David Harley / Robert Slade
Urs Gattiker

This detailed guide offers
full-scale coverage and
analysis of the origin,
structure, and technolo-
gy behind computer
viruses, and addresses
current methods of
detection and preven-
tion. By learning exactly
how viruses do what
they do, you'll better understand how anti-
malware technology works — and be able
to evaluate and implement practical solu-
tions to protect your system.You'll get
insight into the various types of malicious
software — including Trojan horses, macro
viruses, and worms — and also learn
about virus hoaxes. $39.99

Hacking Exposed: Network Security
Secrets & Solutions, Fourth Edition
by Stuart McClure / Joel Scambray /
New!

George Kurtz
This brand-new edition 7
of the best-selling securi-
ty book covers all the
latest hacks and counter-
measures and includes a
bonus DVD with the
authors’ famous “Hacking
Exposed Live” presenta-
tion! $49.99

The Hacker Diaries: Confessions
of Teenage Hackers
by Dan Verton

Through fascinating inter-
views with FBI agents,
criminal psychologists,
law-enforcement officials
— as well as current and
former hackers — you'll
get a glimpse inside the
mind of today’s teenage
hacker. Learn how they
think and understand the
internal and external
pressures that pushed them deeper and
deeper into the hacker underground.
$24.99

Radio & RF

Secrets of RF Circuit Design
Third Edition by Joe Carr

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

PICL-2464 $99.00
Sharp LM24014 240 x 64 LCD

p— 31 E.L. Backlight
it dedicated /O 5" x 1 5/16" Viewable Area
One 8 bif | Port
One 8-b np;:n Por or ma'feddxeymdd( (c3 b?f) PIC 16F877 Re-Programmable
Fdl m ex Serial ChRS-232 or 422 /4.

Switches, A/D & /O Bits

wo 16 -bit ‘Hmers/Couden

32K Ram Installed -
Snap. Apan PCB's with .100" pin strips.
8051 Monitor Eprom Installed
. SrgallPC MaxFOI ‘ Basic 51, and - Dozens of assorted adapters on each PCB. LCD MONlTOR KIT
ssem rO! : g
'§ 900 in Single Quanitiles : [P omiely CfPICE'S Wiy SaSabes Wi & file A Complete 12.1

TFT LCD Kit With
Controller and 180
Nit 16.7M Color
XGA Panel- Just
Plug Into VGA port
and add 12 volts
D.C.!

= ol ISO!C PLCC SSOP QFP DPAK SOT23 MSOP QSOP SC90 D2PAK

e N ar an e Vi TSSOP SOT8 D3PAK SOT143 TSOP SC70 SOT88 and many more

TN DYNAMIC BYSTEMS TNC

A R e e mrrrasuivs il (714) 630-8024 www. beldynsys.com

Rapid Development Solutions for the Technical Professional -

SK-2005R $299

HOT SUMMER PROJECTS! T

Rugged Metal Case
On Screen Display
Free Z-Mount
Resistive & Capacitive
Touch Screen Options
Available. 1024 x 768
16.7 Million Colors

* VGA and SVGA

'S&H USA $5.95, Canada $8.95 Other $12.95
USB programmer. Connect
to USB or serial port . Free
software Dozens of PICs
orted including 12C508,
84, 16F628. ZIF socket
not incl. CPS149 kit $29.95
IC 16F62x Programmer
Experimenter. Serial port.
ommented source code to [
rogram the included 16F628.
nd then flash the 4 LEDs in

Fuel Cell Car Kit - Build
a car that runs on water!

Model Energy Efficient J \\
House - Build the home of ;
the future! IQ

wen_ sua

EARTH:... i com

5 ways. CPS160 kit $9.95 See the whole line up of solar projects “The World Wide LCD Source”
oll Free: 1-888- 549-3749 to heat things up this summer at 32701 Calle Pertecto - San Juan Capisrano, CA 82675
el (330) 549 3726 H - See the World’s Largest Collection of LCD’s and LCD

.electronlcslz3 com Electron!CKltS .Com Products at http://www.EarthLCD.com

)

oLl O ‘l#’/

ActiveWire®USB cusToM
PLASTIC PARTS

Enter option code

NVM-Q133E when Simple USB Interface!
ordering and Mold manufscturing.
receive a free Production of injection
molded parts. No order
Breadboard Voltage too small or too big. Very
S competitive on high labor
ﬂeyulatar Kit. parts. For very small orders we can inject your

parts on manual low pressure machines.

Stamp STACKS

* Works with MacOS 8/9, Win98/2K/ME

Lots of Micros!

5 FreeBSD and Linux! We manufacture
Basic Atom, " 2‘::1 cPU mn:‘-xm uss our own tooling
BASIC Stamp, ) . fmm d':.nlomabie via USB Site: www.vandvmachy.com

: . paraliel Input/Output
OOPic, PIC, HC11... Atom MoDULES + See web-site for add-on boards plus shipping
h * All drivers, manuals, demos are on our

web-site for immediate download!
ActiveWire, Inc.

www.activewireinc.com
ph +1.650.493.8700 x203 fax +1.650.493.2200

RF MobuLEs
Go Wireless!

Home Automation. g,

Control Home lighting, temperature <
and security from one location

Rosorics
Kits, moters, controls,
sensors, parts...
5 Theremin —— \ 9505K Kit
$89.75

Ry o q The PAJA Theremax uses =~ N\
e o the same heterodyne principles

el
‘ ' as the original turn of the centur
@ OntrOI g %nsttrume glgr cla55|bc| tc;)ne an?j z}lddlsC \\ ==
: gatures made possible modern IUS.
Technologies Bl e

Bits, Pieces,
Sensors & parts! //
See our website!

nal lectern case.
FatMan Analog MIDI Synth

Shown with opti

9308K Kit -

o $15. 400 - complete music synthesizer
u = & A %l h
% = L > > with all the big bottom and phat
ol = Do it Yourself! 5 Q & Vo z'oskoungj tha}j mal teslanfalng fanl'ntous
. ¥y b nobs and controls for Teal-time
40 0 0 > Magic Modules < \:Qf&‘?, —Sound sculpting. Compatible with standard
B 8 ¥ Voice Synthesizers T L %~ _~ MIDI sources like keyboards or computers.
U O-530 127> 4 Input / 4 Output a J Desktop case or rack panel availabie.
= v 3 0 p://Paia.com fo
oo > X-10 Capable Sets Fonbelrmo e ey
e i e 58 e . 0O olte oloaie ~ PAIA Electronics * 3200 Teakwood Lane * Edmond, OK 73013

405.340.6300 = fax:405.340.6378 * email:info@paia.com



QUALITY PRODUCT
FAST DELIVERY
COMPETITIVE PRICING

* UL approved Eaten i

* Single & Double sided PRl o2 in.ea)

> S : includes t twork,
* Multilayers to 8 layer Pl i

* SMOBC, LPI mask

* Reverse Engine

* Through hole or SMT
* Nickel & Gold Plating
* Routing or scoring

‘lectrical Testing
* Artwork or CAD data
* Fast quotes
We will beat any

competitor s prices!!!

yogii@flash.net - flash.net/~yogii

10 pcs (3 days)

I or 2 layers $249
10 pcs (5 days)
4 layers $695

E. W S
rROTOTSe EPRED
PULSAR, INC

9901 W. Pacific Ave.
Franklin Park, IL 60131
Phone 847

Easily Incorporate Oscilloscope

Images Into Your Documentation!
Applications .
* Project documentation
* Design reviews
+ Student lab assignments
Features
* Process HPGL, PCL, and
Epson graphics commands
« Create BMP, GIF, JPG, s
8 PCX, PNG, TGA, TIF Files
| Requirements Introductory Offer
* Windows 95, 98, Me, NT, 2000, XP Only $97!
» Serial port with hardware handshaking
* Oscilloscope, Logic Analyzer, or Spectrum Analyzer
with print or plot capability

Download Free 30-Day Trial!
www.printcapture.com

AT9SMINIPE

ProtoX¥
AT9OSISPB

AFYISISPE

~ Atmed AVR RISC A

V,:YAN

lectronics
www.avayanelectronics.com

TECH-SYSTEMS ELECTRONICS, INC.
&f‘o BUY SELL RENT TRADE » \ﬁ
(R “*TEST EQUIPMENT** *
Over 15,000 instruments in stock!!

Analyzers, Scopes, Generators, Meters,
Power Supplies, VXI, Data Aquistion, Optical
- = Test, Microwave Components,
e Accessories, Equipment
LEH Manuals, and much more!

Visit our website for our
ever-changing inventory
WWW.TECH-SYSTEMS.NET
Please feel free to email us with any of your
Test Equipment needs bill@tech-systems.net
Tel: (732) 918-7979 Fax: (732) 918-7888

== MATCO

EverSecure
www.matco.com

WR-700

Weather Resistant
y $99

QKITS.COM

NEW PRODUCTS!
40 MHz Handheld

Oscilloscope

Optically isolated RS232 output for
PC » 40MHz samﬁling rate, 12MHz
analog bandwidth - Carrying case
and insulated probe included.

Proximity Card Access Controller Kits
KLO42 can accept up to 42 cards

KL204 can accept up to 204 cards for access
All l((jits come with Antenna and 2 Access
Cards.

1-888-GO 4 KITS
GREAT PRICES, GREAT SHIPPING RATES
49 McMichael St., Kingston, ON, K7M 1M8, CANADA |

tor the (f(’c(stnoni(rgignthuemgt.
Pain-Free Oscilloscope Training

Only $149.95

The portable programmer that uses the

printer port instead of a internal card,
with easy to use Windows software that

programs E(E)prom, Flash & Dallas Ram.

Intronics, Inc. * Tel. (913) 422-2094
Box 12723 / 612 Newton / Edwardsville, KS 66111
Add $8.00 COD
WWW.IN-KS.COM Visa/MC/Amex/Disc

PROTOTYPE
Printed Circuit Board
SERVICES

REDEFINED®
ipcb.com

%rel 604)858-3970

538 Fax (604)858-7699
TRECIITS Mod (604)824-9831

- READ THE GRATICULE
- SELECT THE CORRECT PROBE ... AND MORE!

Learn the fundamentals fast! Our one-hour video and
70 - page reference manual were designed by a
college professor. Includes certification exarn!

VHS tape and manual just $34.95 + $5.00 S/K
(U5, adresses only) NYS resdents add 7% salestax

To order send check or money order to:

SYSPEC Inc / PO Box 2546 / Syracuse, NY /13220

1.877 SYSPEC1 (1.877.797.7321)

How much energy does it use?

Kill A Watt

Electricity Usage Meter

Large LCD displays: kWh
(cumulative over time).

Watts, VA, Volts, Current.
Frequency, Power Factor,

Timer. $37.95

+ $5.00 S/H

E==Losics

Call Toll Free: 1.866.SOLAR EV (765-2738)
email: info@noemissions.com




Parls List Soffware

for Engineers and Uesigners

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

m Track sources for items with multiple price breaks.

‘ | Caiculate product costs at any quantity.

; ® Launch CAD, viewer or browser from any ltem.

‘ B Automatically generate RFQs or POs.

| New Version 5.0

® New Report Layout Editor
customizes reports/labels.

® New Connection to
QuickBooks 2002/2003 Pro

| simplifies accounting (s
version only).

= New Multi-currency for
foreign suppliers eases

exchange rate calculations.
For Windows

k ™ 98/NT/Me/2K/XP
| endors e
| starting at

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

7—'7 Or, Call 800-280-5176
‘ /Y ?ﬂg}/ 530-273-1985 Fax 530-477-9106

DESIG w PO. Box 2270, Grass Valley, CA 95945

Add vision at low cost!
Perfect for inspection,
security,robotics. Full
frame buffer unlike sx,
pei,usb type. Industry
std PC104 form factor.

-Color & BW up to 640x480 oem(1k)
-Serial/parallel:pic,avr,z80,pc $ 2 7
-Full speed: to 30 frames/sec

-Simultaneous composite out eval kit(1)
-Use w/digital CMOS camera

-C, BASIC, Assembler source $9 5

64k MEGA -7
SINGLE CHIP COMPUTER

-ZERO external components! No xtal or external memory ICs.
-RISC processor up to 16 times faster than original lo-cost IC.
-64x more BASIC space(flash),16x more ee,64x more variables.
-Up to 8 channels of hi-speed A to D Converter (8 and 10 bit).
-RS232 Assembler download in addition to BASIC download.
-Calibrated, more stable, internal osc. Same price as 8K super!

STAMP DRIVE!!

Read / Write PC compatible hard
disk, PCMCIA, & Compact Flash. 0em(1 k)

RS232 to ATA drive adapter for
Stamp, 8051, AVR, PIC, Z80, x86 &

ANY controlier, big or small:

-up to 4 gigabyte capacity eval klt(1 )
-low power operation S5v 2ma

-simple software commands

-baud rates up to 115.2kbps

-S14 IDE & $21 ISA/104 versions

WWW.STAR.NET/PEOPLE/~MVS

MVS Box 803 Syr Limited Warranty
Nashua,NH 03060 MVS Free Shipping
(508) 792 9507 L= Mon-Fri 10-6 EST

Circle #140 on the Reader Service Card.

DC Motor Interface Module

1-40VDC Motors
12A Continuous/25A Peak
Over Current Fuse
Over Temperature Fuse
Serial of Direct Drive Mode
2.5” X 1.9” Footprint

Everything For Electronics

NUTs & Vours

(%]
o
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FREE COURSE CATALOG (800) 243-6446 www.cie-wc.edu

Electronics & Computer
Distance Learning Courses

Imagine the exciting career opportunities waiting for highly skilled pros who can design, build,
program and maintain sophisticated electronics and computer systems. With the right training
that pro can be you!

Cleveland Institute of Electronics offers distance learning training programs in Electronics and
Computer Technology. They are designed to provide students with the occupational skills necessary
to understand, analyze, install, troubleshoot and maintain the many different types of electronics
equipment used in business & manufacturing industries today.

Choose from a wide range of Electronics & Computer Training! f@&a Send for a FREE Catalog!
CIE offers many different Diploma and Degree programs ranging & 9@ 9 “CE 1776E.17th |
from our NEW Computer and Wireless Technology courses to our R ”; Cleveland, OH 44114 I

Electronics Technology with Laboratory course to our most \I—/Name
advanced program, an Associate in Applied Science in Electronics | ies |
Engineering Technology. | [
Every program includes all the tools, lab equipment and instructor | Apt |
support you'll need to succeed. Many other courses are available | city |
so you can get the exact job-training course that's right for you! | Sm:_i |
2 New Courses! New Course! A+ Certification and Computer Technology I Zip I
* Wireless & CIE's new A+ program will train an individual with little or no computer I Photia |
Electronic o background about computer technology and prepare them to pass the l . I
Communications £ A+ Certification exam and become a certified entry-level PC Technician. [ == |
« A+ Cortification I Check box for G.1. Bill Details |
and Computer Cleveland Institute of Electronics is accredited, affordable and a | G Acue Duty B SEEGNS
Technology degree granting school. Call or write us for your FREE Course Catalog! L Orcall (800) 243-6446 P31 |

Call (800) 243-6446 or visit www.cie-wc.edu for a FREE Career Catalog!

Lo T R . R S e ———"

Learn How To Design & Build PCBs!

Learn how to design and build printed circuit boards with this unique new
distance learning course from CIE Bookstore.

Designing a PC board is not complicated if you follow the basic rules outlined
in this course. Every lesson is presented in a clear easy-to-understand format
which makes learning this material fun and easy.

Earn a Certificate of Completion in PCB Design from CIE Bookstore when finished,
instructor assistance and on-line priority grading is included with tuition.

After completing this

course you’ll be able to: Here's what you'll receive:
« Design PCBs * 4 lessons with instructor support Lesson Topics

« Identify and Test Components +» Hands-on training lab with + PCBoard Layout

* Trace Circuits soldering iron + Reliable Soldering Techniques

« Solder to Printed Circuirt Boards + CADPACK CD - circuit simulation, + Working with Printed Circuit Boards
* Inspect and Repair Solder Joints design schematics and PCBs + Building a Siren with Flashing Light

Course 02-261

(800) 321-218585 or visit www.ciebookstore.com CA, Hl & OH residents must add sales tax. $16.95 shipping.

CIE Bookstore: 1776 E. | 7th, Cleveland, OH 441 14 |

L—————————————————————————————————————_J
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DEVELOPER-FRIENDLY USB

Take a detailed look at how easily a USB-based

device can be developed.

s the popularity of USB continues to increase, so
Adoes the desire and need for easier ways to devel-

op USB-based products. Lots of integrated circuit
manufacturers are now offering USB serial engines and
integrated USB/microcontroller chips. The use of these
devices assumes you will take on the burden of all
required software development.

The development of most new USB-based products
begins with the laborious and frustrating task of writing a
device driver. This task can easily consume the bulk of a
developer's free time (nights and weekends, that is) trying
to stay on schedule. This task can be simplified somewhat
by using the Human Interface Device (HID) class, or it can
be eliminated altogether by using FTDI's royalty-free driv-
ers. The only catch with using FTDI's drivers is that they
only work with FTDI's chips. FTDI offers two versions of

by Don L. Powrie

their USB chips (USB to UART and USB to parallel FIFO),
as well as two versions of their drivers (Virtual Com Port
and DLL).

This article will describe a complete USB-based prod-
uct design — start to finish — for acquiring temperature
data from two digital temperature sensors. The USB-UART
version of the FTDI device (FT232BM) will be used, as
well as their Virtual Com Port drivers.

MICROCONTROLLER

As mentioned above, FTDI (www.ftdichip.com)
makes both a parallel and a serial version of their USB
chip. Connection to the parallel version (FT245BM)
requires eight data lines and four handshaking lines to
properly implement the interface. What if you only have
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two free port pins on your microcontroller? The serial ver-
sion of their chip presents an industry standard RS-232
interface (RX, TX, CTS, RTS, etc.) for easy connection to
a legacy RS-232 device. All that is typically needed to con-
nect a legacy RS-232 device to the FT232BM is a garden-
variety receiver/driver IC (MAX-232, HIN232, etc.) and a
DB9 connector. Using the FT232BM USB-UART chip
instead of the parallel version frees up 10 micro port pins |
for use in your project. ‘

For this project, we will interface the FT232BM direct- |
ly to an eight-pin, PIC 12F629 Flash-based microcontroller. !
Two of the micro's pins connect to a 20MHz crystal, two
are used for power and ground, two for communicating
with a host PC (TX and RX), and two for talking to a pair
of Dallas Semiconductor DS18B20 digital temperature
sensors. Refer to Figure 1 for the schematic.

The micro only has 1K of ROM and, surprisingly, the
firmware for this project only required 54 percent of the |
available ROM thanks to PCM, a highly-optimized C com-
piler from CCS (www.ccsinfo.com). Since the micro is
Flash-based, and a programming header is included in the

i
r

| v
&

| }
}//end of main()

oid main()
int8 byte_read;

start_convert();//start conversions on both sensors
while(1)//continuous loop

while( !kbhit() ) //while nothing received

RESTART_WDT(); //pet the dog
byte_read = getc(); //read one byte from host
via USB

if(byte_read == 'P') //if byte_read is 'P' then
send response 'Q'
putc('Q’);

//don't call this function more than once per
second...
if(byte_read == 'R') //if byte_read is 'R' then
read
read_convert(); //both devices and
start new conversion

byte_read=0; .
Figure 2. Source code
for main().

design, the firmware can be easily updated (or replaced by
your own code) without having to remove the micro from
the board. And that's significant for this design since the
micro we've selected is in an SOIC8 surface-mount (i.e., no
socket) package.

All that is needed to interface to each DS18B20 is a
single port pin and a pull-up resistor. Neither the micro nor
the DS18S20 ever drive the port pin high. The only time it
is high is when neither is driving it low. An open collector
(or in this case, open drain) port pin on the micro would
be perfectly suited for this application. However, since this
design doesn't have one available, the software will have to
pick up the slack. The functionality of an open drain out-
put can be easily simulated by toggling the port pin
between input and output low. When the port pin is config-
ured as input, the pull-up resistor pulls the data line high.

The design presented in this article shows how to inter-
face two temperature sensors to the USB port. It could
have just as easily demonstrated how to interface two
switches, two outputs (for
driving relays, LEDs,
etc.), or a mix of the two.
Also, a larger micro, like
the 16F84A, could have
been used for more port
pins.

Programming the
12F629  Flash-based 51 |21.s*r: 708°F
micro is accomplished \
via a five-pin header that 5o |21.?’C 71.0°F
consists of power and

#= DLPTemp

Pot:  Port Status:
ﬁ'ﬁpmremp Ready

Read Temperatures I

ground, clock, data, and = Autoread

a programming voltage | & qj,{ o
of about 12.5 volts. For -

this project, | used the [ EXIT I

EPIC Plus Programmer
(www.melabs.com).
You will have to make
your own programming

Figure 3. Visual C++ and Visual |
Basic Demonstration Program. ‘

cable using both five-pin and 10-pin headers in order to
make the connection to the programmer. Keep in mind
that Sensor 2 must be disconnected from the board during
firmware upload so that it does not interfere with the pro-
gramming process.

VIRTUAL COM PORT DRIVERS

The Virtual Com Port (VCP) drivers make your USB-
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Figure 4.
Screen shot of
the software.
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$35.00 from
dlpdesign.com

......

Figure 5.
DLP-TEMPI.

based product appear to your Windows application as
though it is connected to an RS-232 port. Your application
simply opens a com port and sends data as though it were

going to the DB9 connector on the back of the PC. If your |

application opens a com port that is assigned to the VCP
drivers (via the Device Manager window), then the data
bytes sent are redirected to the USB scheduler and then
out the USB port. Any data returned to the host via USB
simply appears in the buffer that was created when your
application opened the RS-232 port.

Some things you won't have to worry about are USB-
related details like endpoints, token packets, data packets,
handshake packets, ACKs, NACKs ... the list goes on and
on. The VCP drivers do a splendid job of hiding these
details from the user. The desired baud rate, number of
data bits, stop bits, and parity selection for the data sent
from the FT232BM USB chip to the target electronics can
be set by the host application. Setting these parameters in
the host application has no effect on transmitted USB data
packets.

The maximum data rate that can be expected using
the FT232BM is somewhere in the neighborhood of 1-3
megabaud (depending on how your circuit is configured),
and all standard baud rates are supported. Applications

that require data rates approaching eight megabits per ;

second fall more under the purview of the FT245BM and
DLL drivers.

FIRMWARE

The complete microcontroller C source code listing

Figure 6.

Tested with
200 feet of
Cat 5 cable.

for this project can be down-
loaded from www.dlpde
sign.com/usb/temp.html.
The main() function is shown
in Figure 2. As you can see,
in this implementation there
are only two commands for
communicating with the
microcontroller. The first is a
"ping" command for detect-
ing the presence of the board and microcontroller. This
command can be used by the host application to help
locate the COM port to which the micro is connected. The
second command calls a function that reads the tempera-
ture data from both of the temperature sensors, sends 18
bytes of temperature data back to the host, and calls
another function [start_convert()] that starts the next tem-
perature conversion. Note that the start_convert() func-
tion is called at power-up so that temperature data is ready
for read the first time the "R" command is issued.

The code in main() will wait — continuously resetting
the watchdog timer — until port pin GP3 is pulled low by
the USB chip indicating the start of an incoming serial
character. The getc() function is then called to receive the
character. Error correction (crc, checksum, etc.) could be
added, if desired, to make the interface more bulletproof.

The DS18B20 temperature sensors take up to 750
milliseconds to perform a full 12-bit temperature conver-
sion and write the data to their internal scratch pad mem-
ory. For this reason, there is no reason for the host appli-
cation to issue the "R" command more than about once
per second. Additional firmware could be added to the
micro to allow for nine-bit temperature conversions so that
much faster temperature measurements (less than 95 mil-
liseconds) can be performed in the DS18B20. Keep in
mind that faster readings come at a price. As the speed
goes up, the accuracy goes down. (Refer to the DS18B20
datasheet for details.)

WINDOWS SOFTWARE

The source code for simple Visual C++ and Visual
Basic programs that demonstrate how to read the temper-
ature data from the 12F629 micro can be downloaded for
free from www.dlpdesign.com. The code will request the
temperature data once per second, convert the nine bytes
of data returned from each sensor to a floating point
value, and display those values. Figure 3 shows a screen
shot of this program.

Also available is a Windows application that will read
the data and both chart the data graphically and log the
data to the hard drive. This program can be purchased for
a shareware level fee of $20.00 ($13.00 with another pur-
chase).

Figure 4 shows a screen shot of this software.

PCB

Figure 5 shows the printed circuit board for this proj-
ect and just how small a complete USB product can be
MAY 2003




made using the USB chips from FTDI. The bottom layer of
this two-layer board is mostly a ground plane to help keep
the noise and EMI to a minimum. The board comes with
one sensor. The sensor is not soldered to the board so that
the user has the option of locating the sensor at a distance
from the board using Cat 5 cable. This design has been
successfully tested with both sensors located 200 feet
(Figure 6) away from the board using Cat 5 cable.

