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AUCTION BLOWOUT!

Over 2,000 Items on Ebay! Many from Distressed or Bankrupt Dot-Coms!

24GB Ultra SCSI DAT Tape Drives Cisco Routers and Hubs
No Minimum Bids! Bids Start at $50

@88080sass

Sun Workstations and File Servers 15,000 RPM Ultra 160 Hard Drives
No Minimum Bids! $10 Minimum Bid

Disk drives cost too much. Take advantage of dot-com closeouts and bankruptcies.We're
liquidating thousands of PCs, hard drives, and accessories. Visit www.scsidrives.com and name your
own price! Join our mailing list for advance notice when special sale items arrive!

4. CORPORATE SYSTEMS CENTER

3310 Woodward Avenue, Santa Clara, CA 95054 (408) 588-1110
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Wall Wart Special! Disk Drive Deals! | Pentium Il Special!

2.1GB |DE Laptop 4.3GB SCSI1/2HEIGHT 9.1GB SCSI ULTRA-W
& 12VAC, 1600mA Class 2 transformer + Model No. DCRA-22160 #® ST15150N hard drive # Seagate STINTIWC

111 20VAC, BOHz, 200 windifal plig #115200 cyl, 16 heads, 63 secT 121 Hds, 11 Disks, 3,711 Cyl. #17200RPM, 4.6mS av. latency & Dl G BRSO MEe
#!Plug: 2.1mm dia center, Smm sleeve #15VDC @ 520mA. (peak) 17,200 APM, 9.0 mS avg. seek # ! B0-pin connecior ¢ SGETHD; &2X G, 3.5 FD)
#!iAvailable by the case - 3000 available ¥ THBES i e St HSC o0 ey warinty ! e #!6AMB RAM (128M8 - add $10)

#!Case of 25 - (29 Ibs) -) HSC# 19220 i HSC# 1841 2 8 HSC# 18753 #!Video, sound, USB, Netwk, SIO/PIO

& !'New units - 30-day warranty # ! Keyboard & mouse included! 'Limited quantities!

HSC# 18524 $29.50 $39.95 $24.95 $39.95 HSC# 19251 $249.00

e Tl I HSC Web Specials! | |, 7 zreme:

!0 - 130 VAC output @ 20A #!10Base? &10BaseT cables included!
h2lvansme S o Bl i You can find these in the “Specials” area of our on-line shopping pages at #!For notebocks/PCs with Type il siots

& 'Meter, lluminated switch . i r
www.halted.com...check them out and use our secure site to place your order. e
# ! New...80-day warmanly alted.com...chec Py 9 G PEey ol # ! No jumpers or switches - Two LED status lights

# ! New, boxed, diskette & manual, 90-day warranty
HSC# 80461 $95.00 - Mouse, 2-button HSC# 19125 $9.95
) HSC# 18731 $3.95 10-Base T card, ISA -
HSCi# 18943 $4.95
20KOhm/V Analog VOM

DMM w/tilt-display! HSC# 18260 59.95 PCMCIA SCSI!

SCSI Controller, PCI
§, (ERCEER DM Wi seimal Tower, cabinet, 7-bay HSC# 18218 $9.95 s S oMo
#VAC/DC volts, Ohms, Current, Capacitance # ' Epson/Adaptec APA-460B

Frequency, Temperature, hFE HSCH# 80544 $42.50 #'Up to 2mBisec. bus rate

- Mouse, w/ keypad
! Wide range measuraments d...m HSC# 80539 5395 # [For DOS, Win3.1, 9598 & NT
#!Compare al $70, $80 +! = 4 !OEM pack, w/DB-25 cable

g Color camera, digital SCSI Controller, ISA
& ! New, wites! leads, i be. o 1 S 4! 90-da’ ty
e oo L i HSCH 175033 $9.95 “ HSC# 17995 S$7.50  Motherboard, 486DX4 AT i HSC¥3;31 60 $49.50
= HSC# 18529 $9.95 i -

(3] = K
- = .
Pentium M/B 5 For secure, online
# Asus Modsl No. P593VM Batt charger, NiMH shopping...

® For Intel PSSC-MMX/PS4CIPS4CS H m HSC# 19151 $17.50
AMD Ke-2/K6-11, IBMCyrix Wil [ ! . Check out our Memo Recorder w/VOX www.halted.com

SO S PO, EASOPIONED I Weekly Specials! HSC# 80618 514.95 Plus...more info

#1BMB AGP, M8 Flash, 1MB cache ialtad’
#!Much morel! 90-day warianty www.nailtea.com ..BIGGER pictures!
HSC#19237 $39.50 AV ‘Firewire’ card, ;

HSC Special e “5007/ .
Package Deal! MM Seithe hihan Clamp Meter

BUY THE ABOVE MOTHERBOARD & + Modal No. AEEC-2881 {
ADD A AMD K6-2/450 MHz CPU Solder Pm. 6oOW 4 1A Volt: 200/600 - DC Voh: 2-600

: 12VDC 40 AH, lead/acid 7
FOR Jush...iiiisiinsss $59.50! HSC# 80611  $97.50 ¥ h?i i 4 1AC Current: 200/600 Amps
-OR- HSCit 18917 $2950 3 \ ‘.'l;‘ + ! Diode/Continuity Test, Date Hold

ADD A AMD K6-2/333 MHz CPU ATX, 145W Power Supply ‘ . . . >, +!Up 1o 2 Meg Ohm, witest probe

FOR only...... Pixie2 Tranciever Kit #!New, 90-day warranty
' S0 peCHIEL e Hachehte g HSC# 80608 $45.00

-o’. Joystick, “FX2000"
SGK mOdern/hub Table Top Solder Pot Advanced Clamp Meter HSCA:18772. $3.00 3 Cat5 P att.‘h Cabfe

+ Four-port hub card, with 56K V90 modem HSC# 80610 $32.00 HSC# 80609 $110.00 Just under $.50 each by the case!!

# ! For multi-PC web access!

.
#!15A-type, OEM package . v-%
#190-day warranty .5 H
ATX 200W Power Supply + 'Foxconn' #CTBBB12TBE-A17, Yellow

Server Cabinet, ATX Bargain DMM HSC# 18665 $14.95 4+ New, sold by case only (80 cables/case)
HSC# 18942 $17.50 HECK 54! SIaNEs HSC# 80370 §14.95 HSC#19234 $39.95

Variable Transforme ) Video Players! Lab Power Supply!
L . . Mi':ila P::;e:osﬂ Tn-I:elcn iis o 11?:;:6 - hing pulls *5 1-21:?520 nl::“a:wc o acecas,osvoc eaary N
$i0- IR VAT oD st nrsco: WS fo p!a::f n pum «s:ug':::fr'aa:l:w wma e O'FT: a? ol o l;s SUHOVAC BHs™ ROV

* 17" dia. (85" wiext), 6.5"tal =y ’I ’"‘3; pn oofirls 4 oo ! ull fronk panel contro ) #1Digital vohagsicurent display

# Wiluminated swilch, meter . 4 'Perfect for on the road! # 'Swilch selected Ch, 3 or Ch. 4 output #'Remote capable - remote not incl. !Shor-circut prolecied

- oH ¥ H
! New...90-day warranty # HSC 90-day warranty ISC 90-day warranty #'HSC 90-day warranty 8 18aw; WIEC piowiar comd, anial, Bikdiey wamaniy

HSC# 19048 SENNY  HSC# 19152 HSC# 19223
HSC# 80474 $45.00 $19.95 $17.50 $17.50 HSC# 80606 $129.00

Since 1963!... Order Toll-Free:

H s Electronic Silicon Valley’s 1-800-4-HALTED (442-5833)

..ONLINE, AT: www.halted.com
Supply Electronlc Marketplace t:‘,I':rms Some quantities limited; all items are subject to

‘@| prior sale. Minimum order: $10.00 plus shipping.
" 3 - Orders under $20.00 subject to $2.00 handling fee, in
3 Retail/Wholesale Locations: Santa Clara  1-408-732-1573 addition to shipping. All orders shipped by UPS Surface

Main Office - Mail Orders... Sacramento 1-916-338-2545  [ggm  Unlessotherwise specified. $6.00 UPS charge added for
COD.  Visit our website for detailed information on

3500 Ryder St. Santa Clara, CA 95051 Rohnert Park 1-707-585-7344 _— domestic and interational shipping methods,
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The New Basic Micro Atom, offers more in the same
package you are already familiar with. Built-in features
like upgradeable firmware, Analog to Digital, Hardware
Serial, In Circuit Debugging, 32 Bit Math, 32 Bit Floating
Point Math and more !

The Atom includes powerful expanded BS2 syntax
compatible software with commands such as; OWout,
OWin, ADin, LCDwrite, If..Then..Elseif..Else..Endif,

LCDread, HPWM,
Repeat..Until and more !

Bl asscMaceo ATOM I0E
e 18 Bocnats (el Seds oo
D B&8Y

sarond bat

Hserout, Hserin, Do..While,

S et
BaSben A =
3 DEE

T e B Pookmarts e Do Wircke tits

POWERFUL SOFTWA

Easy to use multi docum
many files as you want
Easily navigate your fil
window.

i) x|

ATOM-IC MODULE
ONLY $59.95

w IN CIRCUIT DEBUGGING

) Dashnog akse

) dm A
] I
O Explrer
2| [Basichlicrn ATGM Compite

Cogyright 1999 2001 www
C: i
AADEVLOFIATOMCIRSA)

[Ham Memary Hytes Used
|Pam Memory Bytes Frec:

s

(o o—

Ll me (ot Ny

B || Comole eogeen | Batag

For o, gmss 1 |
e — |

FEATURES

» Graphical Debugging (ICD)
+ More Software Commands
« 32 Bit Integer Math

+ 32 Bit Floating Point Math
« BS2p Compatible Syntax

+ Expanded BASIC library

» Firmware upgradeable

+ Unlimited Support

+ Free Software Updates

« Plus More!