Two pairs of wires in the Cat 5 cable are required for
the connection — one pair for power and ground, and the
other pair for data and ground. If using both sensors, you
can either connect them to the board using one cable for
both sensors (since the cable has four pairs), or two cables
if the sensors are to be placed in different locations.

Since this design incorporates a male Type A USB
plug, it can be directly plugged into the PC's USB port. If |
you want to bring the board up to your workbench while
still communicating with the board, then a USB extension
cable can be used.

POWER CONSIDERATIONS

reality, the actual data throughput for a full-speed device in
bulk transfer mode is closer to a maximum of eight
megabits per second, once you add all of the overhead
involved in making USB usable and reliable.

If your project calls for higher data throughput, or if
you would prefer working with a parallel interface and have
the required number of micro port pins available, addition-
al reading on using the FT245BM is available online at
dlpdesign.com/pub.shtml.

USB-based product development really is within reach
for those of us (myself included) who don't have the abili-
ty to develop device drivers. While I'm almost always
intrigued by the challenge of learning something new, the
ever-approaching deadline always seems to win out over
my desire to take on a new grand venture. So, if you want
to learn how to write device drivers (a noble venture
indeed, and one that might well increase your salary once
mastered!), then pick up a book on the topic of WDM
device drivers and start reading. If you want to get your
new USB-based product to market on time, then have a
look at FTDI's chips. I think you'll be glad you did!

The five volts from the USB port are used to power
both the circuitry on the PCB, as well as the two tempera-
ture sensors. This does not mean to imply that the USB
port can supply unlimited current to your external circuit-
ry. The maximum current that can be drawn from the port
is 500 milliamps. This assumes that the board has been
configured as a high-powered device. This also assumes
that the board is connected to a port on the PC or powered '
hub. If connected to a self-powered hub, then the maxi-
mum power available for use is reduced to a total of just
100 milliamps.

When the board is first connected to the host PC, the
maximum current that can be drawn is 100 milliamps. ’
After enumeration is complete, the board can draw the full
500 milliamps. To prevent drawing excessive current

Front Panels?

Download the free sFront Panel Designer:
to design your front panels in minutes

Order your front panels online
g " and receive them just in time

| www.frontpanelexpress.com

Circle #126 on the Reader Service Card.

before enumeration, this design
includes a MOSFET transistor to |
switch the power going to the micro ‘
and sensors. The switch is controlled |
by the PWREN# signal from the
FT232BM.

CONCLUSION |

While FTDI's drivers and chips
do relieve the developer of having to
learn 95 percent of what can be
learned about USB, [ still recom-
mend getting a good book on the
topic, like Jan Axelson's USB
Complete Second Edition
(www.lvr.com) if for no other rea-
son than to become familiar with the
complexity of USB and to develop
realistic expectations of USB's capa-
bilities. For instance, UsSB
Specification 1.1 proclaims a data
rate of 12 megabits per second. In
MAY 2003 |
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FRS RANGE

WARS

by Gordon West

The distinction between must-license and no-license
handheld radios is getting blurred as more and more
options become available from manufacturers.

he distinction between must-license and no-license
I handheld radios is becoming blurred by the radio
range wars going on between competing manufac-

turers and dog-fights at the dealer level.

"For $29.95, you go one mile. For $39.95, you have two
miles. For $79.95, you can get five miles," reports a sales-
man at Fry's Electronics. No mention of the required license
for GMRS operation. And the only difference between the
$29.00 and $39.00 FRS units with one- and two-mile range,
was that the less expensive unit did not have the page vibra-
tion alert feature. And | guess this cut its communications
range by half?

"Just give yourself a boat name and you are all set to
go with 10 miles range," comment the sales personnel at a
tackle store in the northeast that offers snow mobilers
accessory equipment in the wintertime. We were told that
the 25-watt, marine VHF, fixed-mount transceiver could be
used anywhere, including on a snow mobile or in a vehicle,
because the Federal Communications Commission (FCC)
had eliminated marine radio licensing. Absolutely untrue —
although the FCC has indeed eliminated the need for a ship
station call sign to operate marine VHF in domestic waters,
marine Part 80 FCC rules are clear that the equipment may
only be operated on navigable waters. It takes a special
marine coast station license to operate marine VHF from
shore-to-ship, and never between two land stations running
25 watts on marine ship-to-ship channels.

The range wars on small handhelds escalate with
Family Radio Service equipment now sporting a much
taller, fixed, UHF
rubber duck anten-

—

Double-duty FRS

and GMRS radio p na.
with external

mike and antenna
connections.

"Our new
4088A Family
Radio Service hand-
held radio offers
extended communi-
cation range
because of its high-
performance anten-
na," reports ICOM
America at a recent
boat show. While I
agree an elevated
UHF feed on a rub-

MAY 2003

Top-quality Motorola FRS
radio with a complete line
" of options and accessories |
available.

@
,oe"‘rvsano % °

TALKABOUT

ber duck antenna is
technically superior
to the little, short,
helical antenna,
"extended communications range" would probably not dou-
ble, as some consumers might think. But good for ICOM
America — they didn't claim any FRS range in miles — and
since ICOM America sells quality marine communications
equipment, a half-watt over sea water during periods of still-
air tropospheric ducting could lead to a whopping 20 miles,
if one station is up on a hill!

It gets better yet — Standard Horizon, the marine divi-
sion of the land mobile radio company Vertex, and amateur
radio company Yaesu, were seen previewing a submersible
tri-band marine portable radio, Model HX470S, capable of
five watts on marine VHF, two watts on Multi-Use Radio
Service (MURS), and the customary legal limit — one-half
watt on UHF Family Radio Service, plus AM radio, FM
broadcast radio, NOAA weather band radio, and AM aircraft
receive-only capabilities. Mind you, all this in one nice, neat
unit fully submersible.

Standard Horizon cautions that this radio is not offered
for sale nor is FCC type-accepted, and best considered a
"concept radio," although it is far beyond the conceptual
stage. | am told it has just received Canadian approval, and
they hope that the FCC approval process will be coming
shortly. And technically, the radio absolutely can work as
conceived (not advertised for sale!) because the Yaesu
triple-band amateur handheld radio, Model VX-7R, appears
to be a blood-brother to the new HX470S. Repeat — numer-
ous boat show disclaimers illustrate a concept radio not
FCC approved for sale.

But the concept makes sense — a single radio that may
offer all of the advantages of no-license MURS, FRS, and
marine VHF operated on navigable water with specific
marine rules on what VHF channels may be used for specif-
ic types of on-water communications.

"The focus on expected range for XX amount of dollars
has misdirected buyers on the requirement for certain FCC
licenses," comments Bill Alber, a Bay Area marine electron-
ics communications specialist.

"The issue of a required Federal Communications
Commission license becomes more cloudy when you talk
about an FRS radio with extended range GMRS frequen-
cies," adds Alber, referring to the operating manual which
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Most FRS radios use AAA or
AA penlight batteries.

points out that the eight GMRS channels included are
repeater output frequencies, not actual repeater input/out-
put channels. This leads many buyers to believe no license
is required for GMRS "talk around" output frequencies, even
though the rules are clear that any operation on GMRS
channels requires the $75.00, five-year license.

"There is no telling how many consumers are operating
on GMRS channels without the appropriate license," com-
ments well-known communications authority Bob Leef, in
Mission Viejo, CA. Leef has over 40 years in communica-
tions electronics, and is one of the most knowledgeable
communications consultants for many cities in Southern
California who are starting up volunteer emergency com-
munication groups using Family Radio Service equipment.
Leef has established many emergency groups, including

Author West |
looks over a

recent trade

those serving REACT, and invites Nuts &
Volts readers to pick up some "free advice"
on the legal use of handheld radios by log-
ging onto www.rkleef.com.

FRS RADIOS BY
THEMSELVES

These straightforward radios generally
put out slightly less than a half-watt of
power, and the antenna is non-removable
by FCC order. | use a nearfield field
strength meter to determine approximate
power output levels, and | note that even
the "two pair for $29.00 with a manufactur-
er $29.00 rebate certificate" seems to have
about the same amount of field strength as
a much more expensive single FRS unit
with plenty more features. (Yup, act quick
and you can buy a pair of FRS radios for
virtually free!)

But the features really make a differ-
ence on FRS equipment. Inexpensive FRS gear usually
exhibits low volume and feeble audio fidelity out of the little
speaker, whereas more expensive FRS equipment tends to
give you much louder volume output and capabilities of
CTCSS tone to include voice encryption. Many buyers will
purchase equipment and turn on the "privacy" tone feature,
thinking that they are now in the scrambled mode — they
are not. They are simply decoding CTCSS, and the only pri-
vacy they get is less people coming through on the same
channel they have dialed up because the receiver is tone
squelched to one of 38 pre-selected tones.

A little more money on a quality FRS radio leads to
vibration alert, voice encryption, VOX headset capabilities,
and a host of very useful features. But range extension with
more money spent — it won't happen. | think the ICOM
America new extended

new MURS
radio at a

show.
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antenna is about the only

way you might squeak out a

The Standard for checking
Capacitors in-circuit

= Good enough to be the
choice of Panasonic,
Pioneer, NBC, ABC, Ford,
JVC, NASA and thousands
of independent service
technicians.

Inexpensive enough to pay for itself in just
one day’s repairs. At $179, it’s affordable.

And with a 60 day trial period, satisfaction
guaranteed or money-back policy, the only
thing you can lose is all the time you’re
currently spending on trying to repair all
those dogs you’ve given up on.

CapAnalyzer 884

Electronic Design Specialists

Locate shorted or leaky
components or conditions
to the exact spot in-circuit

Still cutting up the pcb,
and unsoldering every
part trying to guess at
where the short is?

Your DVM shows the same shorted reading all \
along the pcb trace. LeakSeeker 82B has the
resolution to find the defective component.
Touch pads along the trace, and LeakSeeker
beeps highest in pitch at the defect’s pad. Now
you can locate a shorted part only a quarter of
an inch away from a good part. Short can be
from 0 to 150 ohms

LeakSeeker 82B
Available at your distributor, or call 561-487-6103

few extra hundred yards of
communications range.
Mileage range figures for
FRS equipment are absurd
— downtown you might
barely get a block, but out
on the desert from moun-
taintop to mountaintop on a
windless hot day with tro-
pospheric ducting at its
best, you might even do 50
| miles!

MULTI-USE
RADIO SERVICE

Now that the FCC has
clarified rules on this VHF
service at two watts maxi-
mum output, equipment is
beginning to pop up. Most
MURS equipment offers all
five VHF channels, original
frequencies assigned to the
Part 90 business radio serv-

$179
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ice "color dot" channels:

151.820 MHz
151.880 MHz
151.940 MHz
154.570 MHz
154.600 MHz

These channels now fall under the CB radio rules for
multi-use radio service — license free, under Part 95,
Subpart J. This allows two watts output, narrow-band
FM, and an outside antenna permissible to boost range
dramatically.

This external antenna rule is a good one — you can go
20 feet above anything on your roof, not to exceed 60 feet
above the ground. A two-watt transmitter into low-loss, LMR-
400, professional, land mobile radio coax cable to a 10 dB
gain, collinear, vertical antenna would legally boost effective
radiated power to about 20 watts. Incoming signals would
also increase by 10 dB, and you could establish VHF com-
munications range on a clear channel easily up to 10 miles
base-to-mobile, and 20 miles base-to-base.

But the problem is "clear channel" — | doubt you will
find one. Thousands of users throughout the country have
been buying "color dot" VHF radios for all sorts of purpos-
es, and few ever went through the FCC licensing process,
although it was originally required under Part 90. When
the color dot radios began showing up at electronic outlets
and major superstore chains, the five channels quickly
loaded up with unlicensed operators. Now that the channels
are license-free, interference will be at an all-time high in

major cities.
But MURS out of town in rural areas offers great VHF
range capabilities on a vacant channel — if you can find

one. Make sure you buy a radio with CTCSS decode
because you're going to need it to keep your equipment
quiet from many co-channel users. The FCC has attempted
to keep the new MURS band orderly, and has clarified rules
to prohibit in-band repeaters, time-delay repeaters, and pro-
hibit tying into a telephone patch.

Computer loading
UHF channels in a
FRS/GMRS radio
from Kenwood.

watts ERP, just 12-1/2 kHz away from anyone of the first
seven channels on FRS. No wonder you are getting ham-
mered at the theme park by something off frequency!

FRS channels 8 through 14 are favorites because they
are interstitial to GMRS input frequencies. Unless you're
standing right next to someone operating through a GMRS,
you wouldn't know of interference that couldn't be tuned in
or tuned out.

GMRS channels number 8, and repeaters output low
(462 MHz), and input licensed repeater users transmit five
MHz high (467 MHz). If, and only if, the GMRS radio user
files electronically with the FCC and achieves the five-year,
$75.00 license, the license permits eight channels of GMRS
duplex operation, plus eight channels of "talk around"
GMRS repeater output simplex communications, plus
seven channels of interstitial repeater output simplex opera-
tion shared with channels 1 through 7 FRS. You can imag-
ine the collision — a half watt, 2.5 kHz (plus or minus) devi-
ation FRS signal getting hammered by a five kHz two-watt
signal hammering the FRS half-watt. GMRS licensees share
those same first seven FRS frequencies.

Bob Leef talks about a radio that can do it, too, provid-
ing the operator indeed holds a GMRS license.

"The Motorola T7200 offers 14 FRS channels, plus

There was also talk about what the

FCC would require for product identifi-
cation on the back of the equipment,
and there might even be rulemaking
that would limit the MURS handheld to
five exclusive channels only, not shar-
ing the handheld with any other radio

service. 2
between your HF transceiver

FRSIG M RS and antenna. Matching at the
transceiver is good, but matching

Now we really get into "fuzzy" fre-
quencies — mixing two distinct radio
services into one nice, neat handheld.

Family Radio Service half-watt, 2.5
kHz deviation channels equal 14 fre-
quencies. The first seven are interstitial
between eight GMRS repeater output
frequencies. This is why on an FRS
radio, you may hear "bleed over" on
the first seven channels from repeater
outputs in your operating area. Some

Smart Choice! Smartuner!

Do YOU want to be heard? OF
COURSE! Then use the SGC
Smartuner™ - the Essential link

at the antenna is better. SGC
Smartuners are designed to do
just that. They operate com-
pletely independently to provide
the best match between the feed
line and the antenna, eliminating
SWR problems completely.

s e e— ks

Visit www.sgeworld.com for more information on the entire line of Smartuners

SGC Smartuners are designed
to work with any transceiver
(including the ICOM 802) and
any antenna. They are fully
automated, intelligent enough
to select the best match be-
tween feed line and antenna in
seconds and remember it so it
can recall that match in milli-  Visit 4,

M can YOU
HEAR st

Once you've
learned how the

seconds. The Smartuner sets Ayton!

h Hard. Teas ot ooths Smartuner works,
the stap ard. It is the origina 623, 45y  youwon’t want
and still the best. 630 ¢ 4 3, anything else!

No Compromise Communications

S$G-231

GMRS repeaters may run up to 50
watts output into a 10 dB gain UHF
antenna. That works out to be 500

SGC Inc. 13737 SE 26th St. Bellevue, WA 98005 USA Tel: 425-746-6310 Fax: 425-746-6384

sge@sgeworld.com www.sgeworld.com
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eight GMRS repeater talk-around channels, plus eight
GMRS repeater duplex channels," comments Leef, pointing
out that using a mountaintop GMRS repeater normally
requires the correct subaudible tone plus explicit permis-
sion from the repeater owner. Leef also points out that
GMRS repeater (as well as simplex output talk-around) use
should be limited to professional radio traffic, not just idle
gab that would normally take place on any of the 14 FRS
frequencies. Leef further points out that FCC licensing can
be accomplished at the FCC website at www.fcc/wtb/uls.

Well-respected organizations like the Personal Radio
Steering Group (PRSG) are very concerned about market-
ing tactics that promote longer range capabilities on GMRS
channels.

"What people are buying is two-mile range and five-mile
range, so they are looking at the range, not whether it is
GMRS or FRS," comments John Normand, communica-
tions buyer for K-Mart in an interview with Twice Magazine.

"People don't care what type of radio service they are
talking on — they are only concerned about range and clar-
ity," adds Bill Alber. He points out that most no-license radio
buyers assume that any radio purchased at a regular retail
store would have no licensing requirements nor any specif-
ic rules on how the radio would be operated. It would also
be assumed that "more professional FCC license required"
radios would only be available from a professional two-way
radio commercial dealer. Not necessarily so.

Leef, at his www.rkleef.com website, assists buyers to
better understand what the radios can do, and what they
may be legally used for when operated on the air with or
without a license. His handheld comparison chart does a
nice job of making the technical easier to understand by the
first-time radio user.

Well-respected marine electronics radio manufacturer,
Garmin, goes one step further on FRS and GMRS output fre-
quencies, offering Global Positioning System (GPS) position
and direction finding. They are working under an FCC waiv-
er to give this system a test — you ask your friend with a
similar Garmin RINO FRS/GPS radio where they are, and
they push a button and a datastream comes over the same
channel they are talking on to command your Garmin
RINO radio to show their position on the screen. Their posi-
tion might show up as an icon near you, or show up with a
base map so you might more logically find out where they
are located. The rule waiver did not allow them to make this
a fully automatic function, but nonetheless, ask Suzy where
she is, and with a Garmin RINO radio, she pushes a button
and it shows up on your screen as a quarter mile away dead
ahead. That is, dead ahead if your GPS detects that you are
moving and can determine what direction you are going.
Keep in mind that a GPS without a built-in fluxgate compass
cannot determine direction when standing still with a single
antenna. Everyone else on FRS would simply hear a data-
burst containing the position information.

Now there is talk that the FCC may also open up addi-
tional no-license frequencies on selected UHF land mobile
itinerant and color dot frequencies. Time will tell. But one
thing for sure at the marketplace — millions of buyers are
turning into radio users when they see the many benefits of
short-range, license-free communications at relatively inex-
pensive prices. And if you hurry down to your local electron-
ics store, cash in on the pair of $29.00 FRS handhelds that
come with a $29.00 manufacturer rebate. Pretty good deal
for just the price of sales tax! Yes indeed, license-free radios
are an inexpensive way to stay in touch!

MAY 2003




Laptop Multimedia
Speakers

Increase the quality

Fragmaster Joystick
Controlier

Designed specially for

Rack Keyboard
& Mouse Tray

Split Loom Tubing Kit

Mini siren requiring 6/12 volts DC
with 7” leads. Dimentions
2-3/8" x 1-1/2" x 1-1/2".

High speed hobby motor boasts
over 16,000 RPM at 12 VDC. 1.2
Amp Overall size: 1-1/2”
diameter x 3" long.
W, 1/87(D) x 3/8"(L) Splined
¥ shaft. Two 2.5mm
mounting holes on face
are 1”7 0.C. This motor is also
reversible. MFG: Johnson

of sound from your personal shooter games APC )

laptop with these de- such as Quake™. 100% AR Rack %

taghable laptop speakers. Integrated digital with 10 programmable Fits in 19"

micraphone. Powers from your buttons and triggers. Easier to use rack 23 Ibs weight Great for organizing wires in your home,

o PS2port gl Sspicimer than a keyboard and mouse. Win- Gray color office or car. Kit contains 7 pieces of

required. Extra Passive speaker and dows95/98/ME compatible software ; black split loom. Sizes included are:

subwoofer jacks. Magnetically : 3 s 95 1.25"x 54", 1.25" x 38", 1.25" x 18", 1.25" x

shielded. mfg: Lucent Technologies. :l‘zlng(; Thrustmaster No0.220-0376N LD (ea.) 10",.75" x 30", .625" x 10", .375" x 11.5".

No. 220-0299N $1 295(63.) - $6°°(ea.) No. 720-0361N Retail $19.95 $ 59555 )
I . 115VAC 4-5/8" Ball

Mini 6/12 Volt Siren| | 12 VDC Hobby Motor | | 12 VDC Worm Gear Motor /

12 VDC worm gear drive motor has
two speeds. High speed is 106
RPM at 4A, and low speed is 41
RPM at .91A. A 2.25" offset is

¥ attached to the 3/8”
hreaded shaft. The
offset has a
universal joint on one
end. Originally designed as
windshield wiper motor for 2000-

Bearing Fan w/ tach

115VAC 50/60 HZ, 18
Watts, 106 CFM, 5 Blade
Metal Construction,
Metal Body Construction,
Ball Bearing, Terminal Leads,
Size: 4-5/8" SQ x 1-1/2". Fan also
has three wire signal generator
output. MFG: Papst. Manufacturer

mount. Ideal for audio
or netowking
equipment.
Unassembled with 2
base angles, 2 top
angles & harware.
Choice of charcoal

or mill finish.

No. 220-0378N (charcoal)

No. 220-0380N (mil) 69?5 (ca)

many new commercial or

home automation

systems. 24 awg solid

twisted 4 pairs. Plenum.

Color: Natural. Length

1000’ pull box. MFG

Belden,

MFG P/N: 7882A

No. 631-0334N 599 (box)

No. 631-0347N (PVC)* 6D (box)

_

Model MHSE-W-400-277F-F1. g
18" diameter aluminum
shroud with glass bottom.

277/120 V (currently wired

for 277v but can be easily
changed). Great for warehouse,
grow lights, barns or other indoor
use. This item must be shipped
oversized. Please call for shipping
charges. Used, excellent condition.
Part No. 360-0554N *$9%%,)

No. 180-0113N $q125 2001 Saturn “L” Series cars. Part Number: 4606ZH.
8% ca) [ No- 420057N e No. 420-0578N $12%ca) No.200-0671N > 171%5a)
19” Rack Mount Category 6 Plenum Wire | | 400 Watt Metal Halide | | Gentact 10~ Line
—— The latest in network wiring. Up to 1 i i
7 ft tall 19” wide rack GHZ baridwidth. Groat for use with nght with Bulb = ACtua,to,r

Operates
on 24 VDC, includes
attached 115 VAC converter. 18"
long retracted, 28” long fully
extended, 9.5" wide, 5” high.
Includes wired remote control.
Torque rating of 1300+ pounds!

Limit switch at both ends. 110 to 24
VDC converter has a safety switch.
No. 340-0001N 3 (ea.)

Lightbox with High
Intensity LED

A black mini light
box with back
lighting and a high §
intensity LED
bottom light is great
displaying your small
valuables or any
number of other items.
Measures 9.75" deep 8.25” tall and 6”
wide. The inside display area is 4”
deep 6.25” tall and 5.5” wide. Ithas a
translucent back and a hole on the
bottom for uplighting. Power comes
froma 115VAC to 12VAC wall
transformer. Back lighting comes from
a5.25” mini florescent bulb (F4T5/CW)
and bottom lighting from a circuit board
with 15 high intensity LEDs. (Fig B)

No. 360-0548N $1 5.95 (ea.)

Same as above, but with 1, “U”
florescent tube FT18DL/830)

Ne B0 21608 (o)

Locking Case / Gun

Case,_* 10.25"

high, 11

M‘“ <
_. wide (not
105, [§ including
" 1.25" for

\ = lock
brackets),

10.5” deep foam seal on outer door.
Made of heavy duty metal. Includes
knockouts on bottom for electrical
connections. Weather resistant.
No. 650-0964N $24%5ca)

Super Neodynium
Magnets

These tiny magnets

are so powerful, the

still hold strong b
through a human

finger. Each one
measures 3/8”

diameter x 3/16”

thick.

No. 380-0095N

50¢ (ea.) or 3 for $1°°

T1000VA
Uninterruptible
Power

Supply

Only 7" x 8.8" x 17.1"
and weighs 43 Ibs.
Has 6 protected
outlets and a network interface
surge protection. MFG: NCR MFG
P/N: 4071-1020-7194

No. 220-0314N $179%ca)

SL Waber Power Strips

Features

PartNo. Outlets Length

Price

280-0412N 9 36" 15A, 120V, permanent mount
280-0413N 8 60" 15A, 120V, permanent mount
2800406N 16 48" 15A, 125V wicord & switch, 26' cord$ 3420
280-0409N 10 48" 20A, 125V w/cord, grey, 5'cord
280-0405N 10 48" 15A, 125V w/cord, grey, 6'cord
280-0423N 6 19" 20A, 125V rackmount, 6' cord

$19°°
$19°°

$24°°

$29°°
$19°%

340 E. First Street

Dayton, Ohio 45402

Toll Free Phone:

1-800-344-4465

Toll Free Fax:

Order Online:

Minimum order: $20.00 plus
shipping and $4.00 handling

1-800-344-6324
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Elenco!.s El.ectronic by Fred Blechman
Snap Circuits

Leaming electronics is a snap
with these educational kits.

ack in the late 1930s and early 1940s,
Bwhen I had become old enough to read,

write, walk, talk, and chew gum at the same
time, | became fascinated with simple mechanical
and electrical toys. Not only did [ have an Erector
Set, Tinkertoys, and Lincoln Logs (no Lego Bricks
in those days) — and, of course, a Lionel toy train
layout — but | also had a bunch of switches, bells,
buzzers, and small lights.

When [ wasn't building a bridge with my Erector
Set, or a spindly airplane with the Tinkertoy spools
and sticks, | would make up simple battery-
operated "burglar-alarm" circuits. Or play with a
"cat's whisker" on a galena crystal using a high-
impedance earphone and a bedspring for an anten-
na to listen to local radio stations. Technology at
the time was simple. And | learned to have a great
respect for 117 volts AC when | decided one day
to cut a line cord that was plugged into the wall!
E-e-0-0-0-w-w-w!

But these days it's difficult for a child — or even
an adult — to learn the very basics of electronics. In
the "old days," the basic electronic components
were resistors, capacitors (we called them "con-
densers" then), inductors, and vacuum tubes. Then
selenium and silicon rectifiers came along. But
today, with the advent of a bewildering array of tran-
sistors, integrated circuits, microprocessors, and
microcontrollers, it is more a matter of properly
arranging and interconnecting modular parts to
form complete devices.

And so it is not surprising that Electronic Snap
Circuits™ have now become available. Elenco Snap
Circuit Kits use building blocks that snap onto a
plastic base and snap together to form complete
electrical and electronic circuits. No tools are need-
ed, and no soldering is involved. Each block has a
switch, resistor, capacitor, inductor, diode, transis-
tor, integrated circuit, lamp socket, microphone,
motor, or speaker — or maybe for the purpose of
connecting between parts. The blocks are in differ-
ent colors and have numbers on them so they are
easily identified. The "conductor" connecting
blocks come in different lengths. Some circuits use
supplied alligator-clip jumper wires to make unusu-
al connections. This will all become clear as exam-

MAY 2003



ple circuits are shown later in this article.

An included large clear plastic base grid has evenly
spaced posts for the different blocks to snap onto. To help
in assembly, the base has rows labeled A-G, and columns
labeled 1-20 to agree with the clear, colored diagrams pro-
vided for each "project" (circuit). The diagrams also indi-
cate at which "level" a block is placed, since blocks can
snap above each other. Level 1 blocks go on the grid first,
then Level 2 parts snap onto Level 1 parts, then Level 3,
etc. It's really very simple and easy to follow from the
excellent project diagrams.

Each project is powered by two "AA" batteries, so
there is no danger involved — although while building the
projects, be careful not to accidentally make a direct con-
nection across the battery holder (a "short circuit"), since
this will quickly drain the batteries.

Look at Figure 2 (Project #1) to get the idea of a sim-
ple snap circuit to show how electricity is turned on and off
with a switch. First notice the grid locations: C-E and 2-6.
Note that each block has an identifying number on it. The
blocks with a small black number next to them are
snapped onto the plastic grid first at the grid locations
shown.

In this project, Number 19 Battery Holder, Number 18
Lamp Socket, Number 14 Switch, and Number 3 Three-
Snap Conductor are snapped onto the grid first. Then four
Number 2 Two-Snap Conductors are snapped on the
already installed parts, and the circuit is complete. Add the
batteries (polarity as shown) in the holder, screw the sup-

plied bulb into the lamp socket, and close the switch.
Current flows from the batteries through the switch and the
bulb in this "closed" circuit, and the bulb lights. Turn the
switch off and the light goes off because the circuit is now
"open."

Of course, the projects get more complex and more
interesting — 100 projects in the smaller kit (see below)
and 300 projects in the larger kit. Just follow the colorful
diagrams in the Instruction Manuals and you can build an
AM radio, various types of alarms and motorized toys,
flashing lights, doorbells, logic circuits, games, and much
more.

Figure 3 shows Project #3, a Sound Activated Switch.
A MUSIC IC (integrated circuit) plays music through the
speaker when the Whistle Chip is tapped or activated by
sound. While no schematics of the circuits are provided, so
there is some "mystery" about how the solid-state integrat-
ed circuit blocks are connected, children and adults from
8 to 108 can enjoy hours of educational fun while learning
about some basic electricity and electronics. It could be
the first steps for a budding Alexander Graham Bell,
Thomas Edison, Nikola Tesla ... or Bill Gates!

A kit of 30 parts (Model SC-100) with an Instruction
Manual to build over 100 projects sells for $29.95. A larg-
er kit, with 60 parts (Model SC-300) and two Instruction
Manuals for a total of 300 projects sells for $59.95. The
source is C&S Sales, Inc.,, 150 W. Carpenter Avenue,
Wheeling, IL 60090. Phone is (800) 292-7711. Their web-
site is www.cs-sales.com. MV

|-Tiny 1.2" X 3.0" Perfect for Embedding
| -Digital Signal Processor, Up to 40 MIPS
|-12 PWM Outputs

| -8 Channels of 12-Bit A/D

|-RS-232, RS-485, CAN, SPI, JTAG

| -48 Additional I/O Lines

'|-64 Bytes Prog. 8K Bytes Data Flash

| -Interactive Development with IsoMax

| State Machine Language Included
|-Small C Cross Compiler

1-$99.00 single Unit

| For more infomation, or to order on line visit

wWwWw.newmicros.com

New Micros, Inc.
1601 Chalk Hill Rd. Dallas, Tx. 75212 USA P(214)-339-2204 F(214)-339-1585
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by Ray

ast month’s opening episode of this two-part mini-
series described basic ‘OTA’ operating principles,
““and took a close look at the popular and widely avail-
able CA3080 OTA IC. The CA3080 is actually a simple,
first-generation OTA that generates fairly high levels of sig-
nal distortion and has a high-impedance unbuffered out-
put. This month’s concluding episode describes an
improved second-generation OTA IC — the LM13700 —
which does not suffer from these snags.

The LM13700 is actually a dual OTA, as indicated by
the pin connection diagram in Figure 1. Each of its OTAs
is an improved version of the CA3080, and incorporates
input linearizing diodes that greatly reduce signal distor-
tion, and have an optional buffer stage that can be used to
give a low impedance output. The LM13700 is, in fact, a
very versatile device, and can easily be made to act as a
voltage-controlled amplifier (VCA), voltage-controlled
resistor (VCR), voltage-controlled filter (VCF), or voltage-
controlled oscillator (VCO), etc.

LINEARIZING DIODES

The CA3080 OTA consists of (as described last
month) a differential amplifier plus a number of current
mirrors that give an output equal to the difference
between the amplifier’s two collector currents, as shown in
the simplified circuit in Figure 2. A weakness of this circuit
is that its input signals must be limited to 25mV peak-to-
peak if excessive signal distortion is not to occur. This dis-
tortion is caused by the inherently non-linear V,.-to-l.
transfer characteristics of Q1 and Q2.

Figure 3 shows the typical transfer characteristics
graph of a small-signal silicon transistor. Thus, if this tran-

Diode OTA inputs Buffer
lhias  bias *) O] Out v+ Cin Out

e 18 Hew HE K2 M Jwo Je

1 2 i R le |7 8

Diode , (+) ) Out V- In Out

bias ‘—————" L L
OTA inputs Buffer

sistor is biased at a quiescent collector current of 0.8mA,
an input signal of 10mV peak-to-peak produces an output
current swing of +0.2mA to -0.16mA, and gives fairly
small distortion. But an input swing of 30mV peak-to-peak
produces an output swing of +0.9mA to -0.35mA, and
gives massive distortion. In practice, the CA3080 gives
typical distortion figures of about 0.2% with a 20mV peak-
to-peak input, and a massive 8% with a 100mV peak-to-
peak input.

Figure 4 shows the basic ‘usage’ circuit of one of the
improved second-generation OTAs of the LM13700, which
is almost identical to that of the CA3080, except for the
addition of linearizing diodes D1 and D2, which are inte-
grated with Q1 and @2, and thus have characteristics
matched to those of the Q1 and Q2 base-emitter junc-
tions. In use, equal, low-value resistors — R1 and R2 — are
wired between the inputs of the differential amplifier and
the common supply line, and bias current I, is fed to them
from the positive supply rail via R3 and D1-D2 and, since
D1-D2 and R1-R2 are matched, divides equally between
them to give R1 and R2 currents of [5/2.

The circuit’s input voltage is applied via R4 (which is
large relative to R1) and generates input signal current I,
which feeds into R1 and thus generates a signal voltage
across it that reduces the D1 current to (Ip/2) - Ii. The Ip
current is, however, constant, so the D2 current rises to
(Ip/2) + l,. Consequently, the linearizing diodes of the
Figure 4 circuit apply heavy, negative feedback to the dif-
ferential amplifier and give a large reduction in signal dis-
tortion. If I, is small relative to I, the output signal current
of the circuit is equal to 2 x I x (Ipias/Ip)- Thus, the circuit’s
gain can be controlled via either ;5 or Ip.

The OTAs of the LM13700 can be used as simple
OTAs of the CA3080 type by ignoring the presence of the
two linearizing diodes, or can be used as low-distortion
amplifiers by using the diodes as shown in Figure 4. The
graph in Figure 5 shows typical distortion levels of the
LM13700 at various peak-to-peak values of input signal

voltage, with

v+ and without the
S use of lineariz-
Cn':i'rfr%':‘ Y %, ing diodes.
system e =\zn x19m Thus, at 30mV

input, distortion
is below 0.03%
with the diodes,
but 0.7% with-
out them, and
ov at 100mV,
input is roughly
0.8% with the
diodes, but 8%
without them.

= Vi X 20 X lyjag
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Current
mirror
system

Figure 6 shows the
internal circuit of each
half of the LM13700 IC
package. If this circuit is
compared with that of
the CA3080 shown last
month, it will be seen to
be broadly similar
except for the addition
of linearizing diodes D1-
D2 to the inputs of the
OTA's Q1-Q2 differential
amplifier, and the addi-
tion of output transistors Q11-Q12, which are configured
as a Darlington emitter follower buffer stage and can (by
wiring its input to the OTA output and connecting Q12
emitter to the negative rail via a suitable load resistor) be
used to make the high-impedance output of the OTA avail-
able at a low-impedance level. Note in this latter case that
the output of the buffer stage is two base-emitter volt drops
(about 1.2V) below the output voltage level of the OTA, so
this buffer is not suited for use in high-precision DC ampli-
fier applications.

The two OTAs of the LM13700 share common supply
rails, but are otherwise fully independent. All elements are
integrated on a single chip, and the OTAs have closely-
matched characteristics (gm values are typically matched
within 0.3dB), making the IC ideal for use in stereo VCA
and VCF applications, etc. The standard commercial ver-
sion of the LM13700 can be powered from split supply
rails of up to +18V, or single-ended supplies of up to 36V.
In use, I and l,;,s should be limited to 2mA maximum, and
the output current of each buffer stage should be limited to
20mA maximum.

Figure 4.

EEl"T¢

Figure 7 shows a practical voltage-controlled amplifier
(VCA) made from half of an LM13700 IC. Here, the input
signal is fed to the non-inverting terminal of the OTA via
current-limiting resistor R4, and the high-impedance out-
put of the OTA is loaded by R5, which determines the peak
(overload) amplitude of the output signal in the way
described last month. The output signal is made available
to the outside world at a low-impedance level via the buffer
stage, which is loaded via R6.

The Figure 7 circuit is powered from dual 9V supplies.
The Iy current is fixed at about 0.8mA via R1, but I, is
variable via R7 and

- 680

650

Vpe, MV

roughly x1.5. The voltage gain is fully variable within these
two limits via the gain-control input. The two halves of the
LM13700 have closely-matched characteristics, making
the IC ideal for use in stereo amplifier applications. Figure
8 shows how two amplifiers of the Figure 7 type can be
used together to make a voltage-controlled stereo amplifi-
er. Note, in this case, that the l,;,; gain-control pins of the
two OTAs are shorted together and fed from a single gain-
control voltage and currentlimiting resistor. The close
matching of the OTAs ensures that the gain-control cur-
rents divide equally between the two amplifiers.

Note that the Figure 7 and 8 circuits act as non-invert-
ing amplifiers, since their input signals are fed to the non-
inverting pins of the OTAs. They can be made to act as
inverting amplifiers by simply feeding the input to the
inverting pins of the OTAs.

The VCA circuit in Figure 7 can be used as an ampli-
tude modulator or two-quadrant multiplier by feeding the
carrier signal to the input terminal, and the modulation sig-
nal to the gain-control input terminal. If desired, the gain-
control pin can be DC biased so that a carrier output is
available with no AC input signal applied. Figure 9 shows
a practical example of an inverting amplifier of this type.
The AC modulation signal modulates the amplitude of the
carrier output signal.

Figure 10 shows how half of an LM13700 can be used
as a ring modulator or four-quadrant multiplier, in which
zero carrier output is available when the modulation volt-

age is at

zero (com- 40

mon supply 55 4
rail)  volts, /I

10

but increas-
es when the

40
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age is at the nega-
tive rail value of -9V,
lhias is zero and the
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all ‘gain’ of -80dB.
When the gain-con-
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modulation voltage moves positive or negative relative to
zero. When the modulation voltage is positive, the carrier
output signal is inverted relative to the carrier input, and
when the modulation voltage is negative, the carrier is
non-inverted.

The Figure 10 circuit is shown with values suitable for
operation from dual 15V supplies, but is essentially simi-
lar to the Figure 9 circuit, except that R5 is connected
between the input signal and the output of the OTA, and
Ipias is “pre-settable” via RV1. The basic circuit action is
such that the OTA feeds an inverted (relative to the input)
signal current into the bottom of R5, and at the same time,
the input signal feeds directly into the top of R5. RV1 is
pre-set so that when the modulation input is tied to the
zero volts common line, the overall gain of the OTA is
such that its output current exactly balances (cancels) the
direct-input current of R5, and under this condition, the cir-
cuit gives zero carrier output.

Consequently, when the modulation input goes posi-
tive, the OTA gain increases and its output signal exceeds
that caused by the direct input into R5, so an inverted out-
put carrier is generated. Conversely, when the modulation
input goes negative, the OTA gain decreases and the
direct signal of R5 exceeds the output of the OTA, and a
non-inverted output signal is generated.

OFFSET BIASING

The circuits in Figures 7 to 10 are shown with OTA
input biasing applied via 470R resistors wired between the
two input terminals and the zero volts rail. In practice, this
simple arrangement may cause the DC output level to
shift slightly when the I;,; gain-control is varied from min-
imum value. If desired, this shifting can be eliminated by
fitting the circuits with a pre-settable offset adjust control
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as shown in Figure 11, enabling the biasing resistance val-
ues to be varied slightly. To adjust the offset biasing,
reduce I, to zero, note the DC level of the OTA output,
then increase l;,s to maximum and adjust RV1 to give the
same DC output level.

AN AUTOMATIC GAI
CONTROL AMPLIFIER

In the Figures 7 to 10 circuits, the amplifier gain is
varied by altering the I, value. A feature of the
LM13700, however, is that its gain can be varied by alter-
ing either the l;;,5 or the Iy current, and Figure 12 shows
how the Iy variation can be used to make an automatic
gain control (AGC) amplifier in which a 100:1 change in
input signal amplitude causes only a 5:1 change in out-
put amplitude.

In this circuit, I, is fixed by R4, and the output sig-
nal is taken directly from the OTA via R5. The output
buffer is used as a signal rectifier — fed from the output of
the OTA — and the rectified output is smoothed via R6-
C2, and used to apply the ID current to the OTA’s lineariz-
ing diodes. Note, however, that no significant ID current is
generated until the OTA output reaches a high enough
amplitude (3 x V., or about 1.8V peak) to turn on the
Darlington buffer and the linearizing diodes, and that an
increase in I reduces the OTA gain and — by negative
feedback action — tends to hold V;; at that level.

The basic zero Iy gain of this amplifier is x40. Thus,
with an input of 30mV peak-to-peak, the OTA output of
1.2V peak-to-peak is not enough to generate an I current,
so the OTA operates at full gain. At 300mV input, howev-
er, the OTA output is enough to generate significant I cur-
rent, and the circuit’s negative feedback automatically
reduces the output level to 3V6 peak-to-peak, giving an
overall gain of x 11.7. With an input of 3V, the gain falls to
x2, giving an output of 6V peak-to-peak. The circuit, thus,
gives 20:1 signal compression over this range.
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trolled resistor (VCR),
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theory here is quite sim-

Ay i T

ple — if an AC signal is
applied to the R, termi-
nals, it will feed to the
OTA’s inverting termi-

nal via C1 and the

buffer stage and

the R/RA attenua- 1003

tor, and the OTA

will then generate RA

an output current N
proportional to the |ov R1

Vi, and l;,s values. ATV

Thus, since R =

E/l, the circuit’s R,
terminal acts like
an AC resistor with
a value determined
by lbias‘

The effective resistance value of the R, terminal actu-
ally equals (R + RA)/(gm x RA), where gm is roughly 20 x
lpias- This formula approximates to R, = R/(l,i,s X 20RA),
so, using the component values shown in the diagram, R,
equals roughly 10M at an l;,s value of 1uA, and 10k at an
lhias Of ImA. Figure 14 shows a similar version of the VCR,

where the linearizing diodes are used to effectively improve |

the noise performance of the resistor, and Figure 15 shows
how a pair of these circuits can be used to make a floating
VCR in which the input voltage is direct-coupled and may
be at any value within the output voltage range of the
LM13700.

VOLTAGE-CONTROLLED

An OTA acts basically as a voltage-controlled AC cur-
rent source, in which an AC voltage is applied to the ampli-
fier's input, and the magnitude of the output current
depends on the value of I,;,.. This fact can be used to
implement a voltage-controlled low-pass filter by using
half of an LM13700 in the configuration shown in Figure
16, in which the values of R, C, and I,;,, control the cut-off
frequency, f,, of the filter. The operating theory of this cir-
cuit is as follows.

Assume, initially, that capacitor C is removed from the
circuit. The input signal is applied to the OTA’s non-invert-
ing terminal via potential divider R1-R2, and the OTA’s out-
put is followed by the buffer stage and fed back to the
inverting input via an identical divider made up of R and
RA. The basic OTA thus acts as a non-inverting amplifier
with a gain of R/RA but, since the input signal is fed to the
OTA via a potential divider with a value equal to R/RA, the
circuit acts overall as a unity-gain voltage follower.

Assume now that capacitor C is fit into place. At low
frequencies, C has a very high impedance and the OTA
output current is able to fully charge it, causing the circuit
to act as a voltage follower in the way already described.
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As the frequency increases, however, the impedance (X) of
C decreases and the OTA output current is no longer able
to fully charge C, and the output signal starts to attenuate
at a rate of 6dB per octave. The cut-off point of the circuit
— at which the output falls by 3dB — occurs when
XC/20xl;,s equals R/RA, as implied by the formula in the
diagram. With the component values shown, cut-off occurs
at about 45Hz at an l,,;,; value of 1pA, and at 45kHz at an
Ipias Value of 1mA. A similar principle to the above can be
used to make a voltage-controlled high-pass filter, as
shown in Figure 17. This particular circuit has, with the val-
ues shown, cut-off frequencies of 6Hz and 6kHz at I, cur-
rents of 1puA and 1mA, respectively.

Numbers of filter stages can easily be cascaded to
make multi-pole voltage-controlled filters. The excellent
tracking of the two sections of the LM13700, make it pos-
sible to voltage-control these filters over several decades of
frequency. Figure 18 shows the practical circuit of a two-
pole (12dB per octave) Butterworth low-pass filter having
cut-off frequencies of 60Hz and 60kHz at l;,s currents of
1pA and 1mA, respectively.

To conclude this look at applications of the LM13700,
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= | both halves of the LM13700, and simultaneous-

Vin o 23k o wotage- | ly generates both triangle and squarewaves. The

Figure 20 design uses only half of the IC, and

generates squarewaves only.
To understand the operating theory of the

14
R2
220R 4%

ov RA [13
220R

C is negatively charged and that the squarewave
output signal has just switched high. Under this
condition, a positive voltage is developed across
RA and is fed to the non-inverting terminals of

Figure 19 circuit, assume initially that capacitor
|

Figures 19 and 20 show two ways of using the IC as a volt-
age-controlled oscillator (VCO). The Figure 19 circuit uses
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ee d er £ DATA e, RS'232\
Technologies £ sweeTs 2 Stackable
1-71 0-B Brighton Cove, Ft Walton Beach, FL 32547 ~ 850-863-5723

ital /O Module - 14 I/O channels individually configured for input or output. Turn
off relays. Sense switch transitions, button presses and 4x4 matrix decoding using
auto-debounce and typematic repeat with adjustable delay. One-shot pulse output. $59

Analog Input Module - 8 single-ended or 4 differential inputs. Self-calibrated, 12-bit
ADC, reads voltages from 0 to 4095 mV. High & Low alarm trip-points for each input. $69

Analog Output Module - 4 outputs that span -10 to +10 volts using 12-bit DAC. Built-in
ramp generator, software calibrated, user selectable POR defaults for each channel. $89

Stepper Motor Driver - Directly drives a unipolar stepper motor rated up to

30VDC @ 2A. Self-generated S-curve accel/decel profiles provide

smooth start and stop motion. Software programmable ramp-rate,

' velocity and idle current. Single-phase, dual phase, & half-step
3 drive modes. 24-bit absolute motor position counter.

Pulse Counter/Timer - Read frequenc}( 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
vsloc:ty of a projectile using a pair of
trip wires. 24-bit pulse count
accumulator for event counting.  $79

Solid State Relay Module - 5 opto

end-to-end isoiated| relays canbbe wired cc|iiret';tlg(|’l to
existing low-current buttons and switches

Stack 32 modules on to provide software control of their
\the same RS-232 cable. operation. Built-in event sequencer.  $69 )
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the two amplifiers, which are both wired in the
voltage comparator modes.

This voltage makes amplifier A1 generate a
positive output current equal to the bias current,
Ic, and this flows into capacitor C, which gener-
ates a positive-going linear ramp voltage that is fed to the
inverting terminal of A2 via the Darlington buffer stage
until, eventually, this voltage equals that on the non-invert-
ing terminal, at which point the output of A2 starts to
swing negative. This initiates a regenerative switching
action in which the squarewave output terminal switches
abruptly negative.

Under this condition, a negative voltage is generated
across resistor RA, causing amplifier Al to generate a neg-
ative output current equal to Ic. This current causes capac-
itor C to discharge linearly until, eventually, its voltage falls
to a value equal to that of RA, at which point the square-
wave output switches high again. This process repeats ad
infinitum, causing a triangle waveform to be generated on
R2 and a squarewave output to be generated on R4.

The waveform frequency is variable via the voltage-
control input, which controls the value of I. With the com-
ponent values shown, the circuit generates a frequency of
about 200Hz at an Ic current of 1pA and 200kHz at a cur-
rent of ImA.

Finally, Figure 20 shows a single-amplifier VCO circuit
which generates a squarewave output only. The circuit
operates in a similar manner to that described above,
except that ‘C’ charges via D1 and discharges via D2,
which generates a ‘polarity’ signal on the non-inverting ter-
minal of the amplifier. M3
MAY 2003
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[ Deluxe Soldering Stations |

Elenco Model M-1740

$1 9.95

11 Functions:

« Freq. to 20MHz

* Cap. to 20uF

+ AC/DC Voltage

« AC/DC Current

* Beeper

« Diode Test

* Transistor Test

* Meets UL-1244
safety specs

Elenco Model LCR-1810

589.95

+ Cap. 0.1pF o 204F
+ Inductance 1uH fo

* DC Volts 0 - 20V

* Freq. up to 15MHz

* Diode/Audible
Continuity Test

* 3 1/2 Digit Display
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LcD

10 4MHz
* Cap. to 400uF

* Res. to 4,000MQ
+ Logic Test

Test

Test

Elenco Model LCM-1950

+ Large 1" 3 3/4 Digit

* Autoranging Freq
* Inductance to 40H

* Diode & Transistor

* Audible Continuity

Elenco Model CM-1555

$29.95

« Measures capacitors
from 0.1pF 1o
000

@
lead compensation.

» Banana jack and
special insertion jack

included.

« Compact size|
stand and
holster

e , Test Equipment

Elenco Digital / Analog Trainer

Model XK-150 $89 95

Features:

+ 830-pin Breadboard
* 8 Data Switches

* 8 LED Buffered Readouts

* Built-in Function Generator
(sine & square wave)

* Built-in Clock Generator L
* Variable Power Supply

"

Elenco Multi-Network Cable Tester
Model TCT-255 N

This tester is a convenient instrument for testing

different RJ-11 and RJ-45 connectors and coax

cables. Cables can be tested before and after they

are installed.