Watch your program run step-by-step as the

s =lEix

Al
e e L
0 oo

i
i

(LR, Sk et A Yoet. U Sl ), Jormiadl

| S

» Over 300 Bytes of RAM

+ 256 Bytes of Data EEPROM
» External & Internal Interrupts
* 3 10 bit A/D Converters

+ 2 Capture and Compare

* Internal Adjustable Vref

+ + [ - External Vref

* 3 Timers, 2 PWM

+ UARTS, 12C, SPI

* Plus More!

Kit Includes: Development
Board, Atom, Manual, Cable
and power supply

22 WATCH

Atom executes each line of code. Easily debug
your code. Bring your programs to life quicker
than you ever thought possible !

IT COME TO LIFE

No more strategically placing
| debug statements throughout
your program! Not only can you
watch your program execute
live, you can keep an eye on
= every variable and ram location
= as they are affected by your
= program. Each program variable is
yf|— displayed in binary, hexadecimal
= and its real values.

ONLY $149.95

3A3iC MiCRO iNC -

Microcontrollers Made Easy™

4 Maren 2002/ Nuts & Volts Meaygazine

ORDER VISIT

WWW.BASICMICRO.COM OR CALL
AT 734-425-|1 744 M-F

O AM TO 6 PM

The Basic Atom is a registered trademark of Basic Micro Inc
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44 KRONOS CRAWLER PHASE 3 — SWITCHES AND
MODS
This month, add a couple of bump switches for object
detection, plus make a few modifications to the platform.
By Michael Simpson

67 TRIAC PRINCIPLES AND CIRCUITS — PART 2
Our discussion of triac principles and circuits concludes.
By Ray Marston

73 HAM RADIO EXTRA CLASS TEST CHANGES
July 1st marks the date a “new” question bank will be
released for the Element 4 Extra class test. The question
pool will jump from 665 to 807. By Gordon West

10 LEARNING RVK-BASIC — PART 3
Learn how to measure and control time using RVK-Basic.
By Bob Vun Kannon

75 DUSTMEISTER — PART |
The Search for an Intelligent
Vacuum Controller.
Although designed for a
workshop dust collector, the
circuitry described in this
article can be used to control
any large or small motor
application. By Robert
Lang and Thomas Ober

35 ULTRASONIC DISTANCE
MEASUREMENT USING THE
MSP430

Meet Texas Instrument’s MSP430 family of

ultralow power 16-bit RISC microcontrollers in

this sound wave measurement application.

By Murugavel Raju

38 COMPUTER INTERFACING — PART |
Get in and out of “the box™ with this every-other-month series
which will introduce the basics of computer interfacing.
By David A. Ward

COLUMNS _DEPARTMENTS

TECHKNOWLEDGEY 2002 6  LASER INSIGHT a8 NV Bockstore £
Night vision for cars a step closer; Speedier file A different type of laser is introduced this month: Reader Feedback 13
transfer available; Computer-aided composting; 1D pulsed lasers. By Stanley York News Bytes 17
chip generates controversy; Emergency cell phone
charger; Nuke power is 50 years old; and Motorola, AMATEUR ROBOTICS 59 Tech Forum 27
Nokia file $3 billion lawsuit. By Jeff Eckert Handy schematics for the Camtronics three-axis Events Calendar 31
chopper board and clubs, clubs, clubs. By Robert Classified Ads 5]
STAMP APPLICATIONS 20 Nansel :
Where in the world is my BASIC Stamp? Connect Classified Ad Info 35
your Stamp to your GPS receiver. By Jon Williams ELECTRONICS Q & A 62 Dealer Directory 56
What's Up: Do plants show fear? Discover for ey
MICROMEMORIES T COLUMMI . ourcelfusinga Backsrmonitor, A collsction of Aayerchers lndey =
This every-other-month column will profile significant  circuits: busy phone, five-amp current regulator, FM Electronics Showcase 42
micro and mainframe computers from our recent transmitter, and dynamic microphone preamp. Prize Drawing 80
past. This month, take a journey with Xerox's Alto: Finally, all about voltage clamps and the atomic
The Time Machine. By Edward B. Driscoll, Jr. clock. By TJ Byers NmyFraatce inews al
New Books 66
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Events

. Advances, and News

From the

e Electronics World

by Jeff Eckert

TechKnowledgy 2002

Advanced
Technologies

Night Vision for
Cars a Step Closer

ndigo Systems Corporation

(www.indigosystems.com), a
manufacturer of infrared cameras
and telecommunications devices,
recently announced a strategic
partnership with Autoliv, a com-
pany that deals with automotive
safety systems. The alliance is
intended to jump start the devel-
opment of affordable infrared
devices for use in automobiles
and other vehicles, extending a
driver's night vision capability up
to three times beyond the area
covered by conventional head-
lights. Using technology devel-
oped in conjunction with the US
Army, tiny cameras that detect
heat radiated by objects are cali-
brated to be sensitive to the wave-
length of humans and animals.
This provides a broader and
longer view than obtainable with
conventional headlights, allowing
the motorist to see not only far-
ther down the road, but also to
detect animals and pedestrians
on the roadside.