* Mapping Function

+ Tests cables before or after their installation

* Cable Identification (straight or reverse)

« Pair identification (straight or reverse)

+ Open or Short Testing

+ Low Battery Indicator

« Auto Power-Off Function (30 5.) s
Soft Vinyl Zippered Case (Model C-90) included! e

TCT-255K - Multi-Network Cable Tester Kit - $39.95

Elenco Handheld
Universal Counter
1MHz - 2.8GHz
Model F-2800

‘99

Sensitivity:

Elenco Quad Power Supply
Model XP-581

4 Fully Regulated Power Supplies in 1 Unit

4 DC Voltages: 3 fixed; +5V @ 3A, +12V @ 1A,
1 variable; 2.5 - 20V @ 2A « Fully Regulated &
Short Protected * Voltage & Current Meters « All
Metal Case

*<1.5mV @ 100MHz
*<5mV @ 250MHz
*<5mV @ 1GHz
*<100mV @ 2.4GHz

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

Includes antenna, NiCad battery, and AC
adapter.

C-2800 Case w/ Belt Clip....... $14.95

Elenco Power Supply
Model XP-603

* 0-30VDC @ 3A Output

« 3A Fused Current Protection

» Current Limiting Short Protection
+0.025Q Output Impedance

20MHz Sweep / Function Generator
with Frequency Counter Model 4040A

* 0.2Hz to 20MHz

* AM & FM Modulation

« Burst Operation

« External Frequency Counter
to 30MHz

* Linear and Log Sweep

10MHz Model 4017A

5MHz Model 4011A $259

2MHz Model 4010A $225

BK PRECISION
ECISICN

Elenco RF Generator
with Counter (100kHz - 150MHz)
Model SG-9500

¢ S———

m—m . = 5235
® o

Features internal AM mod. of 1kHz, RF output
100MV - 35MHz. Audio output 1kHz @ 1V
ms.

SG-9000 (analog, w/o counter) $135

Elenco 3MHz Sweep Function
Generator w/ built-in 60MHz
Frequency Counter

Model GF-8046

-

Generates square, triangle, and sine waveforms, and

TTL, CMOS pulse. $q 99.95

GF-8025 - Without Counter $139.95

Discounts
Available

Elenco SL-5 Series
Electronically controlled, ideal for professionals, students, and
hobbyists. Available in kit form or assembled.
As Low As

$99 9%

Features:

» Cushion Grip Handle
Soldering Iron (optional) with
Grounded Tip for Soldering
Stati¢-Sensitive Devices.
Easily Replaceable. Uses
Long-Life, Plated Conical Tip.

v _Heavy Steel, Non-Slip Base.

% 1 « fron Holder Funnel -

‘ Reversible, left or right side.
Ordering Information:

Works w/ any
iron! Turn

any soldering
iron into a
variable iron,

Stee| Fray for Sponge Pad.
» Sponge Pad.

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

95
22.
Model SL-5-40 - Includes 40W UL iron. 527 95
(Kit SL-5K-40) .
Weller® Low Cost Soldering Iron
Model WLC100

Variable power control
produces 5-40 watts.

Ideal for hobbyists, DIYers
and students.

Complete with 40W iron.

332_95

Elenco Oscilloscopes
Free Dust Cover and x1, x2 Probes
2 year Warranty
$-1330 25MHz Delayed Sweep $439
S-1340 40MHz Dual Trace $475
S$-1345 40MHz Delayed Sweep $569
S-1360 60MHz Delayed Sweep §725
100MHz Delayed Sweep $895

$-13%0

weaees | .
= .special

o.1325 25MHZ

DIGITAL SCOPE SUPER SPECIALS
DS-203 20MHz/10Ms/s AnalogDigital  $695
DS-303 40MHZ/20Ms's Analog/Digital  $850
DS-603 60MHZ/20Ms/s Analog/Digital  $950

@

|Elenco Educational Kits|

|  Electronic Science Lab |

E Elenco Snap Circuits™ |

Elenco’s new Snap Circuits™ make leaming electronics a “snap”. Just follow the colorful pictures in out
manual and build over 300 projects, such as AM radios, burglar alarms, flash lights, doorbells, and much
more. You can even play electronic games with your friends. All parts are mounted on plastic modules
and snap together with ease. Enjoy hours of educational fun while learning about electronics. You can

even create your own experiments! No tools required.

Guaranteed Lowest Prices

UPS SHIPPING: 48 STATES 6% (Minimum $6.00)

OTHERS CALL FOR DETAILS
IL Residents add 8.5% Sales Tax

SEE US ON THE WEB

” 5C-300 - 300 experiments

Short Wa

Model MX-901SW
ve Radio Kit

Model AM-780K
Two IC Radio Kit

59.95

Model AK-700 Model RCC-7K
& Pulse/Tone Radio Control Car Kit
v Telephone Kit $97.95 =

Flashing Neon Lights | .7 Functions
Great School Project

R

+ Transmitter
Included

C&S SAL

$59.95 AK-870 (non-soldering) - $27.95
SC-100 - 100 experiments ~ *29.95 Mel M;,V?:s; g ;(w Arrjplme'
* 18 Ranges
R oo e
+ Transistor Test
* Diode Test Sl

51 8.95

ES,

K2637 - 2.5W Audio Amplifier - $10.50

INC.

W. CARPENTER AVENUE
WHEELING, IL 60090

FAX: (847) 541-9904
http://www.cs-

(847) 541-0710
sales.com

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

Everything you need to build 500 exciting electronic

projects:

* Learn the basics of electronics. 500
different electronic experiments, special
lighting effects, radio transmitter and
receivers, sound effects, cool games and
MORE

* Includes built-in breadboard and an LCD

* Explore amplifiers, analog and digital
circuits plus how to read schematic
diagrams.

* Includes 11 parts.
« Lab-style manual included.
* Requires 6 “AA" batteries.

MX-908 - 300-in-1 Lab

$59.95

MX-907 - 200-in-1 Lab $44.95 $
MX-906 - 130-in-1 Lab $29.95 1 49
EP-50 - 50-in-1 Lab $18.95

15 DAY MONEY BACK GUARANTEE

2 YEAR FACTORY WARRANTY
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Microchip Technology Invites
Designers to Free Embedded
Solutions Seminars

Seminars offer engineers introduction to
designing with Microchip's wide range of
product offerings for embedded control systems

icrochip Technology is offering free, half-day
Embedded Systems Seminars at various locations

ém Wert
Dsoxe ...

| this totally cool

Musical Water
Fountain

| throughout North America, United Kingdom, Erie, and

South Africa, running from May 5 to June 26.

Attendees will learn about the latest Microchip product
offerings through discussion and solution-based
demonstrations. For example, instructors will show how
Microchip's PIC® microcontrollers with nanoWatt
technology conserve power through a demonstration that

| measures temperature powered by a grapefruit. Another

tutorial provides an introduction to the MCP6S2x,
Microchip's new programmable gain amplifier family,
which enables users to have digital control of the analog
domain, with the integration of an amplifier, MUX, and gain
control selected via a SPI™ bus.

Other topics include various connectivity solutions;
the importance of migration and compatibility in PIC
microcontrollers from simple, mechatronic to complex
applications; and the Company's development systems,
such as the MPLAB® |Integrated Development
Environment, programming and debugging tools like the
PICKkit™ 1 programmer, and the MPLAB In-Circuit
Debugger.

The seminars are ideal for designers who are looking
for solutions to embedded control challenges and are
not yet familiar with Microchip's product offerings.
Design engineers and engineering managers will benefit
from the seminars by learning about solutions and
interfacing with the Microchip staff familiar with

NUTs & Vours

‘62 PCBs |

And our layout software is FREE!

| apressPUH - 2\ Projects) ML ontroller\MLLontraller.peb.

Fle Edt View Layout Hebp

(8] o] Jalsn F| Bl

=

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 service and get three top quality

Download our FREE layout software
\

2.5" x 3.8" PCBs for $62 — shipping included!

expresspcb.com |

IndustroLogic’

3201 Highgate St. Charles, MO 63301 USA
(636) 723- 4000 (800) 435-1975

www.industrologic.com

RIO-8-LL and RIO-8-0C $59
Eight 10 amp relays for your micro.
Logic level or open-collector drive.

Can be split into two 4 relay boards!

The Industrologic Advantage:
Power supply, cable, and software
included with most products - no
hidden charges for “accessories”!

T51 $49
Atmel 89C2051, 9 digital /O, on-
board Tiny Machine Basic, serial
EEPROM, plus plug-in boards.

SBC-1 $199  (With 12 bit A/D - $219)
Intel 80C51, EEPROM, 8 bit A/D, RAM,
real time clock, 50 digital I/O, industrial
1/0 connectors, on-board Tiny Basic.

RS51-SPR $49
Microcontroller based
addressable and
chainable 10 amp
RS-232 relay.

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

boards or as standalone
industrial controllers!

Complete control
systems for the
price of an SBC.

TC51 $129
Atmel 89C4051, serial EEPROM, two 12
bit A/D, four digital /O, four 10 amp
relays, plus on-board Tiny Machine
Basic with LCD support - a full
featured control system.

RC51 $129
Atmel 89C2051, serial EEPROM,
eight 10 amp relays, 4 digital /O,
Tiny Machine Basic - a complete
relay control system.
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embedded design. Registration is currently available,
however, space is limited. More information regarding the
Embedded Systems Seminars, including sites and
corresponding dates, can be found at the company's web
site at www.microchip.com/seminars.

The Angle Finder "3-D Level”

he 3-D Level is a unique new concept utilizing
cutting-edge MEM technology. It makes an
impossible angle measure possible and changes the way

eliminating unnecessary equipment. This unit is
affordable to the small consumer. (The cost is less than
$150.00.) The unit works on an automotive low-cost
MEM (Micro Electro Machine) in combination with filters,
a micro processor, and complex software. You reset the
unit at the reference point, then move the level to the
angle to be found, and the degrees of displacement
around that axis is displayed on the display. The angle
finder 3-D Level works on any plane or axis. Many new
tools and instruments will evolve from this patented
technology.

we have done things since the stone ages. This amazing
tool is very useful in numerous industries. It lowers the
cost by saving time and labor, and decreases the chance
of mistakes. It also saves money on tooling cost by

Applications, Users, and Industries

Metal-

Construction; Landscaping; Remodeling;

Phone: (719) 520-5323
Fax: (719) 520-1867

microngineering Labs She i

Developmenf Tools for PICmicro MCUs Colorado Springs, CO 80960

EPIC Programmer - $59.95 Books on PicBasic and PICmicro MCUs

Programming PIC Microcontrollers with PicBasic $49.95
Experimenting with the PicBasic Pro Compiler $39.95
PIC Basic - An Introduction $34.95
PIC Microcontroller Project Book $29.95
Easy Microcontrol'n $29.95
Time'n and Count'n $34.95
Microcontroln Apps - PIC MCU Application Guide $44.95
Serial Communications Using PIC Microcontrollers $49.95

Order online at:
www.melabs.com

LAB-X Experimenter Boards

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

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

Progranming PIC
Tticrocontrollers With
DirBas

Low cost programmer for PIC12Cxx,
12CExxx, 12Fxxx, 14Cxxx, 16C505,
55x, 6xx, 7xx, 84, 9xx, 16CE62x,
16F0x, 17C7xx, 18Cxxx, and 18Fxxx
microcontrollers. Can be used for
In-Circuit programming. Connects
to parallel port. Software included
for DOS and Windows 9x/ME/2KIXP.

EPIC Assembled $59.95
EPIC Bare PCB $34.95
40/28 pin ZIF Adapter $34.95
AC Adapter $9.95
EPIC Bundle $99.95
(bundle includes EPIC, AC Adapter,
25-pin Cable, and 40/28 pin ZIF)

PICProto Prototype Boards

PICProto3 for 28-pin PICmicro MCUs (3" x 3") $14.95
PICProto4 for 8-pin or 14-pin (1.5" x 3") $9.95
PICProto8 for 8-pin (1.2" x 2) $8.95
PICProto18 for 18-pin (1.5" x 3") $9.95
PICProto18L for 18-pin (3.6" x 4.1") $19.95
PICProto64 for 40-pin (3.6" x 4.1") $16.95
PICProtoUSB for 28-pin or 40-pin (3.6" x 4.1") $19.95
PICProto80 for 64 or 80-pin TQFP (3.6" x4.1") $19.95
PICProto80 with pre-soidered PIC18F8720 $60.00

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

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

PicBasic Compiler $99.95
PicBasic Pro Compiler ~ $249.95

A

World’s Largxt RS-232 Serial Relay COnm
The R32 has 32 5-Amp or 10-Amp relays!

4 16x2 Video CmuptozssNCDDewoeeUamgaSmgleRS-mswm
Switchers! NCD Devices are Compatible with PCs, Macs, and Microcontrollers{
Vldeo Swffchers, Relay Contmllors Microcontrollers, VF & LCD Displays, IO Controllers, A/D Converters, Visual Basic Software!

128 xb 4 Horitake \fFﬂ
| WE ll: I]ME

££10S4NG-0009

Bisd.s

1240x128 Optrex LCD

| Asuxtza Sculaih Image

Bnght Brilliant, and Easy 10 USe! ' gyo.o images, icons, and Works with Digital /0 + A/D + LCD
7 Models of VF Displays Available! Any Computer or Micro with RS-232! + Terminal + Keypad!

NEW: meesslonal B-Rslay Controller 'mms Anythlng
KOn/ort with PC using Visual Basic or Any Micro!
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working; Pipefitting; Sheetrock; Art; Shipbuilding; | Building Industry Examples
Ductwork; Decal Work; Fabrication; Sign Builder;
Manufacturing; Detail Painters; Fabric and Textile; - Hanging sheetrock in today's contemporary house

Designing; Roofing; Artwork; Surveying; Machine Set-up;
Cabinet Building; Plant; Retail Layout; Alignment;
Architectural Work; Production; Automotive Repair;
Template and Stencil Work; Wall Paper; General
Household; Excavating; Carpet Layers; Heavy Machinery;
Law Enforcement; Machinery Automation; Robotics, etc.

with 1,000s of corners.

+ Building a utility house parallel to an existing house.

+ Geometric layouts for any project.

- Steel structures (large buildings, airports, risers,
conference centers, etc.).

- Lay out anything with angle or pitch.

+ Finishing work or simple stuff,

‘ like lay out an angle on plywood.
‘ + Laying carpet, wood floors, tile

floors in rooms which are not square.
. Furniture
woodworking hobbyist.

building,

Space Compass —
Analog Inertia Sensor

Space Compass is an
‘ understated name for this new high-
| tech sensor. Space navigator might
be more suited. This new angular
displacement sensor — the first and
only, low price, non-contact Inertia
eels & more! Measurement Unit — will keep track
of any inertia movement on any free
standing/moving object, in any axis,
| in any space.

This sensor has no moving parts,
no contact, does not respond to any
outside forces like magnetic fields or
gravity. The sensor is totally self-
| contained. Patent Pending and
| Copyright all rights reserved.
The manufacturing price is
below $95.00.

Expandable

Sensors & electronics
Servos,smotors,

" PRIMECELL &

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT ‘ icati
DONT PITCH EM'- SEND THEM FOR REBUILDING ! - SAVE § § Applications
" WE IPROVE PERFORMANCE TO SETTER THAN ORGHAL. - S Sith inatractions wnd nasl: Applications include:

WE FIX WHAT CAN'T BE FOUND. { OR AFFORDED )

Satellite Pointing; Vehicle
Stabilization and Pointing;
Instrumentation; Alternative

WE PROVIDE QUICK SERVICE. / EXTEND LIFE OF OLDER EQUIPMENT
WE OFFER FREE QUOTES. / FREE RETURN IF QUOTE IS REFUSED,
WE PROPERLY DISPOSE OF YOUR OLD CELLS BY RECYCLING.

WE GIVE YOU A 12 MONTH WARRANTY.

» WEWILL BE HERE WHEN YOU NEED US / EST. 1986

o WESAVEYOU™* MONEY ““ $55§

M | cd materials for refilling
! inkjet cartridges. Available
for Canon, Epson, Hewlett Packard, Apple,

WE SERVICE RECHARGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS Compaq‘ and Lexmark printers. Compass; Construction
RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE A lications' Mobile
GENERAL ELECTRIC UNIDEN 'RADIO SHACK HARD-TO-GET = Pll; i ; .
MPD PLS MPA 4850P $34.50 APX65010601105$3250 HTX 202/404  $22.50 obotics:
MPD PLS MPA 4860P §$39.50 101010701100  $3250 NEW NiMh HTX pack PRINTER RIBBONS g " pgce
MPR MPS MPX 763777 $ 39,50 1120 1200 Series $3250 8.4V 1660mAh $39.60 Appllcatlons; Surveylng;
MONOGRAM 4506P1/3 § 37.50 BP2500 650mAh § 19.50 KENWOOD Gorilla B C d T T t A g
BP205 1600mAh  $2250 pgoemuis  $28.60 orilla Banana, Commodore, lexas Instruments, R/C; Pomtlng Devices;
MAYONSR1A9 110 50 48 0p2/ tCOM g CETEVINIATES S0 Centronics, Riteman, Apple, Printronix, Star

MOTOROLA
MX300 HTE00 MT1000 STX

NTN 4585 4824 5414 $37.50
NTN 6447 6621 5546 § 37.50
NLN 6860 NTN 4327 $39.50

MIDLAND

BP5/BP23/24 $27.60
BP7/CM7/BP8 $ 34.60
BP167/174/180 $ 34.60
CM140/141/166  $41.50

YAESU
FNB3 4121416 $32.95

KNB6/7/12/14/16 § 34.60
PB10/26/26/32  $ 24.60
CORDLESS DRILLS
50% MORE CAPACITY.
Any brand 7.2V § 21.60
Any brand 9.6V § 29.50
Any brand 12.0V § 36.60

Over 300 different ribbons in stock.
All ribbons new, not re-inked.

Check our web page or write for complete price list.

Guidance Controls; Platform
Stabilization; Army and
Navy Applications. Partners,
investors, or manufacturers

70-810 B16 B19 B21 $39.95 FNB1921262738$32.95 Any brand 14.4V $ 39.50
B26826 B32BI6B60 $39.95 FNB 10 1117 26 35 $23.95 Any brand 18.0V $ 44.50

See our web pages about rebuilding battery packs used for Land Surveying.

BATTERY REBUILD SERVICE

FOR INFORMATION ABOUT YOUR REQUIREMENTS ... CONTACT US:
USE THE EASY INFO. REQUEST PAGE AT http.://www.primecell.com
PHONE OR FAX : (814) 623-7000  E-MAIL TO: sales@primecell.com
SEND PACKS FOR FREE QUOTATION BY: UPS, FEDEX, OR US MAIL

CUNARD ASSOCIATES INC., 9343 US RT 220, Bedford, PA 15522

T

who see the potential in
these devices contact: Lars
Richter, President LR Tech
Solutions, Inc., 3724 Red
Fox Rd., Trinity NC 27370
USA; 336-434-2480, email:
larsr@northstate.net.
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H.T. ORR Computer Supplies

249 Juanita Way, Placentia, CA 92870-2216
714-528-9822 - FAX 714-993-6216

Toll Free 1-800-377-2023
e-mail: Htorr@aol.com
http://home.adelphia.net/~htorr
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CLASSIFIEDS

CLASSIFIED ADVERTISI Ads to be typeset by Nuts & Volts must be received by the
$50 Per Inch — No exira charge for color. (Limited time offer)  closing date. Supphed ads must be received by the artwork due date.
- Classified ads must be paid in full prior to the closing date. : f’ _ Call the office at 909-371-8497 or email classads@nutsvolts.com
Visa/MC/Amex accepted. Payment for ads received after the closing for closing dates, available sizes, and special prepay discount oﬁ'ers
date will be placed in the following issue at our discretion. Minimum 3
charge is one inch with half-inch increments. No proofs will be sent. Classi ﬁEd ads work! Call ‘today!
Antique Electronics il Aviation Electronics
KINGSLEY HOTSTAMP Do you still think that you can
foil machines for imprinting leather, not build a prototype without
FOR HISTORICAL MUSEUM | | | etc.and electrical wire marking. designing a new circuit board?
pre- 1980 microcomputers, | Manual o; automatilcbrlnachines Then vou haven't tried the
magazines, and sales literature. and type available. é/ H 1$TM
Floyd,VA 24091-0341. ‘ Call 760-749-0239 PASS"'CU"; ae
540-763-3311 * 540-745-2322 bjnash@n2.net Imaglne an qff the shelf circuit
board that will allow you to

build virtually any circuit you want! Micro-p, robotics,
lasers, motor controls, even bipolar steppers. Complete
projects with power supply, crystal oscilator, you name
it, and it fits in a case

The Future of Protbtyping. ONE PAsg INC.
$6.95 www.onepasinc.com

W Join our on-line bulletin
‘ board and share your
knowledge and ideas with
other electronics hobbyists!

WWW. nutsvolts. com

Cable TV

|~ CONVERTERS ~

8590, 8600, DPV7, DPBB, =
CFT2014, $15 each. Cot

From only

1ectors

7: -~ ,/—;_— —
Raw, no R/M.All units are power- l\ Wire/Cable V¢ 7 STARFLIGHT
: ' ini | —~Za [ELECTRONICS
up, excellent shape, minimum 10 |
| lot, no descramblers. Converter ‘ ELECTRONICS SYSTEMS

parts, accessories, data crystals,
call for others not listed.

1-866-601-1238

ANAHEIMWIRE PRODUCTS ‘ |COMPLETE INDUSTRIAL DESIGN
‘ o | ANALOG & DIGITAL HARDWARE

SOFTWARE/MECHANICAL DESIGN|
“MACHINE VISION"/OPTICS

| COMPLETE RELIABLE CONTROLS

| PROTOTYPES THRU PRODUCTION

| TEST EQUIP & MACHINE SHOP

‘ www.starflightinc.com

| Des:gn Manufacturing - Consulting
| * Motion Control * Functional Test &
t Hot Mockup * PCB Design & Layout
| * Microcontroller Systems for

} Pneumatics * Vacuum
|
I
L

Manufacturer and distributor of
electrical and electronic wire =
i and cable since 1973. £ omputer
| ITEMS AVAILABLE FROM OUR STOCK:
| Hook up wire, Shrink tubing,
Cable ties, Connectors.

* Stepper & Linear Actuators
Competitive rates. Free quotes
mrbcontrolsystem.com
407-463-0442

Hardware Wanted

| Wire cut & strip to specs.
DIGITAL CABLETYV FILTER If interested, please call DEC EQU|PM'ENT (,OI]\[)OHCHTS
‘ _ ; 1-800-626-7540 ~ WANTED!!
Just now available!! Latest 2003 ‘ FAX: 714-563-8309 Digital Equipment Corp.
‘ mgg\e/l tecthnglotg);fSlgnal b;?l:ster. ‘1 ‘ Saa tis ori the  [nterriat: and compatibles. :
‘ Wholezifeer‘r:r;ei égﬁnfzer ilnfzr.or v.anaheimwire.com or Buy - Sell - Trade FREE 120 Pg CATALOG
ﬂyeral2-é33-0773 email: inffo@anaheimwire.com CaLL KEyways 937-847-2300
3 | ‘ Visa/MC/Amex. 1 or email buyer@keyways.com Electronic components, kits,
Y i o | test equipment, tools, and
P e EEE : I ! supplies for hams, hobbyists,
ABC WHOLESALERS, INC. | } -] The RF Connection MIL-Spec Coax Available (Teflon, PVC IlA) | and businesses. Many hard-to-
Importer & distributors of the | { l%, 213 N. Frederick Ave., Ste. | INV New Product: Belden 9913F, 9913 with I find items like'variable
Multitech 4500 & 5000 series 125 ch. Gaithersburg, MD USA 20877 Fligh bty i foam diclectiic, ‘ . kgt i
EREese i http://www.therfc.com/ stranded center cond. and Duobond capacitors, vernier dials, coil
s e ‘ Ill Jacket $0.80/ft or $76.00/100ft | forms, magnet wire, and toroids.
| | Complete Selection of MIL-Spec Coax, Also New 9092, RG8X with Type |l Jacket. | Ocean State Electronics
| ALL ﬂODEl:S ‘ RF Connectors and Relays Intro Price ... $23.00/100ft | lect .
Al of the following basic converters | |UG-21B/U N Male for RG-213/214 $500  Call for Specials of the Month | www.oselectronics.com
come w/new remotes & lots of |0 | |UG-2ID/U N Male for RG-213/214 $3.25 Full Line of Audio Connectors for lcom,
« SA 8580 $19 ea. * SA 8600 $25 ea. rs for 99| 3/Flexi4XL/9096 Kenwood, and Yaesu
* Jer. DPV 7212 $15 ea. * Jer. BB 7312 UG-218/5 $6.00 / Pins Only....$| so 8 Pin Mike Female $2.50 . RF Transistors, Door Knob €aps,
$25 ea. * Jer. CFT 2014 $25 ea. [UG-21D/99I 3 .$4.00 / Extra Gasket. $0.75 8 Pin Mike Male Panel $2.50 | Power Supplies, Tubes, €oax,
| + Jer. 2254 * Pio 6310 | Amphenol 83-1SP-1050 PL-259 $0.90 I3 Pin DIN for Kenwood $2.75 | Tefion Wire
i | UG-176/U Reducer RG-59/8X, $0.25 8 Pin DIN for lcom $1.00 |
For;iircgi:gq\t;:zt:aiiz Z:le?:z;ea:l for | ‘ or 5/31.00 8 Pin DIN for Kenwood $1.50 “ 25C2879 25C2290 3-5001 4CX250B
replacement remotes. L ;ecucer RGS8I58A, 3025 Oriécress = Noragco’g;;;f;:;“ | See our website for other products
Se habla espanol. | | SilverTeflon PL-259/Gold Pin, $1.00 Info 301-840-5477 Gk www.westgateparts.com
Call us toll free 1-800-510-1924. ‘ or 10/$9.00 FAX 301-869-3680 ) Westgate 1-800-213-4563
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Affordable Robotics
Training Courses in:

Basic Electronics
Digital Electronics
Relay Control
Servo Controllers
PLC Systems
Hydraulic Systems

From Basic to Advanced!
WWW.UCANDO-CORP.COM
1-800-678-6113
FREE SHIPPING!