In practical terms, the cam-
eras are likely to be mounted
close to the driver's head where
they will not interfere with normal
vision. The display will be on a tel-
evision-like screen that can be
stowed away in the instrument
panel during daylight hours.

Merlin

An Indigo Systems
infrared camera shows car in the
road ahead (note hot area of
exhaust system) and a pedestri-
an outside the headlight beam.

Photo
Systems.

courtesy of Indigo
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When the driver switches on the
night vision system, the transpar-
ent screen will swing into position
in front of the driver, and the
infrared view will be displayed on
the screen.

General Motors has already
paired with Indigo as a
"Cooperative Source Partner" in
this same effort to establish indus-
try standards and solutions to
night vision systems. At present,
the technology is too expensive
for consumer-level devices and
has been used mostly in military
applications. However, like the
once-expensive global positioning
system (GPS) equipment, costs
are expected to fall quickly.

Computers and
Networking

Speedier File Transfer
Available

ne of the most annoying

aspects of using a computer
is the time it takes to transfer files,
particularly over wide-area net-
works such as the Internet. Using
file transfer protocol (FTP) and
transport control protocol (TCP),
the sending and receiving com-
puters engage in a relatively slow
dialog in which the sender trans-
mits a packet of information to
the receiver, waits for it to
acknowledge that the packet has
been received, and only then
transmits the next packet. This is
one of the reasons why your 56k
dial-up connection will never
transfer files at anything close to
that rate. But a new approach has
been devised by Digital Fountain
(www.digitalfountain.com)
that eliminates the send-acknowl-
edge process. According to the
company, it would typically take
10 hours to transmit a 2 GB file
across the Atlantic over a 10
Mbps network. But with the com-
pany's "Transporter Fountain"
system, it would take just half an
hour.

The key is the use of the
patented "Meta-Content" technol-
ogy, which ignores the sequence
and timing with which packets are
sent and received, and simply
counts the packets to make sure

that the right number have
arrived. It also uses proprietary
algorithms that encode and send
a model of the data rather than
the data itself, which is decoded
at the other end.

Two versions of the system
are available. Transporter
Fountain 1000 is a single rack-
mount appliance that includes 5
GB of storage and supports data
rates up to 10 Mbps. Transporter
Fountain 3000 requires three
racks, includes 85 GB of storage,
and supports rates up to 70 Mbps.
The bad news is that you need a
server at each end, and prices are
.00 for the low-end version and
$150,000.00 for the other. But
who knows? In a few years,
maybe there will be a $99.00 ver-
sion for use with dial-up modems.

Computer-Aided
Composting

any of us feel that our desks

and computer systems
occasionally become overloaded
with, metaphorically speaking,
manure. But if you are having
problems with the real thing, don't
go another day without Co-
Composter, developed by Cornell
University's  Department  of

Biological and Environmental
Engineering and Waste
Management Institute

(www.cfe.cornell.edu/wmi/Co
mpost/CoCompost.html). The
software was developed by Prof.
Douglas Haith and Jean Bonhotal
and is offered free of charge to
farm managers and composters
who "want to meet toughened
environmental regulations while
making the most of excess ani-
mal waste."

An Excel® spreadsheet
model for the planning of co-com-
posting systems for mixtures of
dairy manure and other organic
wastes, Co-Composter provides
mass and volume balances, area
estimations, and a cost analysis
of alternate composting systems
based on user input.

Co-Composter
seven worksheets:

consists of

User Input Page
User Output Page

Background

Mass Balance

Areas and Volumes

Pad and Building Costs
Turning and Handling Costs

According to Cornell, most
users will usually need to use only
the input and output pages, where
most of the data can be entered
and the results are presented. Co-
Composter models a range of
conditions and can handle munic-
ipal solid wastes, bulking materi-
als, animal bedding, yard wastes,
and manure separation. The pri-
mary data outputs are the physi-
cal dimensions of composting
components, equipment require-
ments, compost quantities and
characteristics, energy require-
ments, and system costs.

Circuits and
Devices

ID Chip Generates
Controversy

new product with unsur-

passed potential for intru-
sive and repulsive application is
the VeriChip miniaturized identifi-
cation device recently introduced
by Applied Digital Solutions
(www.adsx.com). Ostensibly
intended for use in a variety of
medical, security, and emergency
applications, the device — which
measures 12 by 2.1 mm — can be
implanted under your skin, after
which it transmits an RF signal
that contains a unique ID number
plus any other data that has been
stored in the chip. The informa-
tion is picked up by a scanner
that displays the data or transmits
it via telephone or Internet to a
central storage facility.

According to the company,
"Inserting the VeriChip device is a
simple procedure performed in
an outpatient, office setting. It
requires only local anesthesia, a
tiny incision, and perhaps a small
adhesive bandage. Sutures are
not necessary." How can you
resist?

Suggested uses include
implanting the device alongside
pacemakers, artificial joints, med-
ication pumps, etc., to allow med-



ical personnel to access informa-
tion about the devices and
patients. Less appetizing possibili-
ties include having a virtual Visa
card implanted in your arm,
employers demanding that you
have one installed for security
purposes, and use of the devices
as electronic national ID cards to
be accessed by government
agents. Privacy advocates are
alarmed (see, for example,
www.orwelltoday.com), but
Applied Digital expects to sell
between $2.5 and $5 million
worth of the chips in 2002, with
most initially sold in South
America and Europe in conjunc-
tion with pacemakers and defibril-
lators. About one million similar
devices have already been
implanted in dogs and cats.

Emergency Cell
Phone Charger

ﬂ‘et's say you set sail from a
stropic port, aboard a tiny ship,
for a three-hour tour. Sure, the
mate is a mighty sailin' man, and
the skipper brave and sure. But
soon the weather starts getting
rough, the tiny ship is tossed, and
you end up aground on an
uncharted desert isle.

Worse still, your cell phone
batteries are dead, which means
that you may be there for a long,
long time. What can you do?

Well, you need have no fear if
you have FreeCharge, a portable,
self-sufficient power source for
wireless phones jointly developed
by Matorola, Inc. (www.motoro-
la.com), and Freeplay Energy
Group (www.freeplayenergy
.com). FreeCharge can be pow-
ered either by its hand-cranked
wind-up generator or charged by
DC input via the phone's own
adapter. According to the unit's
specifications, only 45 to 60 sec-
onds of cranking will charge its
nickel metal hydride batteries suf-
ficiently to provide up to three to
five minutes or talk time or sever-
al hours of standby time. If you
can keep cranking for 35 minutes,
you will achieve a full charge.
FreeCharge also comes equipped
with an LED light indicator, which
tells users the unit is delivering a
charge and suggests the optimal
winding speed.

The adapter must be matched
to your phone model. At present,
adapter modules are available for
most major models of Motorola
phones, with other modules for
most major brand cellular phones
expected later this year. Freeplay

also markets a line of radios and
other devices that employ multi-
ple energy sources including solar
panels, rechargeable batteries,
and wind-up generators.

The retail price is $65.00.

Industry and the
Profession

Nuke Power
Is 50 Years Old

B n case you missed the event,
llast December 20 was the 50th
anniversary of nuclear power gen-
eration. The reactor was the
Experimental Breeder Reactor 1
(EBR-l), designed and operated
by Argonne Mational Laboratory

On Dec. 20, 1951, EBR—I Ilghtgd four bulbs with the worlds
first usable nuclear electrical power,
Photo courtesy of Idaho National Engineering and
Environmental Laboratory.

(www.anl.gov)
and built by Bechtel
Group, Inc.

On that day in

1951, scientists and
technicians readied
for the first test of
the power-generat-
ing system. "We got
the reactor critical,
which was a rather slow process,”
according to retired Argonne sci-
entist Kirby Whitham. "Generating
steam for the first time was a
problem, because we hadn't done
it before. Technicians were run-
ning everywhere, measuring tem-
peratures and so on.

"It took quite a while to get the
turbine up to speed, then we had

Argonne personnel load radioactive material into

the core of EBR-1.

Photo courtesy of Idaho National Engineering and
Envirenmental Laboratory.

to load the generator. The genera-
tor put out 440 volts, so we used
four light bulbs wired in series."

When the bulbs lit up, "we did-
n't clap our hands or anything,"
Whitham said. "We were just glad
it worked."

EBR-l provided the first proof
that breeding is possible. On June
4, 1953, the US Atomic Energy

The PRIMER Trainer is a flexible instructional
tool featured in a Prentice Hall textbook and
used by colleges and universities
around the world. Ruggedly designed
to resist wear, the PRIMER supports 5
several different programming
Languages including Assembler,
Machine Language, C, BASIC,
and FORTH. A comprehensive
Instruction Manual contains
over 25 lessons with several
examples of program design
and hardware control. The :
Applications Manual provides
theory and sample code for a number
of hands-on lab projects,

assembleditested kit ($170).

website. Quantity discounts are available.

Since 1985 |

YEARS OF Phone 618-529-4525
SINGLE BOARD!