UCANDO VCR Educational Products Co.
(Est. 1988)

$59

www.EVBplus.com

Telephone

| 12-HR TELE-RECORDER
e e * Fully automatic
TLC-1 * Amazing sound
* 2-Year warranty
[ — Call Vakis at:
905-820-8020

FAIR RADIO SALES

WEBSITE: fairradio.com
E-MAIL: fairradio@fairradio.com
PHONE: 419-227-6573
FAX: 419-227-1313
2395 St Johns RD - Box 1105
Lima, OH 45802

VISA, MASTERCARD, DISCOVER

Address Dept. N/V

am Gear

Miscellaneous Electronics

For Sale

White
LED
Keychain
Flashlights!
$1.00 ea.

Super
Blowout
Deal!

Regular White LED
Flashlights Too!

Other colors available.

www.blkfeather.com

SURPLUS & REFURBISHED
ELECTRONIC EQUIPMENT
PARTS & ACCESSORIES
Over 4,000 items in stock.
SMC ELECTRONICS
www.smcelectronics.com

Sencore CB 42 CB Analyzer,
Bird 43 Wattmeter w/elements,
other test equipment.

RF & audio connectors,
components, coax cable, switches.
Great for hobbyist or
professional.

Email to: jcestabrook@juno.com
for list or phone 307-630-9532.

Speakers, parts, manufacturing
equipment. Million dollar
inventory. ISE (our 25th year) we
buy-sell-liquidate.

CALL 956-350-5555

| WWW.ISESURPLUS.COM

Uddie>

sSys tems
5 = The Ultimate DTMF
Controller

DTMF-2
$79.95

Plus $6 Shipping

* Eight 500mA sinking control outputs

* Each output latched or momentary

* Momentary defays from 0.1 Sec - 25.5 Hours
* Pan and tilt control mode

* Up to 20 control codes of 1-7 digits each

* Three levels of security

* Non volatile EEPROM storage for all settings
* Command acknowledge output - for radio PTT
* Audio acknowledge output - radio or phone line
* DTMF mute output with adjustable hang time

* Channel status read command

ﬁ "’" Order online at:

Orders: (877) 733-4351 http://www.uddle.com
Info:  (641) 847-3986 info@uddie.com

80

* Repeaters

* Fiber Optics

* Digital /0

* Multidrop RS232
+ Custom Units

* Auto TX Enable

RS485/422/232/TTL
ASC24T $45 - Converters

Extensive Interface Product Line
RS232 “Extension Cords”

Up to 115.2 Kbps, 4000 ft. ++
Large Multidrop Networks.
Isolated Units. Smart Units

Remote Relay “Extension Cords”

Call the RS485 Wizards at
(513) 874-4796

e SRR
= Smith
www.rs485.com

RE

|

ZAP CHECKER

100 TIMES
MORE SENSITIVE

&
THAN A FIELD STRENGTH METER Cs/"é\
$89 ( 7saH) %’6
* QRP to Kilowatt Tune-ups L
» Antenna Radiation Patterns & Ratios
* Fox Hunts
+ Cable Leakage Detector
« Computer Wireless Installation
» Surveillance & Bug Detection
+10MHzto 4.5 GHz *+LINEAR & LOGARITHMIC DETECTION
+ANALOG & LED DISPLAYS +ADJUSTABLE GAIN
+SILENTVIBRATORMODE +INTERNAL ANTENNAS

Alan Broadband Company Phone : (888) 369-9627
93 Arch Street Fax: (650) 369-3788
Redwood City, Ca. 94062

www.ZAPCHECKER.com |

|

WANTED: ROCKWELL
Collins HF-80, KWM2A, and
S-Line equipment.

Also Collins literature.

Jim Stitzinger
661-259-201 |1 °Fax 661-259-3830
jstitz@pacbell.net

Misc. Electronics

Wanted

Wanted: Balancing machines &
vibration analyzing equipment
manufactured by the following:
*Spectral Dynamics *Hofmann

*Bentley Nevada *Schenck *IRD

Mechanalysis *Gishott
Contact Mike Park at E.T.
Balancing, 12823 Athens Way,
Los Angeles, CA 9006 |
310-538-9738
FAX:310-538-8273

Subscribe today!
W, nutsvolts. com

2000V)

pas
Used Checked, $49. 50 Manual repro, $12.00
Allow money for shipping on merchandise.

WHEATSTONE BRIDGE

2ZM-4 Wheatstone Bridge used
to measure DC resistance.
Resistance measurement
range 1 ohm to 1,011 M ohms
+/-0.15%; As a resistance sub-
stitution box It Is adjustable in
1 ohm steps from 0-10110
ohms. The current limit of the
resistors is 16-500ma depend-

Sola CVS 2000 Watt Constant Voltage
Transformer provides a very well regu-
lated sinusoidal waveform that is iso-
lated from variations and disturbances
in the Input voltage. Also provides
isolation and step-up/step-down to
allow for various Input/output voltages.
/' Input 95-130/175-235/190-260/380-520

60Hz. Output 120/240VAC 60Hz

. 17.8x11.4x9.6, 115 Ibs sh. Unused, $250 ea, 2/$450

sojpey

awdinb3 isay -

-

ter indicates balance In test

saqny -

Seuudjuy -

GRAPHITE-HIGH density,
slabs, blocks, plates, pieces.
Used for fuel cells, motor
bushings, melting metals,
crucibles, rocketry, science
projects, electronics.

Big |5 pound box assorted,
ONLY $99 SHIPPED.
Jim Sciuto, Box 128,

Methuen, MA 01844 or

603-645-4772 or see photo at
USMintquarters.com

Inventor Services

|
|

Have an Idea?
Protect it now make $$ later
Get Provisional Patent-Pending

from $99.99. Patent Agent,
Masters Engineer Ariel Bentolila
Call 1-888-89PATENTS
www.bayareaip.com |
for FREE information |

Publications

ANIMATRONICS:
HOW TO
“Affordable Animatronics,
A Visual Guide”

Numerous applications, technical
references, examples, controllers,
electronics, mechanical devices,
and construction ideas.

www.bpesolutions.com

303-651-3794

ELECTRONICS BEGINNERS!

Get the book that is easiest to
read and understand.

Go to www.amazon.com,
select Books, search for
Shanefield, click on the title, and
then CIICk on Customer Reviews.
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Robotics

Satellite TV

z o L] e
\ &Skyvision
4t FREE SATELLITE

{5 & TV Buyer’s Guide.
L5 BIG Dishes-BIG
Deals! Get the MOST free and
subscription channels with C-
band digital upgrade! Get high

speed Internet on your big dish!
SKYVISION 800-334-6455.
Int'l 218-739-523
www.skyvision.com

NMIH-0050 H-Bridge
-6 fo 40 Volit Mofor Supply.
-5A Continuous, é6A Peak.
-LED Indicators of Power Input and Output.
-TTL Inputs.
-Compact Size with Substantial Heat Sink.

-$29.95 in single Quantities.

The Nuts & Volts 9f

\imaleur g 'obolics
Supplement #2

UPGRADE YOUR
C/KU-BAND
SATELLITE SYSTEMS

| can help you

John Horvath @ Minaret Radio
PH: 909-943-3676
FAX: 909-943-2606

\lll iteur I « || lies

Supplement #2
Coming Next Month!!

oming next month is
our second supplement
dealing with robotics

for the hobbyist. Manv of vou
will remember last August
when we presented our first-
ever robotics supplement.
This second effort will be
somewhat more technical and
feature articles on:

Test Equipment

Q"e° Logic Analyzer

U S_ B_ e e <% Signal Generator
D i g Ita I Frequency Counter
POd Source Code/API

, USB Device Builder
“G g A
e AR €xpert Design Help

g Connect, Control and Debug

» Building a Dual Motor
Controller Board

» Metal Fabrication

« Using Two HCl11s on One
Robot

» Motion Control

www.fekbidz.com

as well

« Finding robot parts in
unlikely, but everyday places

» The (RFL) Robot Fighting
League

» The SOZBOT Story

« and much more

f vou're a paid subscriber to

Nuts ‘& Volts, you will
automatically receive the
supplement with your June
magazine. If not, you can pick
it up on most newsstands or
order it directly from us.

¥ l *his robotics supplement
will be the first of a

planned quarterly printing.
We also plan on producing
additional supplements
covering other subjects and
would like to get input from
our readers on topics to
cover. Email your ideas to us
and we'll take it from there.
We've set up a special email
address to send vour input
directly to our editorial
planning department. Send
vour ideas to:
supplements@nutsvolts.com
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GOT STRABO?

* This revolutionary new tool
makes practical robot navigation
possible and as simple as making

a call to a web server.

* Need a drink from the fridge?
Just ask Strabo how to get there
and have your robot follow the
directions it returns.

» Strabo Pathfinder accepts
wireless requests via HTTP to
request routing instructions. Any
robot that can make HTTP calls
can use Strabo Pathfinder.

* Build a map and let your robot
go wild!

* Learn more about Strabo
Pathfinder at: wehali.com

DC MOTOR CONTROLLERS:
12V-48V, 50A & |00A versions,
PWM controllers in either
unidirectional or H-bridge
designs. Microcontroller based
inputs accept pot, R/C servo, or

computer signals for 0-100%
speed control of DC motors.
Kwan Motorsystems
408-929-27717.
info@kwanms.com
www.kwanms.com

EE101.com

your embedded project
from your PC over USB

(909) 693-3065

HP 8920A/B service monitors
from $2,900 Spectrum analyzers;
signal generators; cellular test
sets for CDMA, TDMA & GSM
and more
Ph 716-763-9104;
www.amtronix.com

Back issues of
Nuts & Volts
are available at

W, nutsvolts. com

Security

SWEEP A ROOM FROM THE DOOR

ZAP CHECKER MODEL 270

EXTRAORDINARY SENSITIVITY
UPGRADED PREAMPLIFIER
24GHz bugs detected at 30 + feet

BROADBAND EFFECTIVITY
10MHz to 4.5GHz detection range

3 DETECTION MODES
LINEAR - Most sensitive mode

LOGARITHMIC - Broadest signal strength indicatos
INTERMEDIATE - High sensitivity with broad signal detection

SELECTABLE ANTENNA OPTIONS

SMA COAXIAL CONNECTOR

for frequency-specific, directional antennas
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Laser Insight

Produce Your Own Holograms With This Set-Up

by Stanley York

ast month, we began a discus-
sion on various hologram types
“land how they are produced. |
concluded with a simple, steady plat-
form on which a holographic set-up
could be mounted. This month, we're
going to take this idea a bit further

| and describe an experimental set-up

you can make at home, and hopeful-
ly, produce some reasonably good
holograms for yourself.

If the idea of making a hologram
appeals to you, then you should like
this article. If the idea seems daunt-
ing, fear not. You never know what
you can do until you try. This set-up
will be kept as simple as possible,
with no precision mounting schemes
like those used in optical labs. We'll
use wax, putty, hot-melt glue, or
screws to assemble the parts on the
table — nothing elaborate. | know that
most people have to work with a tight
budget — including myself — so | like
to keep things as simple as possible,
and hopefully without sacrificing too
much.

Stability of the

The three words that determine
the selling potential of a piece of real

estate are location, location, location.
I'm sure you've heard that many
times. When it comes to making a
hologram, the three words that come
to mind are stability, stability, stability.
The stability not only refers to the
table, object, and optical mounts, but
also to the laser used for exposure.

A HeNe laser can be used for
exposing the film, but care should be
taken to eliminate any vibration on
the laser, and any drafts that could
affect the temperature of the HeNe.
Before exposing a film, the laser
should be turned on for at least one
hour to allow the temperature of the
laser to stabilize.

You'll notice in the drawings that
the HeNe laser is mounted to a fairly
massive stand. The stand provides
two important functions: it offers
good mechanical stability and good
thermal stability. A change in the
temperature of the laser during expo-
sure will cause a very small change in
the distance between the mirrors of
the HeNe. The mirrors act as an inter-
ferometer themselves, and will have
an effect on the longitudinal mode
structure of the beam.

A shutter can be as simple as a
card held in front of the laser until
the exposure is made, provided any
scattering or

reflections from

the card are

absorbed before

they can reach
| the film. Any
type of shutter
that introduces
vibration should
be avoided. For
this reason, it is
recommended
that the laser be
mounted on a
separate plat-
form from the
rest of the opti-

Cement siabs

Figure 24-1.

Assembling a

holographic
table.
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| cal components.

If you use a
mechanical shutter to open the laser
beam to the table, then you should
mount the shutter on a separate
stand from the laser and the optical
table.

The problems of mechanical and
thermal stability are not so serious
when a pulsed laser source is used for
the exposure, and we will be building
a pulsed laser in a forthcoming issue.
Pulsed lasers are used to record
dynamic changes that take place
when machines are in operation or

| otherwise stressed. Such applications

include stress testing of jet engine
components, turbine blades, gun bar-
rel deformation, etc. This type of set-
up usually requires other, advanced

| peripheral equipment, plus additional

optical components we haven't cov-
ered yet, so we'll save this for another
issue.

When assembling the optical
table, remember too, that the film
must also be held rigidly, yet must be

’ easy to put into place and removed in

the dark.
.aser beam purity

During the discussion last
month, | mentioned a few other

| things that are important when mak-

ing holograms. Among them were
film resolution and the coherence
length of the laser. The film resolution
refers to the resolving power of the
film used to record a hologram, and
will have a direct effect on the quality
of the hologram produced.

Most holographic film has a reso-
lution of several thousand lines per
millimeter, where 'normal' 35mm film
may have a resolution of only a cou-
ple hundred lines per millimeter. The
coherence length of the laser affects
the spatial clarity of the hologram,
the depth, if you like, to which you
can see into the picture. It affects the
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depth of focus and therefore the clari-
ty of foreground and background
information surrounding the object
being photographed.

With a poor coherence length,
details on either side of the focal
plane will be lost, and the hologram
will look fuzzy and unclear. With a
long coherence length, details will be
sharp and a greater amount of infor-
mation will be recorded, resulting in a
sharp, clear hologram.

I mentioned that the coherence
length depends on how cleanly the
laser produces a single wavelength.
Most lasers do not produce a single,
pure wavelength, but instead produce
a narrow band of wavelengths sur-
rounding the principle wavelength.
The bandwidth (or linewidth, as it is
usually called) of a typical HeNe laser
is very small, and thus, produces a
coherence length of about 50cm or
so, which is more than enough for our
simple set-up.

Most HeNe lasers these days also
produce a beam that has a very good
spatial profile. That is, the laser shows
a very near Gaussian energy distribu-
tion across the diameter of the beam,
which is important in holography. The
closer the beam is to Gaussian, the
closer the wave fronts are to being of
uniform, in-phase distribution.

If you intend to use an older laser,
or perhaps a HeNe laser you made
yourself, you may need to pass the
beam through a pinhole filter to clean
up the beam before it gets onto the
optical table. To do this, | would sug-
gest getting a spatial filter (pinhole)
assembly from Edmund Scientific.
These kits come complete with filter
and mounting hardware, and instruc-
tions on how to set it all up.

The spatial filter removes some of
the higher-order spatial modes, leav-
ing the remaining beam closer to a
single order mode (TEMOO mode or
Gaussian distribution). The pinhole
kits are not cheap though, especially
if you buy multiple pinholes, so | sug-
gest you speak with one of the techni-
cal staff before you decide to buy. It
may be less expensive than buying a
new laser. As | mentioned in a previ-
ous column, using a pinhole filter
such as this will slightly reduce the
useable power output from the laser,
so you will need to adjust the expo-
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HeNe iaser

Setup shown for film exposure

Figure 24-2. Assembling the components on the MDF tabletop for a

reflection-type hologram.

sure if you include this filter assembly.

For making holograms, | suggest
that you use a HeNe rather than a
laser diode. Typical HeNe lasers these
days are very stable, and have a good
spatial and temporal profile. A diode
laser is not a good choice for hologra-
phy. The mode structure is not good,
and the divergence, typically, is very
bad when compared to a HeNe laser
of the same power output.

tudinal mode

iIRs

One problem that may show its
ugly head has to do with longitudinal
modes. If there are too many modes
operating, the hologram will appear
fuzzy and unclear, despite being on a
stable platform. There will also be lit-
tle depth information. Longitudinal
modes were discussed some time
back when the mode structure of a
laser beam was the topic. Look
through the Jul. 2001 issue of Nuts &
Volts. Longitudinal modes in a CW
laser are not easy to detect, and so it
is difficult to know when their num-
bers have been reduced. It is mainly
by trial and error, using interferomet-
ric techniques, that these extraneous
modes can be detected and eliminat-
ed. However, if you use a low-order
mode HeNe laser, you should not
have a problem with these modes.

In a pulsed laser, the situation is a
little different, and if you were suc-
cessful in building a high-speed pho-
todetector, as described in this col-
umn in the Jan. 2003 issue, | will be

describing a method whereby you can
use the detector to see these modes. |
will also suggest a way of reducing
their numbers using another type of
interferometer. However, | will cover
this in a future issue, so stay tuned.

&= S

When choosing the optical com-
ponents, use lenses that have an AR
coating on both sides. Usually, a sin-
gle-layer magnesium fluoride (MgF2)
coating is applied to all optics for use
in the visible spectrum. This will cut
down on the number of extraneous
reflections that would otherwise
impede our experiment.

For the same reasons, use first
surface mirrors to redirect the laser
beam. Having a second surface reflec-
tion will produce a second (though
weaker) set of interference fringes
that will interfere with the wanted
image by producing ghost images.

The table described in last
month’s column should offer good
stability for our first holograms. The
cement slab combination has good
mass properties, and is not affected
by temperature variations. The truck
inner tube offers vibration isolation
from ground-borne noise (from traffic,
etc.). Finally, the MDF top provides a
flat surface for easy mounting of the
various optical components. Figure
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Figure 24-3.
The set-up for making
a transmission-type

hologram.

24-1 shows the assembly of the opti-
cal table. Figure 24-2 shows how sim-
ple the optical set-up can be made.

This arrangement will produce a
reflection-type hologram. The film
plane mount is screwed down to the
MDF board to provide a rigid mount
to which the film is attached. | show a
grooved upright assembly, but you
can use almost anything to hold the
film vertically. You just need to be
able to register it correctly when you
replay the developed hologram. The
lenses and mirrors can be attached to
the MDF board using wooden blocks
and candle wax, putty or modeling
clay, or hot-melt glue. The use of
these materials will allow easy reposi-
tioning for experimentation.

To avoid moving anything during
exposure, use a piece of card to block
the HeNe beam path while getting
everything else prepared. As | said
before, it is vital that nothing moves
during the exposure of the film to the
HeNe beam, and a piece of card is
easily and quickly removed and
replaced without disturbing anything.

I suggest mounting the HeNe on
a separate table, making sure it is
rigidly fixed, and that you can remove
and insert a piece of card in front of
the laser to serve as the shutter.
When the card is in place, it must be
prevented from falling or being dis-
turbed while all table vibrations are
settling. Figure 24-3 shows the optical
arrangement for producing a trans-
mission-type hologram.

Everything For Electronics

‘ NUTs & Vours

Choose your subjects carefully.
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Don't use objects that have very fine
details until you get skilled in estimat-
ing the illumination and exposure
time accurately. Don't use live ani-
mals. Chess pieces, children's num-
ber/letter blocks, and models cars
and airplanes can be very forgiving
objects to practice on. By themselves,
they may not excite you too much,
but in a hologram, they can be quite
spectacular.

Whichever type of hologram you
experiment with, start by getting the
laser illumination right. The align-
ment of the object and reference
beams can be done quite easily by
replacing the film with a piece of
white card. Put a block in front of the
reference beam and allow the scat-
tered light from the object to fall onto
the card. The illumination should be
as uniform as possible over the sur-
face of the card.

Next, block the object beam and
allow the reference beam to fall onto
the card. Again, it should be uniform,

but this time it should also be much
brighter. Approximately 10 percent of
the total beam power should be in the
object beam, the remaining 90 per-
cent serves as the reference beam.
| These are the approximate propor-
tions of object beam to reference
beam. There are no magical numbers
that will give a perfect exposure, so
you may need to experiment a little
with the beam-splitter ratio.

While you are setting things up
and adjusting the optics, there will be
some vibrations introduced into the
assembly. These vibrations should be
given time to subside before any
exposure is made. As | mentioned
before, a movement of only a half
wavelength can destroy a hologram!
For safety, allow the HeNe to warm up
for at least an hour or so before you
make adjustments to the rest of the
optical set-up.

When you have things where they
need to be, and the HeNe beams are
going in the right directions, block the
HeNe beam with a card while you
mount the film. After the film is
mounted, allow a further couple of
minutes for the small vibrations in the
table to die down. You obviously have
to do the film mounting part of this
operation in the dark, so take care
not to let any stray light from the
HeNe leak onto the film during this
critical stage. Safelights are not an
option.

You'll have to experiment with
your set-up before the correct expo-
sure time can be determined. The
power output of the HeNe at various
points around the set-up can only be
estimated, depending on your optical

Virtual object

Viewing direction

HeNe /aser

Figure 24-4. Replaying
the reflection-type
hologram.
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components, and so

there may be quite a vari-
ation from your set-up to Kedak Prodiet
the next guys’. If you are |649-F plate
familiar with normal pho- |°" film
tographic techniques, | 120 (02 or 01)
then you should know |[film
how tg make .a test strip, 125 (01 or O1)
exposing sections of film | fjim
in one-second intervals. |,
With care, this can be H:ﬁh speed 31
done quite effectively.

From here, you can Technical Pan

usually estimate how long | i

Sensitivity at 6328 Resolution
900 2000+
400 2000+
— 1200+
5-8 1200+
0.4 320

Laser Insight

Table 1. Holographic Film Selection Guide.

Relative Contrast Development

5/4 6-8 minutes
D19
5/4 5
4 5
7 !
13 5

an exposure is required

to get the right exposure. You will
waste a plate or perhaps two or three
while getting the correct exposure |
and development time, but subse-
quent exposures will be right.

Again, if you are familiar with
photographic techniques, you proba-
bly already know how to develop film,
so I'm not going to dwell on it here.
Use the recommended developer, fol-
lowing the instructions for the film
type you have. When developing the
image, resist the temptation to
overdevelop. There will not be an
image to judge, so again, there is
some trial and error to determine the
correct development time.

As a guide, Table 1 compares a
number of different films and devel-
oping parameters. The film types list-
ed here are for general holographic
use, and are sensitive in the red
region, and, thus, usable with a com- |

mon red HeNe.

While writing this article, | con-
tacted Kodak, and they told me that
holographic film is no longer avail-
able from them. However, there are a
number of Kodak Professional
Authorized Dealers that still have
Kodak High Speed Holographic film
#S0-253.

The suggested list price for the
High Speed Holographic Film/SO-
253, catalog #177-2672, is $77.35 for
a 25-sheet box.

If you visit the Kodak website at
www.kodak.com/go/proproducts
network, there are in-depth articles
on the various film types produced.
You can also search for a dealer near
you using specific criteria such as Zip
Code, Area Code, Dealer Name, City,
or State.

| am indebted to one of the regu-
lar readers of this column who con-
tacted me some time ago regarding
the subject of holography. His name
is Jack Mills, from Ben Lomond, CA.
He has done work of his own in this

Figure 24-5. The

set-up for replaying
a transmission-type
hologram.
)
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field. Jack has given me some valu-
able information that | want to pass
on to all readers of this column. He
was experimenting with black-and-
white Litho film (some types of which
are insensitive to red light, and can
therefore be processed in a darkroom
environment using a red safelight)
and found that some of these may be
usable for holographic purposes. The
film listed below is one that can be
exposed using a green HeNe laser
while using a red safelight. Jack rec-
ommends using a diluted paper or
film developer with this film, as it will
result in a finer grain structure. The
film is a lot cheaper than the Kodak
variety. The material is standard
35mm film #520-100 and is available
from: Freestyle Camera, Inc., 5124
Sunset Blvd., Hollywood, CA 90027.
The price in the 2001 catalog is
$27.95/100 ft. roll. Their toll-free
phone number is (800) 292-6137.
You may also check out their
web page at www.freestyle
camera.com.