SOLUTIONS

Microprocessor
Hands-On Tralnlng

- Scan Keypad Input & Write to a Display
- Detect Light Levels with a Photocel|
- Control Motor Speed using Back EMF

Application - Design a Waveform Generator
- - Measure Temparature
Proje‘:ts - Program EPROMs
Include: - Bus Interface an 8255 PPI

- Construct a Capacitance Meter
- Interface and Control Stepper Motors
- Design a DTMF Autodialer / Remote Controller

The PRIMER can be purchased as an unassembled kit (§120) or as an
Upgrades provide battery-backed RAM and PC
connectivity via an RS232 serial port (shown in picture).
Include a heavy-duty keypad (shown In picture) and a 9V power supply — sea our
Satisfaction guaranteed.

16 =nAl- inc.

2390 EMAC Way, Carbondale, Illinois 62901
World Wide Web: htip://www.emacinc.com

Tools for the Imagination

Additional options

Fax 618—447—0I 10

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.

e N\
Micromint

www.micromint.com

With dozens of embedded
controllers and countless

(800) 635-3355

Circle #68 on the Reader Service Card.

Circle #69 on the Reader Service Card.
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Commission announced that
EBR-I had become the world's
first reactor to demonstrate the
breeding of plutonium from ura-
nium.

In 1962, EBR-l became the
world's first reactor to produce
electricity with a plutonium core.
For the next year, the reactor pro-
vided valuable data on breeding
in a plutonium-fueled reactor and
helped to improve scientists'
understanding of the behavior of
plutonium in an operating reac-
tor.

On Dec. 30, 1963, its scien-
tific mission complete, EBR-I was
officially shut down. Today, more
than 100 nuclear power plants
provide 20 percent of the elec-
tricity consumed in the United
States. More than 435 reactors
provide some 17 percent of the
world's electricity, and dozens of
more plants are under construc-
tion around the world.

Motorola, Nokia
File $3 Billion Lawsuit

Wl otorola Credit Corporation
" B (www.motorola.com) and
Nokia Corporation (www.nokia
.com) have filed a suit in US
District Court for the Southern
District of New York to reclaim
more than $3 billion from Telsim

Mobil (Telekomunikasyon
Hizmetleri A.S.), a Turkish
telecommunications company

controlled by the Uzan family. The
suit alleges 13 separate counts of
wrongdoing, including four counts
of criminal activity in violation of
the Racketeer Influenced and
Corrupt Organizations Act, com-
monly known as "RICO." The RICO
counts allege that members of the
Uzan family entered into loan
arrangements with Motorola and
Nokia with the intention of defraud-
ing the two companies.

Motorola is seeking more than
$2 billion in compensatory dam-
ages and Nokia seeks more than
$700 million in compensatory
damages. The two companies are
also seeking to collect punitive
damages, as well as treble dam-
ages under the four counts relating
to RICO. Finally, they also are ask-
ing the courts to restore the collat-
eral for Motorola's and MNokia's
loans, which was wrongfully deval-
ued by the Uzans.

The complaint claims that
"through an elaborate scheme of
deceit and intimidation, the
Defendants committed numerous
crimes and offenses against
Plaintiffs Motorola and Nokia, the
ultimate purpose and result of
which was the theft of more than
$3 billion from the companies."

The money loaned by
Motorola and Nokia was to be used
for the purchase of base stations,
switching equipment, telephones,

and other equipment needed for
the development of a GSM and
2.5G wireless network in Turkey, as
well as payment toward the acqui-
sition of a license from the Turkish
government to develop this net-
work. The suit alleges that some of
these funds were diverted for other
purposes and to other Uzan-con-
trolled entities and little — if any —
of the funds were ever meant to be
repaid by the Uzans. The suit also
alleges that the Uzans' illegal
scheme to defraud Motorola and
MNokia fits a pattern of "the Uzans'
long-standing practice of defraud-
ing investors and co-venturers by
obtaining goods and funds based
on false assurances that their
debts would be repaid, and then
seeking to escape their obligations
through criminal fraud and extor-
tion."

It appears that the Telsim
Mobil public relations department
faces quite a challenge. NV

Two Step Tuning

Step One:
Step Two:

Pick up microphone.
Transmit.

(Please note: HF Tuning doesn’t get much easier than this.)

SGC Smartuner”

HF Automatic Antenna Couplers

“For me and my radio dollar, there isn't a better coupler made!”
Jack Huebschen N9XRO

Power Input: From 1.5W - Up to SO0W*
HF Frequency Range: From 1MHz - Up to 60MHz*
Up to 4,000,000 element combinations*

Five Sensor Devices

*Specs differ per model

“Undoubtedly the best piece of hamgear I have ever owned.”
Ronnie Kane KIMNI

Marine, Commercial, Amateur Radio,
Aviation, Special Applications

Starting at $249

e ]
e ———— e e e e el
; www.sgcworld.com
Toll Free (800) 259-7331 = Tel (425) 746-6310  Fax (425) 746-6384 * Email: sge@sgeworld com

Copyright 2001 SGC. Inc

Mailing: PO Box 3526, Bellevue, WA 98009 « Shipping: 13737 SE 26th St. Bellevue, WA 98005 USA
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SolderingDesoldering.Com

Your SMD Rewank Specialist
800-394-1984

Turn Your Multimedia PC into a Powerful

Real-Time Audio Spectrum Analyzer

Features

+ 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

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

Pioneer Hill Software
PHS 24460 Mason Rd.
Poulsbo, WA 98370

a subsidiary of Sound Technology, Inc.