Jack sent me a couple of sam-
ples of what he had made and it looks
quite promising.

Playing back the developed holo-
gram is done by almost the same
method used to expose the film. The
developed film is placed in the film
holder, in the same orientation that it
was during exposure. This is an
important point, because if the film is
in a different orientation, you won't
see quite what you expect. So, make
sure the film is in the holder in the
same position. Turn on the HeNe
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laser, and put a block in the object
beam path as shown in the drawings,
but allow the reference beam to go
through. Place yourself in the right
position to view the hologram and
see what you get.

If the image is dull or dark, you
may need to adjust your
exposure/development time. If you
get only a partial image, or none at

all, the chances are that something
moved during the exposure stage.
Figure 24-4 shows the set-up for
replaying a developed reflection-type
hologram, while Figure 24-5 shows
the set-up for replaying a transmis-
sion-type hologram.

Good luck with this experiment.
Let me know how you fare with your
set-up. If you have any ideas to

| improve this without a huge bundle of

money being involved, share your
ideas with us.

If you have questions, or ideas for
future columns, you may contact me
as always at stanley.york@att.net,
or through this magazine. As always,
it sometimes takes me a while to
answer all my emails, but | always

reply.

Visit www.lynxmotion.com for more information!
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Understanding, Designing, and Constructing Robots & Robotic Systems

Amateur Roboftics

If one is good, more is better ... microcontrollers, that is ...

mbedded microcontrollers are
great building blocks because
everything is built-in. But when
you need more tools, you need more

cle shows how easily multiple con-
trollers can be made to work together.
A working example of a fast inter-
processor serial communication bus
shows how to string as many con-
trollers together as necessary and
communicate at over 50K baud. In
addition, this article shows how to
generate three PWM signals from a
lowly AT90S2313, which has no PWM
| hardware on board.

All of the code in this article is
written in RVK-Basic, a Basic compil-
er, which is free for personal use and
can be downloaded from either
www.nutsvolts.com or www.rvk
bob.com. The chief feature of RVK-
Basic is its blazing speed. Using most
of the Atmel AVR microcontrollers
(www.atmel.com) and RVK-Basic,
you really can execute millions of
lines of Basic code per second.

We wanted to build a simple
robot for a school in Tucson, AZ, to
use to teach youngsters how to write
programs in Basic that really make
things happen. The simplest solution
was to use a servo-controller to drive
each of two wheels and a third servo
to position a weapon. The servos on
the drive wheels would be hacked to
provide velocity control instead of
position control. Thus, each function

embedded microcontrollers. This arti- |

could be con-
trolled by a

SLAVE

standard servo ENABLE
PWM signal MASTER
(described  in cLocK
detail later). The BATA

problem was
that the avail-
able microcon-
troller had no
more than two

Figure |. Inter-processor
Communication Bus.

independent
PWM outputs available. In order to get
three PWM channels, it was neces- |
sary to add at least one more micro- |
controller. But how could we get one |
micro to talk efficiently and easily to |
the other?

The AVR processors are readily
programmed over a Serial Peripheral
Interface (SPI), but there is no gener- |
ally usable SPI interface available for
other tasks. This | solved in a simple,
elegant manner.

SPI requires (at a minimum) a
data line, a clock line, and preferably ’
some kind of line to synchronize the
serial transmission of data. When pro-
gramming the microcontroller, the
reset pin to the chip is used to enable
programming. | settled on a three-
wire interface, clock, data, and
enable, which would guarantee syn-
chronization and also allow the easy
addition of a third (or more) proces-
sor(s), should the need ever arise,
while minimizing the number of pins

ENABLE I

DATA

1

AN
PR

88

Figure 2. An Eight-bit Data Transfer.

used on each processor. The hard-
ware interface is shown in Figure 1.

In this example, all of the inter-
face pins on the Master controller are
outputs and all are inputs on the
Slave controller. A third processor
could be added by simply connecting
the clock and data from the Master
and by generating a separate
ENABLE from the Master to the third
microcontroller. If bi-directional data
flow was ever needed, | would recom-
mend a separate data line, which
would always be an input to the
Master. | haven't written code for this
type of communication (because I
haven't needed it yet), but if any read-
er would like to develop bi-directional
data transfer in RVK-Basic, | would
love to see a copy of it (rvkbob
@att.net).

The clock line must be connected
to the INTERRUPT O pin of the Slave.
The Slave is interrupt-driven by the
clock line. When each clock pulse
arrives, the Slave reads the enable
line and data line and takes appropri-
ate action.

Figure 2 shows how eight bits of
data could be transferred over an SPI
bus. The first clock pulse, when the
enable is low, is used by the Slave to
reset its internal bit counter, guaran-
teeing synchronization on every
transfer. The Most Significant Bit is
transferred first, so the example
above shows a data transfer of &H83.

For actual use in our robot, | have
set all data transfers to be 16 bits
long. The first byte is treated as the
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address of the command channel and | REVISION 021225.0 3 channel pwm interprocessor communications

.E s troll INTERRUPT 0, DOWN
I the second byte is the data for that el
| channel. When all 16 bits have been : cr‘(i)= }88 '..%rpm or mi%position
‘ i = i - Controls 3 channels of pwm for rc - chl = ‘..0 rpm or mid position
| rec‘elve.d, S regdy Hag ie set, - servo controllers. - ch2 =100 '..mid postion for spear
' which informs the main program to | *  Inputis via SPE .
f read the data in the incoming mes- ‘ - SPI command format is 2 MAIN: DO
| - ch# (msg@[0]): command
g il - ©  (msg@[1] - ‘ '...This is the MESSAGE HANDLER
| The code that actually runs in the " 1 that reads the message buffer
| Slave processor follows. Note the - The output duration is proportional | IF msgrdy | 0 THEN
!: INTO interrupt handler at the bottom | tg = - ot fr?snuvmlzmssgg[[({]] AND &HO03
|  of the program. This is the routine ‘ 3 tl.gompl_’t b s - msgrgy -t ¥
|  that performs the interface to the SPI | " to 1.80 msec for commands of 1 to
|  bus. Whenever a two-byte message is - 200. - BgilSNE%ASE chnum
. ready in the_array msg@[], the vari- 1 <) = syl
| able msgrdy is set to a non-zero value. DIM msg@[5] CASE 1
The message handler in the MAIN DO Cf\hSlE=2msgval
loop reacts to this and transfers the ‘ Eggqgg,,’%,ggg,”“om e
| data to the proper PWM channel. EQU "D.5" "CH1" END CASE
: The remainder of the code in the EQU 'D4""CH2" END IF
MAIN loop synthesizes three servo EggTEZ”SPSlgILCKHK ....END of MESSAGE HANDLER.....
: 5 : must be on
PWM outputs. The output pulse width INTERRUPT O pin..
varies from 1.2 to 1.8 milliseconds in INCR cycctr
proportion to the commanded value ‘ Egg?g;ﬁgﬁg%}_}“” \ 'Fcc“fffr”;o” then
and repeats the pulse about every 40 EQU "B.6""SPIDATA" ‘ ¥
milliseconds. '..minimum on time is 1.20 msec...
| START: SETBIT "CHO"
] SETBIT "CH1"
? msgent = 0 SETBIT "CH2"
| DEVICE 2313 ‘ msgrdy = 0 ‘ PAUSE 1.194
! MHZ 8 '..the following is the interrupt for ‘
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"..This generates the PWM outputs.
"..ON duration depends on ch#.....
FOR pwmctr = 1 to 200

IF chO > pwmctr THEN

SETBIT "CHO"
‘ ELSE

CLRBIT "CHO"

END IF

IF ch1 > pwmectr THEN
SETBIT "CH1"

ELSE
CLRBIT "CH1"

END IF

IF ch2 > pwmctr THEN
SETBIT "CH2"
ELSE
CLRBIT "CH2"
END IF
NEXT

‘ ELSE
‘ CLRBIT "CHO"
CLRBIT "CH1"
‘ CLRBIT "CH2"
| PAUSE .5
END IF
‘ LOOP

| '==—===BEGIN INTERRUPT HANDLERS=—=—==

======BEGIN INTO HANDLER==—=—==—=—==
= inputs: "SPINBL","SPIDATA","SPICLK"
= output: msgrdy, msg@[]

] II!

= uses: int01, int02, int03

= receives two bytes over SPI, msb first.

= puts result into msg@[0] (first byte) and
= into msg@[1] (second byte).

PUSHREG
PUSHFLAGS
INBIT intO1,"SPINBL"

INTERRUPT 0
' IF int01 = 0 THEN
\

msgrdy = 0 '..message ready
flag...
int03 =0 "..bit counter..
ELSE

SHIFT int02,1,LEFT
INBIT intO1,"SPIDATA"
IF intO1 | O then
int02 = int02 OR 1
END IF
INCR int03
BEGIN CASE int03
CASE 8
msg@[0] =
CASE 16
msg@[1] =
msgrdy = 1
END CASE
END IF
| POPFLAGS
; POPREG
END INTERRUPT
: END INTO HANDLER=——==———====—===

int02
int02

=====END INTERRUPT HANDLERS=——=—=—==

The Master controller code is
written to allow a novice to just drop
his own code into the main loop and
be up and running. Comments identi-
fy where | have included example
code, which, in this example, just
aimlessly varies the commands to
each of the three PWM channels once
per second. The example code
should be replaced by your code.

The SPIOUT routine is the code
that actually transfers any command
over the SPI bus to the Slave.

DEVICE 8535
MHZ 8

REVISION 021225.0-rvk MASTER
CONTROLLER

DIRPORT C,5B11110000
OUTPORT C,5B00001111
EQU "C,6","SPINBL"

EQU "C,5","SPIDATA"
EQU "C,4","SPICLK"

NUTs & Vours
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Amateur Robotics

QUICK and PAINLESS

Programmable Robotics!

msg% =0 '...code in this block should be deleted
wemd = 100 '..wheel command '...and replaced
(stopped) *..by the usersieode..... . iiina s Have Your Robot
scmd = 0 '..spear command 4 : 3 Walk AND Chew Gum
(retracted) '"This will issue forward, stop, & reverse
‘commands each second.. AT THE SAME TIME!
MAIN: DO IF wemd = 200 THEN 1 .
wemd =0 [
! ELSE
'=Place user code inside this DO wemd = wemd + 100
'=LOOP. = END IF
'=Read the BLK sensors for msg% = wemd
'=blockages. = GOSUB SPIOUT
'=Read the TGT sensors for PAUSE 10 '..allow slave to settle
'=targets.= msg% = &H100 + wemd

GOSUB SPIOUT
’ PAUSE 10 '..allow slave to settle
'=To control servos, send msg% out

'=via = 'This will change the position of the

'=routine SPIOUT. Do not call ‘spear each second...

'=SPIOUT = IF scmd = 0 THEN

'=more than once every 2 msec. = scmd = 200

'=Format of msg% is: servo # in ELSE

'=upper = scmd =0

'=byte with command in lower END

‘“byte. = msg% = &H200 + scmd Our Co-Processor adds

'= Channel 0 is left wheel. GOSUB SPIOUT

'= Channel 1 is right wheel.

|

| SUPER NEW FEATURES to
= 0 means full reverse, 50 is half PAUSE 0.98 the best of the usual ones.
'= reverse, 100 means stop, 150 is= "...END EXAMPLE CODE..... | | Really Steps UP a Stamp.
'= half speed forward, = LOOP See how far our Products
|

|

'= 200 means full forward. =
'= Channel 2 is the robot's spear. =
'= 0 means retracted, 200
'=extended. =

take YOU!

‘==—"PRFGIN SUBROUTINES===—+=—=

Visit us at winw. nutsvolts. com

BEGIN SPIOUT:
INPUT: msg% =
OUTPUT: "SPIDATA","SPICLK","SPINBL" = 1
uses: spi00~,spi01%,msg% =

Blue Bell Design Inc.
www.bluebelldesign.com

Iwmn

'...BEGIN EXAMPLE CODE...

Circle #107 on the RS Card.

Seetron Serial LCDs

Interface a sharp LCD display to your BASIC Stamp® or other
micro-controller project with ease. No-solder wiring harnesses
and easy mounting kits available too. See www.seetron.com today.

¢ 3.2x 1.4 in. supertwist LCD  $45

* 2400/9600 baud serial BEFZION
® Low (=2mA) current draw
o Great with BASIC Stamps®

® 3.2 x 2 in. backlit LCD $49
* 1200-9600 baud serial il
® Advanced protocol, 4 switch inputs

* EEPROM for configuration settings

¢ Favorite for OEM applications

$99

sax-120. |

¢ 3.2 x 1.4 in. graphics LCD
* 2400/9600 baud serial

* Font and 15 screens in EEPROM
¢ Easily draw points, lines, screens

$119

TRM-425L

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

Scott Edwards Electronics, Inc. 2
1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635 More displays available,

phone 520-459-4802 « ix 520-459-0623
www.seetron.com ¢ sales @ seetron.com

Circle #149 on the Reader Se
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including bright VFDs.
See www.seetron.com
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Amar Robotics

i SETBIT "SPICLK" '..reset the interface.. [
. GOSUB TK5U
. CLRBIT "SPICLK"
GOSUB TK5U
SETBIT "SPINBL"
FOR spi00~-=1TO 16
spi01% = msg% AND &H8000
IF spi01% | O THEN
SETBIT "SPIDATA"
ELSE
CLRBIT "SPIDATA"
END IF
GOSUB TK5U
SETBIT "SPICLK"
GOSUB TK5U
CLRBIT "SPICLK"
GOSUB TK5U
SHIFT msg%,1,LEFT
NEXT
CLRBIT "SPINBL"
RETURN
'====FEND SPIOUT

BEGIN TK5d

STACK 2 "
TK5U: PAUSE .004 |
Transmits msg% (hi byte first, hi bit first) = RETURN i
out over SPI. A message is transmitted in = ! END TK5U
about 256 usec. = - END SBROUTINES:
The receiving device must be able to handle an =
interrupt in no more than 15 usec. =

STACK 2 As can be seen in the SPIOUT routine, we're transfer-

SPIOUT: CLRBIT "SPINBL" ring data at about 15 microseconds per bit. So 16 bits of |
CLRBIT "SPICLK" data (including the synchronization bit) require about 255 ‘
GOSUB TK5U microseconds. That's an average transfer rate of 62,745

y programmable in Basic

£A 2x16 serial backlit LCD
erful servo drive motors
e IR obstacle detector

required
£A Speaker for sound effects

Assembled with processor and ready to go $249.95

NetMedia Inc. 10940 N StallfiiRlucson AZ 85737 520.544.4567

Circle #151 on the Reader Service Card. MAY 2003
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bits per second, a respectable and
useful rate. If this were implemented
on a 16 MHz processor, like the
MEGABS, the data rate would go up to
125 Kbaud. Not at all bad for cheap
Slaves where the interface is handled
in the background by an interrupt
handler!

A schematic of the robot is shown
in Figure 3. The only necessary inter-
connections between the two proces-
sors are the three SPI wires, although
in this design, [ did include a UART
connection (just in case | had trouble
making the SPI bus work). As it
turned out, the UART connection was
totally unnecessary.

The robot’s controllers (there
were two systems built) were built up
on perf-board. See Figure 4.

The 40-pin socket is for the 8535

Amateur Robotics

Master controller and the
20-pin is for the 2313
Slave. The back side of the
board is shown in Figure 5.

As you can see, it isn't
at all necessary to lay out
a printed circuit board if
you wire neatly. So even a
multiple-processor job can
be reasonably built up on
perf-board.

As you can see, |
implemented the Slave
with a 2313 processor. It could be
done with a 1200 also. [ originally
chose the 2313 because it had a
UART on board which I could use for
communications if the SPI bus did not
work. Because [ had a 2313 with RAM
on board, | put the message buffer in
RAM.

This was not necessary at all. The
buffer could have been implemented
in two simple variables, perhaps

Figure 5

msg0 and msgl. Then the entire
Slave processor would have been the
ultra-cheap, bottom-of-the-line proces-
sor, the AT90S1200. It's amazing
what can be done with very little.

The Master controller was chosen
to be an 8535 because we wanted the
students to have lots of room for
code. A smaller processor would cer-
tainly work here, depending on what
you actually need. °

RIGrunner

The 12 Volt DC intelligent power panel utilizing
Anderson Power Poles and standard auto fuses

Features

Turn Your Multimedia PC into a Powerful
Real-Time Audio Spectrum Analyzer

3 models for RV’s, Vehicles, Hamshacks, RCer’s

RIGrunner 4005  $49.95 ,m,

4012
RIGrunner 4008C  $89.95 ,
includes pwr cable and 24 power poles
RIGrunner 4012C $109.95

includes pwr cable and 24 power poles 4008

RIGrunners

RIGblaster
The digital sound card interface which links any amateur radio

SSTV, Pactor, AMTOR, Packet, PSK31, Echo Link, WSJT

standard, M8
3 Models: }

RIGblaster Nomic $59.95
RIGblaster M8 $109.95
RIGblaster Plus $139.95

plus
RIGblaster Models

All units include everything you need: pwr supply, all cables
software (over 60 programs), instruction booklet

Southwest Radio Products

a division of Inkjet Southwest

www.inkjetsw.com/radio

1-800-447-3469

Circle #148 on the Reader Service Card.
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with your computer to enable Virtually all digital modes including:

* 20 kHz real-time bandwith

« Fast 32 bit executable

« Dual channel analysis

* High Resolution FFT

* Octave Analysis

* THD, THD+N, SNR
measurements

» Signal Generation

* Triggering, Decimation

« Transfer Functions, Coherence

+ Time Series, Spectrum Phase,
and 3-D Surface plots

* Real-Time Recording and
Post-Processing modes

Applications

* Distortion Analysis

« Frequency Response Testing
* Vibration Measurements

* Acoustic Research

Priced from $299

(U.S. sales only — not for export/resale)

System Requirements

* 486 CPU or greater

* 8 MB RAM minimum

* Win. 95, NT, or Win. 3.1 + Win.32s
* Mouse and Math coprocessor

* 16 bit sound card

PHS i EJspectra Plus

a subsidiary of Sound Technology, Inc. FFT Spectral Analysis System

DOWNLOAD FREE 30 DAY
TRIAL!

www.spectraplus.com

Sales: (360) 697-3472 Fax: (360) 697-7717 e-mail: pioneer @telebyte.com

Circle #152 on the Reader Service Card. 93




Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips

Stamp Applications
47 yboard Ertry and Display

I'm sure you've heard, perhaps
many times, that "Imitation is
the sincerest form of flattery." |
happen to agree with that
assertion. What I've also found
is that imitation is an excellent
opportunity for self-education.
Let me explain.

Everything For Electronics

’NUTS & VoLrs

ve been very fortunate in my
career to be asked to provide
training for those interested in
learning what | happen to know. For
the last couple of years, I've been
employed by Parallax and have had
the opportunity to teach many peo-
ple (mostly teachers) how to pro-
gram and use BASIC Stamps. | am
often asked what steps one can take
to learn to program BASIC Stamps,
and | generally list three things:

1. Study the available docu-
mentation and examples.

2. Solve a problem — yours or
someone else's.

3. Attempt to duplicate an
existing device.

Of course, for the purposes of
this month's article, we're going to
focus on suggestion #3.

The reason, honestly, has to do
with a recent training session [ con-
ducted in the city of Utrecht, locat-
ed in western Holland, not too far
from Amsterdam. At that meeting |
met an engineer named Wolter who
showed me a really interesting proj-
ect that he was working on and
needed some assistance with. The
dl for the project consisted of a 4x4
matrix keyboard connected to the

94

BASIC Stamp through a 74C922.
His demo used the DEBUG window,
but ultimately he would install an
LCD for local display.

After returning to Texas, [ had a
couple of idea exchanges with
Wolter. His use of the 74C922, and
wanting to use an LCD, tickled my
interest. | remembered seeing this
combination, and finally found it, by
digging through my old documenta-
tion.

Way back in the early days of
the BASIC Stamp, my buddy, Scott
Edwards (the creator of this col-
umn), had designed such a project
with the BS1, and very -cleverly
came up with a scheme that
allowed the 74C922 and the LCD to
share the same [/O pins. This
makes perfect sense from a
resource conservation point-of-view,
since the Stamp can't write to the
LCD and read from the 74C922 at
the same time. So we're going to
use Scott's hardware design with a
BS2 and imitate a controller that I
recently encountered.

Okay, what am [ imitating?
Well, not long ago | needed some
extra storage space so, like many
people, | went and rented a small
room from one of those 24-hour-
access storage companies. After
signing the paperwork, | was asked
to give them a four-digit access
code of my choosing. The manager
programmed the code into a com-
puter, then took me outside to the
gate-access point to show me what
to do with the code.

Just before the entry gate was a
small box with a telephone-style
keypad and an LCD display. The
instructions were quite clear: Press
the [*] key, enter your access code,

then press the [#] key. If the code
was correct and my bill was paid
up, | would be welcomed to come in
and have access to my storage unit.
The manager told me that if | ever
had a problem with my bill, I'd get a
small message to see her. | assured
her there would be no problem —
and, of course, there hasn't been.

After unloading some boxes
into my nice, new storage room, I
found the same type of control box
on the exit of the facility. Getting out
was the same as getting in, and I
had no problem. As | drove away I
thought, "You know, | could have
done that with a BASIC Stamp." So
now [ will.

Share and Share
Alike

As | already mentioned, the
hardware we'll use here was
designed by Scott Edwards, and is
typical of his clever use of inexpen-
sive components. Take a look at
Figure 1. The outputs of the
74C922 are connected to the same
pins used by the LCD buss and RS
line through 10K resistors. The way
the 74C922 works is very simple:
When a key has been pressed, the
Data Available pin goes high and
the key value (0-15) is output from
DO-D3. When the Stamp pins are
configured as inputs, the 10K resis-
tors simply act like pull-ups and
pull-downs so the pins can be read
without any difficulty.

But won't we have a problem
when we want to write to the LCD?
Nope. Let's say that we want to
send a high out to the LCD. If the
associated 74C922 pin is also high,
then there is no issue (no current
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flow between Stamp and 74C922). If the 74C922 pin
happens to be low, the high from the Stamp is felt across
the 10K to the LCD. Again, no problem. Of course, the
process is identical — just flipped — if we want to send a
low to the LCD. That Scott Edwards is a very clever guy,
isn't he?

From a software standpoint, there is no real chal-
lenge. We simply need to remember to make the buss
pins inputs so we can read the 74C922 and make them
outputs when we want to send data to the LCD. We can
do that with just one line of code in each section.

Keyboard Input

After deciding to imitate the gate-entry controller, I
popped over to Tanner Electronics in Dallas and picked
up a 74C922 and a Velleman 4x4 matrix keyboard. | put
together a piece of test code and ran into my first prob-
lem to solve when using the keyboard and 74C922.

If you look at Figure 2, you'll see how the keyboard
is laid out, how the raw values are returned, and how I

actually needed them to be (in order to match the key- |

board). Thanks to the utility of the PBASIC programming
language, the translation is easily handled with one line
of code. Though, as you'll see, | spread that single line
across many to make it easier to read.

Let's go ahead and look at the code for reading a
key. | made the decision that this subroutine would actu-
MAY 2003

ally wait for a key before returning. Obviously, waiting
doesn't work for all applications. In those cases where
waiting is not possible, we'll simply check the Data
Available (aliased as KeyReady) line externally before
calling this code.

Get Key:
DirL = DirL & KeyCfg
DO : LOOP UNTIL (KeyReady = Yes)
keyIn = KeyPad

BOOKRSkeyTn, [ "1, 2, 3,710,

=S =20 KL
ity 8, SIS
14, -0, 115,13 = keyin

LOOKUP keyIn, ["0123456789ABCD*#"], char
IF (showNum AND (keyIn < 10)) THEN
GOSUB Print Char
ENDIF
IF (showExt AND (keyIn > 9)) THEN
GOSUB Print Char

ENDIF
IF (release = Yes) THEN

DO

PAUSE 5

LOOP WHILE (KeyReady = Yes)
ELSE

PAUSE KeyDelay
ENDIF
RETURN
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| Figure 2 ' Numeric Input
‘ Keyboard Raw Codes Translated Codes

‘ | A frequent question on the BASIC
1 1121 51A ol 11 211 3 1| 2] 310! | Stamp’s mailing list is "How can I enter a
number using a keyboard?" Since my little
415|618 4 5 6 7 4 5 6 |11 gate control application needs this, | have cre-
i ated a fairly full-featured routine to accept
’ 718191C 8| 9|10/ 11 7h 8| 9 |22 numeric input from the keyboard. It also
| allows the user to escape without making the
'J *101#1D 1213|1415 14] 0 | 15] 13 entry. As with the Get_Key subroutine, the

Get_Number subroutine uses control vari-

Before I get into a detailed explanation, let me just
share some of my design decisions for this routine: it had
to work with shared LCD lines; it had to translate the key
code to match the printing on the keyboard; it had to
translate the key to an ASCII character for display; it had
to selectively allow display of digit and non-digit keys; and
finally, it had to create a delay for a key being held down
or force the user to release the key before pressing it
again.