Priced from $299

(U.S. sales only — not for export/resale)

DOWNLOAD FREE 30 DAY

www.spectraplus.com

TRIAL!

Spectra Plus

FFT Spectral Analysis System

Sales: (360) 697-3472

Fax: (360) 697-7717

e-mail: pioneer@telebyte.com
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Mixed-Signal Controllers

MSP430F449: Imagine the possibilities.

: | USARTO | -
JPower-On § ypeysp § Port1/2
USART1 with IRQ

UART/SPI

B N 2
b | 1 Apciz | '
I Watchdog § Timer A3 § TimerB7 {§ 200kSPS § = § "

15-hit 16-bit 16-bit || Autoscan P- ;ﬂ;ﬂ;
Vger Temp {2} B-bit

i

MSP430 - the choice in ultralow-power Flash MCUs

Experience the ultimate SOC solution for battery-powered measurement. A flexible clock system
switches from ultralow-power standby to high-performance signal processing in less than 6 ps.
Embedded emulation reduces design cycle time. Get your design started today with the easy-to-use
MSP-FET430P440 Flash emulation tool.

U S flash | Prige
MSP430F449 60 kB $7.03 MSP430F437 32kB $4.90
MSP430F448 48 kB $6.47 MSP430F436 24 kB $4.70
MSP430F447 32kB .71 MSP430F435 16 kB $4.45

£ Contact us to request:

Features:

MW Ultralow-power Flash MCU with
high-performance 200-kSPS ADC
and LCD driver on one chip

W Power consumption of <1 pA in
standby mode extends battery life

W Modern 16-bit RISC CPU enables
new applications at a fraction of
the code size

W in-system programmable Flash permits
last-minute code changes, field
upgrades and data logging to Flash

'_. A o~ www.ti.com/sc/hpa7227u
Produat B 1-800-477-8924, ask for ext. 7227

Mepreii MSP430F44x data sheets

development tool-$99

The red/black banner is a trademark of Texas instruments.  53-9969
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Learning RVK

By Bob Vun Kannon

VK-Basic is a free Basic compiler for the Atmel AVR line of
microcontrollers. You can download a copy of this compiler
from the Nuts & Volts web site. With this compiler, you can write
and compile very fast, efficient programs for most of the AVR
microcontrollers.

In this article, we will learn how to measure and control time
using RVK-Basic. It is assumed that the reader has learned the material
presented in Parts 1 and 2 of this series. If you missed the previous article,
get a back issue.

Time measurement and control is probably the most used function of
a microcontroller. It is for this reason that even the smallest AVR chip — the
1200 — contains a counter-timer and the largest of the AVRs contains three
counter-timers. Countertimers are useful.

Time Control

First of all, let's write a program to control time on a development
board. | am going to write this code for the STK200 board where the B port
is connected to the LEDs. If you are using an STK500 board you can just
jumper port B to the LEDs.

The first new statement we will use in this exercise is the PAUSE state-
ment. This statement allows you to cause the program flow to stop for a
specified time. To specify the time, just follow the PAUSE with the desired
time in milliseconds. For example, if we want to make an LED flash once
per second, it will need to be on for one-half second and off for one-half sec-
ond. So we could turn it on or off and then just pause for 500 milliseconds.
This is done by:

PAUSE 500

The PAUSE statement allows a wide latitude of time. You may specify
times as small as 10 microseconds (PAUSE 0.01) and as large as 16 sec-
onds (PAUSE 16000) when using a 4 MHz processor clock. Please read the
documentation about the PAUSE statement in the RB.TXT file supplied with
the compiler. One more useful statement is the TOGGLE. This statement
will simply change the state of the output of a single pin. So here is a pro-
gram to flash the B,4 LED once per second. | have chosen a 1200 for the
processor and | have used the MHZ statement to tell the compiler that we
are running on a development board where the clock is 4 MHz.

DEVICE 1200
MHZ 4
MAKEOUT B4

DO
TOGGLE B4
PAUSE 500
LOOP

The diligent student is expected to compile and execute this program
and then modify it to do something different!

Time Measurement

The next problem is different: instead of controlling time, we will mea-
sure time.

When we used the PAUSE statement in the above program, we actual-
ly used the eight-bit counter in the chip called TIMERO. What the compiler
did for us was to set up the timer and start it running at a speed appropri-
ate to the time we specified and then wait until the timer overflowed before
resuming program flow. If that sounds complicated, it's because it is, but
the compiler solved the problem for us.