Now that you know the design decisions, the code will
be even simpler to follow. We start by making the associ-
ated I/O lines inputs so they can be read by the Stamp.
The first to be checked, of course, is the Data Available
output from the 74C922, which the program has aliased
as KeyReady. As you can see, the program will wait for a
key to be ready using a DO-LOOP. Once a key is detect-
ed, the raw key value is read from the keyboard buss.

Translating the raw key code to a value that matches
the keyboard layout is a simple matter of using LOOKUP.
One of the new features of the PBASIC compiler is the

ability to break long lists over multiple lines (at the com- :

mas). We can take advantage of that feature with our
translation code, and even format the line so that the
translation table matches the keyboard exactly. Once we
have the translated key code, deriving the ASCII charac-
ter for it is accomplished by using another LOOKUP
table. ;

This subroutine uses control variables to determine
the rest of its behavior. The first is a bit called showNum
that, when set to one (Yes), will allow the routine to print
the ASCII value of the key characters "0" to "9." The next
control variable is called showExt (show extended). Its
purpose is to allow the display of the characters beyond
the numeric set. In the case of the keyboard I used in my
project, it has four hex characters, a star, and the pound
sign (it's a telephone keypad with "A"-"D" added).

Finally, the variable release controls key repeating.
When release is set to one, the user must release the key
before the next can be read. In this case, there is a short
delay loop built in to prevent accidental repeating. When
release is set to zero, a PAUSE is used to create a repeat
delay for the key being held.

As you can see, this is a very robust input routine —
[ designed it that way. Many applications will have simpler
requirements, and you can strip away those things not
needed in these applications.

96

ables and even affects bit flags. Let's take a
look at the code:

Get Number:
number = 0
inDigits =
hasNum = No
showNum = No
showExt = No
DO

GOSUB Get Key
IF (keyIn < 10) THEN
IF (inDigits < maxDigits) THEN
GOSUB Print Char

number = number * 10 + keyIn
inDigits = inDigits + 1
hasNum = Yes
ENDIF
ELSE
IF (keyIn = StarKey) THEN
hasNum = No
EXIT
ENDIF
ENDIF
LOOP UNTIL (keyIn = PoundKey)
RETURN

The subroutine starts by clearing the return value
(number), the number of digits entered (inDigits), and the
flag indicating a valid entry (hasNum). It also clears the
external display control variables, since the routine will
want to examine the returned key before displaying it.

One of the control variables used is called maxDigits.
This value will cause the routine to stop accepting value
keys after a specified number of digits have been entered.
Of course, the maximum number of digits that can be
entered is five, but we must be careful because entering
numbers like 99999 will cause a rollover error since it's
greater than the 16-bit maximum value of 65,536.

What the routine does, then, is wait for a key, check
to see if it's a digit (0-9), then checks to see if there are
digits left in our entry field. If this is the case, the charac-
ter is printed and the key added to the return variable. A
flag variable, hasNum, is set to indicate that we have, in
fact, entered a number.

To add the new key to our numeric value, what we
need to do is a decimal left shift of the current value, and
then add the new digit to the one's column. The decimal
left shift is accomplished by multiplying the current
numeric value by 10. This process moves the previously-
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entered digits to the left.

Once we've entered enough digits to fill the entry field,
the routine will simply ignore any key except the star key
(which is used for escape) or the pound key (which is used
to accept the value). If the star key is pressed, you'll notice
that the hasNum flag is cleared and the key input DO-
LOOP is terminated with EXIT. Another way to end the
entry loop is to press the pound key.

Advanced Use of Conditional
Compilation

Back in March, | introduced you to another new Stamp
compiler feature — conditional compilation. Most of the
time | use this to set constants based on the connected
Stamp, but we can also use it to determine code sections
to compile based on our own settings.

Let's say, for example, that we didn't have a 4x20 LCD
handy, but wanted to get started on the code while we wait-
ed for the good folks at Digi-Key to ship out our order. The
Stamp compiler has a display feature built in (the DEBUG

window) ... can we use it to prove our program while wait- |

ing on the display? Yes. Let me show you how.
Remember that conditional compilation control sym-
bols are defined as either true (not zero) or false (zero). If
the compiler encounters a symbol that has not been
defined, it is assigned a value of false. | prefer to be very
explicit in my declarations using zero and one. Like this:

#DEFINE _ ICD = 1

I've made the decision to precede conditional compi- |

lation symbols with two underscore characters. This isn't a
requirement, just the convention I've selected for myself.
While I'm waiting for my LCD to arrive, I'll change the def-
inition to this:

When the LCD is selected, the character (passed in
char) is passed to the LCD_Write subroutine. Also note
that GOTO is used here since there’s a RETURN at the
end of LCD_Write. What Print_Char becomes, in this case,
is an entry to the subroutine LCD_Write. If the LCD is not
selected, then the DEBUG window is used. What this
means is you can run the program with or without the
LCD. Likewise, one could develop a program that uses
either a standard LCD or serial LCD.

One last note on conditional compilation — the direc-
tives actually control which lines of code are compiled and
downloaded to the BASIC Stamp. Keep this is mind, since
code compiled under one condition may need consider-
ably more EEPROM space than under another. Remember
that you can keep track of compiled code space with the
Memory Map function in the editor.

With the grunt work out of the way, the rest of the gate-
control code is fairly simple:

1. Display menu.

2. Wait for code.

3. Check code against known codes.
4. Open gate if code is valid.

The program takes advantage of techniques we've
used in the past, including last month's suggestion to store
strings in EEPROM. This is, of course, a demonstration
program, but could certainly be developed into a full-
fledged application using past projects, including the seri-
al interface for updating the customer database, and a
real-time clock to log entry and exit times.

Have fun with it, and Happy Stamping! NV

Jon Wiiliams
jwilliams@parallax.com

Parallax, Inc.
www.parallax.com

#DEFINE _ ICD = 0

Note that we cannot use the con-
stants Yes (1) and No (0) in our con-
ditional compilation symbol defini- |
tions because conditional compila- |
tion directives are evaluated before |
anything else in the program, includ-
ing constants definitions.

If you look back in the Get_Key
subroutine, you'll see a call to a sub-
routine called Print_Char. Here it is:

Print Char:
#IF _ LCD #THEN
GOTO LCD Write
#ELSE =
DEBUG char
RETURN

#ENDIF
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The Business of Electronics Through Practlca/ Des:gn and Lessons Learned

by Gerard Fonte

In The Trenches

Software Documentation

,oftware  documentation  has
always been a special challenge,
and will probably always continue
to be so. However, there are ways to
improve matters. We'll look at some
basic problems, fallacies, and

approaches to better software docu-
mentation. This information is based
upon actual experience obtained from
many large and small companies.

In the simplest terms, documenta-
tion is the precise description of the
software. The term precise is a critical
concept in documentation. A close
hardware analogy would be the draw-
ing package for a rack of equipment.
This package contains the schematics
of each piece of equipment, the
mechanical layout and assembly of the
components, an interconnect list, con-
nector descriptions, operating instruc-
tions, and theory of operation.

Let's look at hardware documenta-
tion. No hardware engineer would think
of producing a device without this
drawing package. Yet, very often, soft-
ware is developed, sold, delivered, and
changed without any drawing package.
The simple reason for this is that soft-
ware is usually a personal activity,
while a hardware product requires the
interaction of many people. Managers
can't see software in the same way as
hardware. So they often don't know
how to evaluate it. The bottom line is
that if the software works, it must be
okay. So, the programmer sits in his
cubical with his computer, without any
specific requirements other than to
make it work.

Oftentimes, software documenta-
tion is nothing more than a few lines
written by the programmer about what
he did. It's usually written after the fact
and in general terms (so that his super-
visor will see what a good job he did).
How long would a hardware designer
last if he went in a corner for several
months with a proto-board and wired
up a complex circuit, then gave this cir-
cuit to his supervisor with a few sen-
tences of what the circuit is supposed
to do (not what it actually does), and
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perhaps a block diagram that he did
from memory? It is obvious that the
"hardware documentation" from this
engineer is meaningless. It cannot be
applied to the circuit if there is a ques-
tion. It is not complete or precise.
(Precision reflects the correspondence
between what the documentation says
and the circuit.)

Note: Precision is more important
than completeness. This is because
knowing exactly how one part works
will help in understanding how the con-
necting parts work. On the other hand,
information that appears complete, but
is inaccurate, can be devastating in try-
ing to understand something. That is
why a schematic is so important — it is
a precise description of the equipment.
Much information can be inferred from
a schematic.

cware

1). There's no time (or money)
to do it.

This is probably the most used
argument. Documentation, without
question, is a boring task. It's usually
put off to the end of the project cycle
when the time and money crunch is the
greatest. The result is that the product
is completed before the documentation
is really started. It then seems difficult
to justify the need for spending the
time to document a working system. It
seems that this "added" time comes
right out of the profit line. Besides, the
next project is coming up and it's much
more interesting than documentation.

Answer: First of all, documenta-
tion should be an on-going task. While
it is true that the organization of the
documentation is necessarily done
when the software is completed, the
documentation data itself should be
generated during the development of
the software. In this way, the documen-
tation will be complete and precise.
Additionally, the time needed to com-
pile the documentation into a single
source will be minimal. The time for
documentation should be allotted dur-
ing the estimate for the software. It is
just as much a part of the system as

drawings are for hardware.

2). It's just for in-house use.

This argument suggests that,
because only employees will use the
software, that documentation is not
necessary. It's not like we're selling a
product or anything. After all, why does
anyone else need to understand how it
works, anyway? All they need to do is
follow the directions.

Answer: There are several insidi-
ous assumptions in these statements.
The first is that quality is not needed in-
house. This is clearly wrong. Poor work-
manship in tools will show in products
that are sold. The second assumption
is "if they can't understand it, then they
need me." This is another name for job
security. Bluntly, people who feel this
way are typically marginal performers.
This gives all the more reason for bet-
ter documentation. The third assump-
tion is that the software will never
change. This is nonsense. Software
always changes. In fact, the utility of
software is that it's (supposed to be)
easier to change than hardware. That's
why software was developed and why
computers are so powerful.

3). I know the software so no
documentation is needed. (Or
"Trust me. I know what I'm doing.")

This argument (similar to #2
above) suggests that the writer will live
forever and never retire. "I've been here
10 years and know the software by
heart. | don't need to waste time (see
#1 above) on that. I'm a professional!"

Answer: This, too, has several
subtle assumptions. The first is that
only the programmer knows what doc-
umentation is needed. This is wrong
because the programmer is clearly
more concerned with job security and
the existing state of affairs. There is
also the snobbish attitude that the pro-
grammer cannot be criticized by any-
one outside of the programmer's circle.
This is why independent documenta-
tion standards were developed. The
programmer is not always a good
judge of what is needed.

4). If we need documentation,
we'll hire someone. (Or "Give it to
Mikey. He's a programmer. He'll fix
it.””)
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This assumes that any experienced
programmer can be called in at any
time to correct any shortcomings in the
software. After all, it should be an easy
thing to do, shouldn't it? Most of the
hard work is done ... the program
works. All we need is a little cleaning up
to make it look nice.

Answer: The truth of the matter is
that only the easiest work has been
done. Software development is a very
personal experience. An experienced
programmer cannot read the mind of
the original programmer. In order to
understand the software, the experi-
enced programmer must: 1) learn what
the program is supposed to do; 2)
know the formats of the data coming in
and going out; 3) identify the appropri-
ate variables in the program; 4) under-
stand the nuances of the code in order
to learn the reasons for particular soft-
ware approaches; 5) organize the flow
of the program; 6) learn how to operate
the program, and 7) learn the original
programmer's intentions. This is not
simple. And, quite often, it is faster and
better to scrap the existing software
and start from scratch. No one, no mat-
ter how experienced in software they
are, can be expected to unravel the
intricate musings of another without
great difficulty.

5). We've always done it this
way.
This statement is usually found in a
small shop where only one or two peo-
ple work on the software. They are very
familiar with it and see no need to put in
the effort. This is really a composite
statement of #3 and #1. Basically, this
is a statement of ignorance. These peo-
ple do not understand the benefits of
documentation. They've never used it,
so why start now?

Answer: Software is a living thing.
It grows and changes with time. Small
programs develop with time into more
and more complex programs as hard-

ware improves and requirements
change. These simple programs
become complicated programs.

Changing them becomes more difficult.
But, because the developer is ignorant
of the benefits of documentation, the
extra time and effort needed to change
old programs and develop new pro-
grams is accepted without comment.
These people simply don't know that
there are better ways to do these things.
And that these ways have been proven
time and time again.

The Results of Poor
Documentation

Poor documentation of existing
MAY 2003
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software will cause problems in many
areas. The obvious area is when a pro-
gram change is needed. But there will
be problems in the development of new
programs, as well.

Consider a new programmer being
tasked to write a new program. The first
concern for the programmer is to
define the specifications for the soft-
ware. This is important documenta-
tion! It tells everyone what the program
is supposed to do. Without these speci-
fications, the software can be anything
from laughable to dangerous. However,
in a poorly documented shop, this infor-
mation will be vague or non-existent.

Poor documentation in specifica-
tions results in poor software. Verbal
specifications are generally worthless.
Again, consider the hardware analogy.
Would any engineer accept "specifica-
tions" for a device that were vague and
verbal? "l need a device to measure
wind velocity from a ship," may be a
reasonable statement for an R&D effort.
But no engineer would sign a contract
for that without some very specific
attributes defined. Software is no differ-
ent. Precise specifications are the nec-
essary documentation needed to start
any software. These must be in writing,
with enough precision so that there will
be no argument at the end of the proj-
ect as to whether the software functions
as promised. It can be seen that poor
existing documentation and poor spec-
ification documentation can severely
affect software development.

Paying for Poor
Documentation

Poor documentation slows the
learning of software systems. What do
the reports mean? How do | get a par-
ticular report? How do | run the pro-
gram? How can | write a similar pro-
gram to enhance existing software?
Clearly, the lack of documentation is
seen in all aspects of the software, not
only in changing it.

The most obvious problems come
when non-documented software has to
be changed. Tremendous penalties are
seen in time and money. Spending two
weeks during development for proper
documentation can save months of
time during change. The lack of prop-
er documentation will always be
paid for. Saving time and money by
ignoring documentation always results
in spending much more time and
money later. There are no exceptions.
It's just a matter of time.

Lack of documentation hides
errors and makes traceability difficult.
Who knows what lurks inside the soft-

ware if it can't be understood? What ver-
sion of the software is appropriate for
part ZXY? How can [ be sure that this
program is working right? Why is this
procedure used instead of some other
procedure? This is part of documenta-
tion's role.

Unprofessional
Appearance

The final aspect of poorly docu-
mented software is in its appearance.
It's not professional. It doesn't look or
act like a professional product.
Contrary to popular engineering belief,
appearance is very important. The user
sees this software in the same way he
sees a front panel. No one would sell a
product with a front panel labeled in
tape and ballpoint pen. No one would
accept switches or meters that were
unlabeled. No one would allow sloppy
workmanship that made the cabinet a
mess. Yet, often software is sold with
these equivalent defects.

This is because poor documenta-
tion makes the operation of any soft-
ware difficult and awkward. The opera-
tor is expected to make up for the lim-
its of the programmer. Reports are
cryptic and need decoding. Labels are
missing or poorly defined. Functions
don't do exactly what is expected. The
operator must remember special codes
or responses. Inputs are not precisely
defined. In short, poorly documented
software is messy. It looks as if it was
done in a slipshod manner ... regardless
of how well it was written. This is
because documentation extends to the
operator interface. Poor documentation
in one area is almost always followed by
poor documentation in other areas.

What Software
Documentation Should
Consist of

1). Program specifications.

The first critical documentation
item is the specifications of what the
software is supposed to do. This must
include the data going into the program
and the data coming out. It must
include all the functions that the pro-
gram must perform. It must also
include any theoretical, mathematical,
timing, and reasoning considerations,
as required. All of this must be precise.
There must be input and output file
record layouts of all data. There must
be precise functional specifications.
There must be no doubt in what the
software must do. There must be no
doubt as to how or why the software
must operate. And there must be pre-
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| cise constraints placed on the software
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(speed, memory, etc.).

Sometimes, the programmer will
not be given these because he may be
the expert in this area. In that case, the
programmer must prepare these speci-
fications. And they must be reviewed
and accepted by everyone that is
appropriate. (If you asked a repairman
to remodel your kitchen, wouldn't you
require him to tell you exactly what he
was going to do? What would you do if
he said, "Trust me. | know what I'm
doing."?)

2). Self-documenting code.

Probably the most important sin-
gle aspect of documentation is the pro-
grammer's notes inside the body of the
program. These notes tell the reader
why and how things are done. Yet, this
area of documentation seems to be
overlooked. (Perhaps because the
supervisor doesn't usually look at the
code.) Properly documented code can
be read by anyone to gain a detailed
understanding of the software. It is the
easiest and most direct method of doc-
umenting software. It is the fastest
method of documentation.

These notes must be explicit in
explaining what and why things are
happening in the program. A note that
simply restates the operation being per-
formed is meaningless (i.e., "This state-
ment adds X to Y" is meaningless. "This
is an integration operation adding the
last voltage sum with the new voltage
measurement" is very meaningful).

Every paragraph must have a pre-
cise description of its operation. Any
special operations within that para-
graph must be pointed out and
explained. Every line that contains a
non-obvious instruction must be identi-
fied and its operation detailed.

All of this doesn't really take up
that much time. It adds about 20 per-
cent of the time to input the initial
code. But it also makes the program-
mer think about what he is doing. So
this time is not really wasted. The result
is fewer bugs in the code and a better
understanding of the code by the pro-
grammer. The time penalty for adding
the notes is usually offset by faster
debugging.

3). Structured code.

A lot has been said professionally
about structured code. It means differ-
ent things to different people. The defi-
nition used here is pragmatic. It is:
Anything that makes the source code
easier to follow and understand adds
structure. Thus, convoluted logic lacks
structure. Variable labels that are not
intuitively obvious reduce structure.
"Clever" programming tricks that are
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obscure reduce structure. Poor layout
of the program itself subtracts from the
structure of the program. A well-struc-
tured program has a very logical flow of
paragraphs and functions. Those func-
tions that happen at the start of the pro-
gram appear first. Those functions that
are often used by many different parts
of the program are grouped and labeled
as such. Variable names describe the
data they hold. For example, PAGCNT
holds the "number of pages." This has
much more structure than P113. Each
paragraph (subroutine) should have a
single entry-point and exit. If the logical
flow within a paragraph must be
changed because of a variable, then
that variable should contain a meaning-
ful value, i.e., if the operation depends
on the temperature, the variable should
be TEMP=212, referring to degrees, or
TEMPS$="TOOHOT." The variable
TEMPSWT=1 is a very poor choice ... it
lacks structure. There are too many
rules to specify here. And, sometimes
the rules change, depending on the cir-
cumstances.

There is only one single rule that
must be followed in order to write struc-
tured code. That rule is: Make all choic-
es so that it is easy for someone else to
understand the program.

4). Write down all change
requests and program fixes.

This is such a trivial task. But it is
very important, especially at the early
stages of software implementation.
These notes allow traceability of the
evolution of the software. They help in
finding bugs. Without these, the soft-
ware becomes isolated in time. The
original reasons for doing things
becomes lost. Changes upon changes
build complexity without the explana-
tion of the underlying causes.

These change requests do not
have to be formal ECRs (Engineering
Change Request), although they could
be. A simple memo or list of changes
needed with a sentence or two explain-
ing why the changes are needed is suf-
ficient. If the above four items are done
properly, then most of the remaining
items of documentation can be created
without too much effort. They will usu-
ally require only an elaboration upon
what already exists.

5). Cross-reference listing.

These are computer-generated list-
ings that identify where each variable is
used. These are useful when changing
a program so that one can determine if
a change in one place will affect some-
thing in another place. It is important
that these listings be accurate and up-
to-date.

6). Paragraph descriptions.

|

Each paragraph (a logical section
... like a subroutine) in the program
should be described in the documenta-
tion. This description should be precise
in explaining what is happening. It
should be detailed enough so that any
bug that might occur in the future can
be isolated to a particular paragraph or
two. This should be written in simple
English ... not jargon. And there should
be explicit references to program vari-
ables or specific lines of code so that
the reader can go directly from these
descriptions to the program code.

7). Operating instructions.

Every operator response should be
described and defined. This should
explain what happens when key "X" is
pressed. It should say when to press
key "X." It should give the limits of the
data to enter and an example. It should
provide information about the software
that would be useful to the operator.
For example, how long it takes to run
the program, what hardware is needed,
how to hook up the hardware, how
much memory the program needs, and
any other information that could affect
the program's operation that is external
to the basic computer itself.

This should not be a walk-through
of the program (i.e., "The CRT will dis-
play 'XZXX.' When this is seen, press
return."). In terms of documentation,
this walk-through is meaningless. It
doesn't explain the program, it only
describes it. Certainly, CRT displays
and responses should be described
and examples shown. But they should
be used as aids to understanding how
the program operates. Walk-throughs
are not documentation. And they are
poor training aids, too.

8). Theory of operation.

This discusses how the software
solves the particular problem it was
designed for. It explains the problem
and tells why it is a problem. It discuss-
es this particular solution and why it
was chosen over other solutions. It
shows the correspondence between
(parts of) the solution and particular
paragraphs within the program. It pro-
vides a general flow of how the program
operates, again referring to paragraphs
within the program. (This is the docu-
mentation that many people refer to
when they say "documentation." But
this is really only an overview. It is use-
ful for building a general idea of what
the software is doing. However, note
that if the paragraph references are not
included [#6 above], which is typical,
then this documentation has little
value.)

9). State diagram.

Many people will disagree with the
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idea that a flowchart is poor documen-
tation. This is because flowcharts have
always been associated with programs
and computers. However, while flow-
charts have their uses in the classroom,
their utility fades in real life. This is
because a proper flowchart should
show every decision and operation with-
in the program. If the program is sever-
al thousand lines long, then the flow-
chart becomes impossibly huge. What's
more, it must be done by hand (comput-
er generated flowcharts are terrible) and
is, therefore, inaccurate.

In addition, in a practical world,
these flowcharts are rarely updated, so
they become outdated, too. Typically,
flowcharts are generated after the pro-
gram is completed and show, in a gen-
eral nature, what the program is sup-
posed to do. In terms of documentation,
this is neither complete nor precise.
Therefore, it is not too useful.

A much better illustration of the
software is in the form of a state dia-
gram. This breaks the program down
into functional segments and shows the
logic paths between these segments.
Each segment consists of one, or more,
paragraphs that perform a reasonably
isolated function. Whenever a different
function is referenced, a line is drawn to
that function. This shows the interac-
tions of the functional parts of the soft-
ware. This drawing is fairly direct and
simple. Even large programs can be
shown on a page or two. This provides a
much easier (therefore, more complete
and accurate) method of graphically
representing the program.

Additionally, large and complex
state diagrams can be sub-defined into
more detailed state diagrams. That is, a
single box in a state diagram can have
its own state diagram. This hierarchy of
state diagrams can be very useful.

10). Training course.

Probably the most overlooked
aspect of documentation is in showing
someone else how to use the software.
This has two useful benefits. The first is
obvious — the user learns how to use
the software quickly and directly. This
spreading of information is useful later if
the program needs to be changed,
because it may be the user that defines
the changes needed or even makes the
changes himself.

The second benefit is that the pro-
grammer finally sees exactly how the
software is to be used. Quite often it is
found that a simple change could make
the software much more useful. But,
without this opportunity of bringing the
user and programmer together, the soft-
ware often suffers. A training course
(possibly just sitting down for an hour
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with the user, going over the software) isons to hardware to show how much
should always be part of the documen- | more difficult software documentation
tation. is. This is because you can't hold a pro-

gram in your hands and look at it like a
piece of hardware. Software is an idea
and has no physical existence that any-

Naturally, the actual documenta- one can see.
tion for an embedded front-panel con- Rather, it's a construction of con-
troller is very different from a payroll | cepts built with the creative mind of the
program. But, the concepts and objec- | programmer. Of course, it's hard to
tives are the same. Documentation is a document. But, for these same reasons,
means of teaching someone else about it becomes that much more important
what you've done. I've made compar- to document it properly.
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QUESTIONS

I am looking for a kit or circuit for
building a date/time generator for a
CCTV camera/VCR set-up. | use a
composite signal only.

I use my CCTV cam for recording
lunar and planetary AVIs. I'm also
seeking information or circuit on
video integation.
#5031 Bill Hepner
via Internet

I own a DCT 1134 converter for
cable. | have been in electronics all
my life and would like to know more
about this piece of electronics.

Where can | get a schematic for
this unit? What is the phone jack in
the back for? Is it for RS232
communications and, if so, what is

4
7

the criteria for communication? There
is a slot in the back, is this for
programming the converter? What is
the pinout on these jacks or
connectors?

| do electronic repair and this has
been the hardest piece of equipment
to get information on.
#5032 Normand

via Internet

I would like to feed a security
camera output to a VHS VCR to
prevent unauthorized persons from
entering a restricted area and using
equipment (by which they could be
injured).

My VCR can be easily controlled
by CC relays, K1 to close for 115 VAC
power, K2 to simulate the RECORD
PB, and K3 to simulate the PAUSE

This is a READER-TO-READER Column. Al
questions AND answers will be provided by
Nuts & Volts readers and are intended to
promote the exchange of ideas and provide
assistance for solving problems of a technical
nature. All questions submitted are subject to
editing and will be published on a space
available basis if deemed suitable to the
publisher: All answers are submitted by readers
and NO GUARANTEES WHATSOEVER are
made by the publisher: The implementation of
any answer printed in this column may require
varying degrees of technical experience and
should only be attempted by qualified
individuals. Always use common sense and
good judgement!

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

ANSWER INFO

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

* 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.

* Your name, city, and state, will be printed in
the magazine, unless you notify us otherwise. If
you want your email address printed also,

indicate to that effect.

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

QUESTION INFO

To be considered

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

I) Circuit Design

2) Electronic Theory

3) Problem Solving

4) Other Similar Topics

Information/Restrictions

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

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

 Questions may be subject to editing.

Helpful Hints

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

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

* Include your Name, Address, Phone Number,
and Email. Only your name, city, and state will
be published with the question, but we may
need to contact you.

f

’ NUTs & Vours

102

function. K2 should energize after the
tape is threaded during the power on.
K2 should remain energized until the
VCR power (K1) is removed (lights in
room go off). The actual recording
should then be controlled by K3 by
using the PAUSE (PB) function for
15-30 seconds every two-three
minutes (K2). [ wish to use 555s not
4017s.
#5033 Len Duncan

Oceanside, CA

| am a hobbyist/experimenter
and do most of my work on a
traditional solderless breadboard.
Unfortunately, my soldering skills
aren't that good, but I'd really like to
experiment with some of the new
devices that are only available in a
surface mount package. Any advice
on how | can do this? Is there some

sort of adapter or socket | can use?
#5034 Jeffrey Schwartz
via Internet

| have an old Dish TV satellite
receiver that is a single LNB (we
switched to cable). Is there anything it
can be used for? Maybe picking up
weather or some kind of free data? (I
don't mean illegal hacking.) Or
maybe connect a BASIC Stamp to it?
#5035 Robert North
via Internet

How can | use LEDs as a turn
signal in a home-built car, | plan to
build? 1 think 10 each would be
enough for each signal device and |
would recess them a 1/4”. Another
application for LEDs could be remote
lighting of inspection panels around
appliances or plumbing fixtures. But
how to string them in a house is
problematic.
#5036 Jim Estes

I'm finding voltage doubling
circuits that need AC input. What
about DC-DC?
#5037 Aaron McKinnon

Eastsound, WA

[ fly frequently for work, and
often I listen to the Air Traffic Control
channel that is piped into the audio
jacks on the seats in the plane. On
some planes, there is a very annoying
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level of 400 Hz interference,

sometimes to such a degree that |

listening becomes almost impossible.
Can someone suggest either:

l. A readily-available (and
inexpensive) inline filtering
mechanism which can be plugged
directly into the stereo headphone
line? This should remove the 400 Hz
noise and leave the remaining audio
spectrum alone.

2. A simple circuit which could be
built to do the same?
#5038 Bob Nirenberg

via Internet

| have a Gateway FPD1500 15"
LCD Desktop Monitor with a failed
backlight inverter (this is an almost
current model, but Gateway will not
service it or provide
parts/assistance). The inverter is
made by LG (or maybe LGPhilips,
they won't help either) and is
"LG1501 Rev. 4.0."

The one-amp fuse was blown,
and | replaced it with a #30 wire-wrap
wire, then the main FETs started
smoking. With difficulty, | found the
FETs to be IR FR5505s, and replaced
both of them. It actually worked for
10 seconds, then they blew and
started smoking.

Does anyone know of a source
for parts, complete inverters,
schematics, information, anything?
Even connector pinouts to allow
possible use of a completely different
inverter?
#5039 Barry Watzman
Watzman@neo.rr.com

I am in need of a BASIC
computer language that [ can get into
and run on my very old RadioShack
TRS-80 Model #4 computer (please,
no laughter) that will allow a variable
expression to be used in ‘GOTO N’
and ‘GOSUB N’ statements; ‘N’ being
a variable. For example:

10 A1=50

20 GOTO A1l

30 PRINT“TEST FAILED”
40 END

50 PRINT“TEST PASSED”
60 END

I have been told that Micropolis
MAY 2003

BASIC would run on my TRS-80, but |
| can't find any information on this |
old BASIC interpreter. Can anyone

help me?
#50310 Stuart B.Wahlberg
Blythe, CA
ANSWERS

[1031 - JAN. 2003]

I'm interested in building an
interface for the basic controls of a
camcorder with an "i.LINK"
(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?

The IEEE 1394 is a high-speed
serial bus that allegedly provides
enhanced PC connectivity for
consumer electronics audio/video
(A/V) appliances, storage
peripherals, other PCs, and portable
devices.

This page www.microsoft.com
/hwdev/bus/1394/default.asp
includes links to a large array of
information related to IEEE 1394,
including a link to Global Engineering
Documents http://global.ihs.com/
Where you can purchase a copy of
the associated standards or at least

search for them. Once you have the
right standard number you might be
able to get a copy from your local
library. A quick search turned up :

ETSI TS 102 813

Revision: 02 Chg: Date: 11/00/02
DIGITAL VIDEO BROADCASTING
(DVB); IEEE 1394 HOME NETWORK
SEGMENT

I'm not sure this is the document
you are looking for. If it is, you can
purchase a hardcopy or download a
copy from Global Engineering
Documents for $30.00.

Tom Tillander
via Internet

[2032 - FEB. 2003]

| have an aftermarket CD
player in my car that came with an
infrared (IR) remote that mounts on
the right side of the steering wheel.
However, I need to mount it on the
left side.

I need a wired IR repeater in
which I can mount the IR sensor on
the left dash, run a wire to the
center console, and have an IR LED
retransmit the signal to the radio.

#1 Try using a fiber optic cable
from the transmitter to the receiver. |

[

[3033 - MAR. 2003]

I'm looking for a simple
oscillator circuit that would operate
off of three volts that could be varied
in frequency by a variable resistor

| from 20-300Hz. It will power a small

transformer to invert the voltage to
50 volts at very low mA.

A CMOS 7555 will do the trick for
you. This chip can be configured to
operate anywhere from less than 1 Hz

to about 100,000 Hz by simply
changing the value of either a resistor
and/or a capacitor. Below is the basic
circuit to use. The chip will output
about 100 mA by itself, but a transistor
can be added to switch power to your
transformer, if you need more. | recall
that you only needed a few mA at 50
volts. Happy Circuiting!
Craig Shippee
South Walpole, MA

F=1.4/(R,+2R,,)C
(Ra*2Ry) [3v
Ra
, 18 4
g =L Osov
. utput
Rp 617555 i
2 !
i: i 1K
bt e = - e :—(
470uF 7T C < 2N2222
25V




| have been able to control a dish
satellite receiver with more than 200
| feet of cable used for PC serial port
| communications. RadioShack has
fiber optic cable.

You can also try fixing small
mirrors on the CD player and/or the
transmitter to reflect the infrared
signals.

my VCR remote signal to the VCR in
the living rocom when | am in bed (a
distance of 35 to 45 feet) and it
| works great.

via Internet

#2 You can try a simple IR
detector/emitter pair.

+5V

IR
Phototransistor
AR

2N3804

AAAA

IR_LED 220

&fio

You just need to mount the IR
phototransistor on the left, near
where the receiver will typically be,
and the IR LED in front of the
receiver on the CD player. All parts
should be available at RadioShack.

AA batteries or run a 7805 five-volt
regulator from the 12 volts of the
cigarette lighter jack.

You might also try using one of
the Sharp modulated IR detectors
that RadioShack sells. If by chance
the transmitter operates on 40 KHz
signals, it would help block out
background noise. Also, you might
need to use a more sensitive

phototransistor and/or more
powerful IR LED.

Evan Dudzik

Orono, ME

[2036 - FEB. 2003]
Where can I find a MM5369 60

104

| NUTS& VoLrs

[ use a mirror in my hall to reflect |

Rick AI5H |

For power, you could use some |

Hz timebase chip? It seems to be |
obsolete and very hard to find. \
#1 One place in particular seems |
to have almost all of the oddball
chips | have looked for. This
particular chip — the MM5369 — was
used in an old regency K500 scanner
I once had. The place to get these is
through www.onlinetechx.com.
Note the strange spelling of the word
techx. [ already did a search on the
website and they are available.
Terry Kasie
via Internet

#2 The MM5369 Timebase chip is
available from Comptronics, Inc.
They have 40 in stock. Contact Doug
at 1-800-800-9107, or you can
email same at Doug@icparts.com.

Joseph Kish
Clackamas, OR |

[3031 - MAR. 2003] ‘
I have a "Media Vision" CD |
player (Model: Memphis), with a
nice set of detachable Bose
speakers. | want to connect the
speakers to another audio |
source/computer, and | need the
pinout of the DIN connector
attached to the speaker cable.

#1 Media Vision is permanently
out of business, however, some
technical, files, and support pages
can be found at these websites. The
Memphis unit is part #660-0019-01. }

www.dragonphyre.net/complete/
mediavis/smc¢mph.htm

www.dragonphyre.net/complete/ ’
mediavis/tmemph.htm

A complete diagram and layout
for the Media Vision Memphis CD
Player and Memphis Interface card
with speakers is located at
www.dragonphyre.net/complete/
mediavis/bmemph.htm.

Arthur Hazboun
Harbor City, CA |

#2 This is basic "light bulbs and
batteries" stuff. You can determine
the continuity and polarity of a set of |
speakers with nothing more than a ‘
nine-volt volt battery and a snap-on |

connector. Open up the speaker
boxes and start touching the wires
from the battery connector to
contacts in the speaker connector.
When a speaker cone moves toward
you, you have found which pins are
connected to it and demonstrated
what is called "positive" polarity. The
battery wire which is connected to
the positive voltage of the battery is
connected to the speaker terminal
which is to be labeled "+".
Chuck Larson
Largo, FL

[3032 - MAR. 2003]

I've always enjoyed singing
my own lyrics to popular songs
(parodies). It would be a great
kick, however, if I could hear the
original artist sing my lyrics.

My thoughts are along the
lines of a DAW (Digital Audio
Workstation). A scenario might be,
playing several of the artist's tunes
into the computer's memory to
"learn” the artist's vocal
characteristics; then play the song
you wish to parody — the lyrics
come up on the screen, and you
edit them to yours. The playback
would now be the original tune,
and the artist singing the new
lyrics.

Digitally modifying a song so
that different words are heard in the
original singer's voice is a tall order.
What you're asking for is speech
synthesis, not audio editing. In many
cases the exact speech sounds that
you want will not be present in the
original at all, so it's not just a matter
of moving things around or making
changes in pitch or loudness.

If you had a really large sample
of the original singer's voice, not just
one song, you might begin to make a
start. But you would need more than
one instance of every speech sound,
because adjacent sounds influence
each other; for example the K in
"kitten" is not the same as the K in
"ask" or even "koala."

And there is certainly, at present,
no software that can listen to a song
and make words come up on the
screen for you to edit.

Michael A. Covington
Athens, GA
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www.web-tronics.com

stem w Audio 10 Turn Precision Pots ~  PRICED TO SELL!
i o ”:u’u“‘m{fr” 1/4” Shaft Double Dipped Comfort Handlcs
ch vide Double Leaf Springs
1 watt ; :
~i7" -- Ergonomic Design

or use it as « buby
item # Dual View T new- 2rna[n stvles g TS
FIC€. FREE UPS ~ ~_ to choose $1 19 ea.!
b GROUND price per value from! c =

o VCR for Video
W iy )bt | 10 100 ‘Styles & Details @ web site
lls@qvtveb soval View'  §695  §550  $4.95 Rl

GTRL - D Stocking standard values from ~ Triple Output Bench Power Supply
beOO‘V_nﬂfk 100 ohms to 25K ohms v with four 3 1/2 digit LCD Displays
thissite_” ({etails @ web-tronics.com =/ S Qutput : 0-30VDC x 2 @ 2 AMPS

& 1 ea. fixed output @ SVDC
Source Effect: <0.02% +1mV
Load Effect: <0.01% +5mV
Ripple & Noise: <ImVrms

I Dimensions: 365 x 265 x 164 mm
Cszq?}? 513 3$1$ 513 %3)0 Input Voltage: 110VAC+/- 10%

Details at www.web-tronics.com

- mful fumes
while soldering.

CStase>27-99

Personal Fume Filter for Soldering
CFor More Info See www.web-tronics.com

u rks ¢
, . jly Wo! tan
$99.00 !! AFantastic Wireless ThtRe Y pdded Cons 7'

item# Color Camera SystemNeW Detallea S

GFP-§400 Complete Package! Specs on the) ¢ Controlled !

ruggec | Includes: _— 2 !

Aluminum body | *Mini -box color cam pyiit-in omni dir. pre- J 4 el
w 2.4GHz Tx. amp lified FETmic _  |n Business

*2.4GHz 4 CH Rcvr. Jn?'u'.r’felzé'g’é ?)30 Since 1971
: Is, 2 LUX
*Plug in powe ""‘e SMD RE-WORK SYSTEM w Vacuum
@ supplies (2) (80K sppemed Pick-up tool.  Details @ web site !
Circuit Specialists Soldering Station
w Ceramic Element&  Rapid
Seperate Solder Stand Heat Up!

*with ceramic heating element for more
accurate temp control2.2
*with tem&control knob in F(392 to 896deg)

-

SMD RE-WORK SYSTEM w Solder-iron
item# CSI1906

Includes 4 Nozzles!

& C (200-480deg)
*3-con grounded ‘rower cord/static safe tip
*Seperate heavy duty iron stand ITEM# T -
*replaceable irons/easy disconnect = ) new? ?
*extra tips etc. shown at web site CSI-STATION1 I

Hand-Held 3.0GHz Universal Coulhter
*10 digit LCD Display

*High speed 300MHz direct counter w 0.1Hz Field Strengt only $99.00!
resolution ey o Super Econom DMM
*50 ohm input for full range 1IMHz to 3.0GHZMe?S(9 [yment pe v

1999 counts LCD Display, 1 10 50+

coverage *extendable/retractable whip antenna 15mm digit height
*Ultra sensitive synchronous detector 16 segment *Internal 44A Nicad batt pack HfE D 4-? A "6% D $9.99 $7 99 $6.99
bargraph display of RF signal strength (600mAH) Audible Continuity :Rg xo:ts %003/:2‘/)%)\ /20V/200V/600V
*4 selectable gate speeds *QVDC, 500mA wall plug-in charger Rubber Boot olts:
*hold switch locks dlspla\ : RS 5 Included :gC .Cturre?tz ‘ﬁ)/(;u]g;;é})zn‘;&/(l/g:i
*low power ¢ ion (6 hr nicadoperation) 51 Includes *Siisel-s ;3“8':5‘69 Al e
Extensive Details (@ www.web-tronics.com : { test leads L CSI 830

Protek 40, 60 & 100 MHzRealtimeScopes

Our Best

Brand New SCOPE DEALS
2 Channel AMAZING Not Refurbished! !
Dual Trace VALUE S ! includes 2 scove nrooe igh stability digital read-out bench power supplies
6” Internal Grid 40MHz only $379.00 s==nmss=mn, featuring constant voltage and current outputs. Short-

circuit protection and current limiting protection is |
ALTTRIG provided. Highly accurate LED accuracy and stable line \<(‘

TV Sy 100MHz onlv$599.00 ‘ ; regulation make the 3000 series the perfect choice f L |
- 4L:Z:§d Time &' Real Time Oscilloscope lab and educational use. New ! e

See all Details@ web-tronics.com under Test Equipment Line Regulation: 2x104+1ma 2 . ' ; 1
NOW  LEDAcauracy: Votage 1% +2digis Lower Prices | ;
We Sold Over 800 Last Year!

Protek’s Best DMM Current +1.5% +2 digits
with RS-232 Interface & Software, 3-3/4 Digit, 4000 Count, Auto-Ranging with Analog . QN LY Wave Line Noise: <1mvrms

ALTMAG 60MHz only $399.00 |

Bargraph Dimensions: 291mmx 158mmx136mm e veoss
+ True RMS Mode + Pulse Signal for Logic&AudibieTest Q
+ 10MHzFi Counter « Conti /Diod / 4 o
el e N i ;L\%:CEUW 0 ;: ik i CS13003:0-30v/0-3amp1-4 / $89.00 5+/$85.00 Q Q Q ‘
. 10L0M@;xu0/{\Mem0éy ; . ggg%dgglslrnputmme\fv%mmg : ( gl\()o} 0-50v/0—3amps 1-4/%99.00 5+/895. f)ﬁ" , .
- DecoalNiosaurement + Data Hold/Run Mode Bookmark our WEB Slte!Many morePower == ess
+ Capand Ind. Measurement « Safety Design UL1244 & VDE-0411 . f . 5 B
+ Temperature Mode (C/F) + Protective Holster Supplies are Available. Look Under Test Equipment
« KType Temperature Probe Included + Silicon Test

Item # PROTEK 506 $129.00 ea. qty 10 :
CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210

‘ Circlg #l4§ n the Rfaader Service C rd 800'528'141 7[480'464'2485’FAX-' 48
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www.wel tromcs.com

P Di orage Oscilloscope Module

Convert any PC with USB

\i interface to a high performing

Digital Storage Oscilloscope.
This is a sophisticated PC
based scope adaptor providing
performance compatible to

PC based Digital s:ozagl«

Oscilloscope, 200MHz

5G8/s equiv. sampling

USB interface

mid/high level stand alone
item# 200DSO S 8 69 O 0 test equipment.

products costing much more!Ships
with two probes
Intelligent DMM withPC Interface
*Auto-Ranging

Complete details & software
*Dual Display

*Conforms to IEC1010

L *3999 counts & 38segment
. bar graph display

. *DC voltage(autoranging)
. *AC voltage (auto ranging) *2 Channel
| *Temperature measurement “Ext Trig
*Resistance (auto ranging)
*capacitance

*diode testing

*transister check

*audible continuity

= .4,! P R ]

OPTAsco
Digital Real

item# CSI345

Ships with Rubber S
Boot, RS-232 cable,
Software Now Only

& Test Leads & $39.95

K-probe
Details & Software Download @ our web site
Intelligent Multi-function Digital Counter
An intelligent multi-function
counter controlledby an 8-bit
micro-controller with
eight-digit high bright LED
display. Four measuring
functions (frequency,period,
total mode & self-check).
Also,a 10MHz OSC.OUT.

item# CSI 6100

Frequency Measurements: .
CH A, Range 10 to 100Mhz ~ New Lower Price!
CHB, Range 100Mhz to 1.3GHz

DETAILS AT OUR S] 29-0 4

LR J
WEB SITE under TEST EQUIPMENT

SALE!
$129.00

LED’s/Megabright Blue, White, GREAT PRICES!

L . lumi
m—»———-——— intensity @
20mA

Megabright Blue Smm (L7113PBC/G) 1400

Megabright Blue 3mm (L7104PBC/G) 600 $1.95 $1.50 $1.25

Megabright White Smm (L7114PWC/G) 600  $2.15 $1.59 $1.35
more technical details @ our web site under SEMICONDUCTORS
FLASHING red 3mm (L36BHD) as low as $.28 ea!

PROGRAMMABLE DC POWER SUPPLY

NEW!!

only
$199.00 !!

*Stores up to 10 settings for fast & accurate recall

*Backlit LCD display manual pdf available @
*High Resolution (ImV)  web-fronics.com

*PC compatible (with optional RS-232 adaptor module)

*Easy programming w numeric keypad or fast rotary code switch
*Power shut down memta function

SPECIFICATIONS(@ web-tronics.com (under test equipment)

1 10+ 100+
$1.95 $1.50 $1.25

www.web-tronics.com

; 1
download @ our web site under $59.95 $52.95
item # CSI 1802D

ime Oscillosét

An affordable USB digital
oscilloscope for students & hobbw ists
*1Ms/s Max Sample Rate

*8 Bit Vertical Resolution

$169.00

Intelligent Auto- Ran% 1\§
Our Most Sophisticated
Large 4 Dig backlit 8000 count
dual display & Analog Bargraph.
1 RS232 LR. Interface/software/cablehghfwe _Ight portable analyzer & is a must §
4 display modes, True RMS |
{ value & Freq. of Min/Max
values: Temperaturein F/C;
relative quantity & error % of
Hrelative value at the same time...
MORE DATA @ WEB SITE

2 CSI 8203

www.web-tronics.com

f. 2 AMP 0-18V Bench * Personal UV EPROM

Power Supply
.CD Display ERASER

nput voltage: 110VAC
utput: 0-18VDC

Current: 0-2A

Source Effect:<0.02%+1mV

Load Effect:<0.01% +5mV

Ripple & Noise: <ImVrms

5+

item#
D-ERASE
$49.95

Erase Up to4 Chips at a time
Adjustable Timer..4 to 24 minutes

Innovative 5 in 1 DMM
IntegratedSOUNE
LIGHT/HUMID

SENSORS

DCV/ACV/RES/

e

CONT/DIODE

CSI 8209$49 00

More Information
WWW. WeD-Ironics.c

RF Field Strength Analyzer
The 3201 is a high quality hand-held RF
Field Strength Analyzer with wide band
reception rangm% from 100kHz to
2060MHz.The 3201 is a compact &

EXTENSIVE DETAILS @
www.WEB-TRONICS.com
item# SCOPE 81M

DMM
'M Ever!

chnicians. Ideal for testing,

mstallmg & maintenance of Mobile
Telephone Comm systems, Cellular ==
Phones,Cordless phones, paging systems, |
cable &Satellite TV as well as antenna
installations.May also be used to locate
hidden cameras using RFtransmissions

Extensive Tech Details & a Special Offer

At Our Web Site (www.web-tronics.com)

ST89:00_
FLUKE

Visit our web site & view
our extensive offering of new
FLUKE TEST EQUIPMENT.
Just go to our home page &
selectTEST EQUIPMENT.
We’ve got great deals

New !

FLUKE COLOR SCOPES "~

GREAT 1/4 Watt Carbon FilmResistor Deal !

1-199 200 1000
$.07 $.01 §$.003

as low as

$3 0 (qty. price breaks are for the

per t Ousand same value resistor. 200 lot

5% tolerance/bulk packed Ppricing & 1000 lot pricing
All Standard Values based on ordering in multiples
from 1 ohm to 10 meg ohm ©f 200 or 1000 of each value)

BAG ofLEDs DEAL 100 LEDs for $1.50 !

Normal brightness leds now available
in RED or GREEN in 3mm or Smm size.
Your choice. Each bag of 100 costs $1.50 !
(lthat s 1.5 cents ea.!) Each bag contains
X 00 of the same led.
BAG-RED 5mm....$1.50 BAG-GREEN 5mm..$1.50
BAG-RED 3mm...$1.50 BAG-GREEN 3mm..$1.50

PC

Circuit Specialists now carries
FLUKE pn«:ST "EQUIPMENT

Visit our website for a complete listing of our offers. We have over 8,000 electronic items on line @ www.web-tronics.com,
based data acquisition, industrial computers, loads of test equipment, optics, 1.C’s, transistors, diodes, resistors, potentiometers,
motion control products, capacitors,miniature observation cameras, panel meters, chemicals for electronics, do it yourself printed
circuit supplies for PCb fabrication, educational D.I.Y.kits, cooling fans, heat shrink, cable ties & other wire handleing items, hand
tools for electronics, breadboards, trainers, programmers & much much more ! Some Deals you won’t believe !

CIRCUIT SPECIALISTS, INC. 220 s. Country Club Dr., Mesa, AZ 85210’ 3
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otin Appl

Parallax offers Javelin Stamp Applications with
source code for free download at www.parallax.com

Here is a list of the available files. Check our website for new updates!

ANOO1a Getting Started with 1-Wire
ANO02  DS1302 Real-Time Clock
*C Primer
LED Terminal
Using the Microchip 24L(256 EEPROM
Using the Analog To Digital Abstract Class
Using the ADC0831 8-bit Serial 1/0 A/D Converter
~ Using the LTC1298 12-bit A/D Converter
Using The BPI-216 Serial L(CD Module
Using a Serial Mouse with the Javelin
32-bit Integer Math for the Javelin
The text format library

dr?mmed in a subset of the Sun Microsystems Java™

RAM/program space; 32k bytes of non-volatile
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