In our next program, we will measure the period of a frequency coming
in on the D,0 pin. To do this, we wait for a rising edge of the input pin. At
that time, we will read the TIMERO counter to learn what the period of the
signal was and then initialize TIMERO back to 0 and wait for the next edge.

Let's assume that we need to measure a frequency down to 20 Hz. The
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timer can be "prescaled" by 1, 8, 64, or 256. That is, the frequency going
into the timer will be the processor clock divided by whichever of those
prescale values we pick. TIMERO is an eight-bit timer, that is it counts from
0 to 255. So the frequency at which it overflows is 256 times slower than its
own clock. So let's calculate the overflow frequency of this timer as a func-
tion of prescale value.

Overflow frequency = Processor clock / prescale / 256

Prescale Overflow frequency (Hz)
1 15,625

8 1,953.13

64 244.14

256 61.04

1024 15.26

Since we want to measure down to 20 Hz, we need a counter that won't
overflow at that frequency, so our prescale will be 1024. For the fun of it,
after we have measured the frequency we will write that number (the peri-
od of the signal) out on port B so that it can show up on the LEDs. That
way, the diligent student can hook a signal generator up to his development
board and see the result change on the LEDs as he changes the input fre-
quency.

Here's the program.

DEVICE 1200
MHZ 4

DIRPORT D,IN
DIRPORT B,OUT

INBIT last,D,0
period = &EHFF

DO
OUTPORT B,period
INBIT temp,D,0
IF last = 0 THEN
IF temp | 0 THEN
' this is where we read the counter
TIMERO READ period
' this is where we reset the counter
TIMERO ON 1024
END IF
END IF
last = temp
LOOP

A comment is necessary about the notation of numbers in RVK-Basic.
You may specify a number as hexadecimal (base 16) by prefixing it with
"&H". You may also choose to write a number in binary by using a prefix of
"&B". So the statement in the program

Period = &HFF

sets the variable "period" to a value of 255 decimal.

Again the student is exhorted to try this program out.

Gee, that was fun, but how can we handle more than one frequency
input at a time? There is a way and it is only a little more complicated than
the previous example. What we will do is let the counter run freely. Each
time that we get an appropriate edge on an input, we will simply read the
counter. The period of that signal is then the difference between the current
reading and the previous counter reading. This type of math deserves a
comment. Let's assume that the incoming frequency is five clock periods
of the counter-timer. If we get an edge when the timer reads 254, the next
edge will occur when the timer reads 03. Using byte variables, if we subtract
the earlier value from the latter, we will find that



03-254=5

This is true in byte arithmetic because the computation overflows and
leaves a carry bit set, but the answer still comes out to be 5. Expressing this
in binary, we would have

00000011
-11111110
00000101

So we can see that our process of subtracting successive readings will
always give the correct answer so long as the input period is less than the
overflow period of the timer. Let's assume that our input frequencies won't
fall below 20 Hz again. So we will set the count up to freerun and then just
watch for edges on the two signals. In the following program, | do all this
but | have not provided an output path for the result. The periods for the two
signals are in the byte variables per0O and perl.

DEVICE 1200
MHZ 4

DIRPORT D,IN
TIMERO ON 1024
per0 = GHFF
perl = GHFF

‘period count for D,0
'period count for D,1

DO
'make measurements on D,0
INBIT tempd0,D,0
IF last0 = 0 THEN
IF tempdO | 0 THEN
TIMERO READ temp
per0 = temp - temp0
temp0 = temp
END IF
END IF
last0 = tempdO

'make measurements on D, 1
INBIT tempd1,D,1
IF lastl = 0 THEN

i e
.

MOUSER

E L ECTRHRONINICS

A .COMPANY

(800) 346-6873

Fast Delivery Friendly Service
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AVR Sprint 8535 Development System $189.95
+  AVR Sprint 8535 module Program the Sprint in circuit.

¢ AVR Sprint Experimentation Station Il™ Includes programming cable,
power supply, CD with Sprint Basic (full version) and C compiler, printed
Sprint Basic manual, and complete device descriptions manuals.

AVR Sprint 2313 Development System $134.95

¢ AVR Sprint 2313 Microprocessor Module Program the Sprint in circuit.

+  AVR Sprint 2313 Experimentation Station Includes 1 AMP regulated
power supply, programming cable, 8 LED's and 8 switches. Includes reset
switch, connector for output to standard LCD displays, 2 analog voltage
sources, in addition to a prototyping area, and wall power supply.

+  Sprint Basic Compiler™Plus the GNU 'C' Compiler.

See our Web site for additional AVR Sprint products.

Emhedsys.com

(763) 767-2748 » ESI 11931 Highway 65 NE, Mpls., MN 55434

AVR Sprint, Sprint Basic, and "Lick the Stamp" are registered trademarks of ESI. AVR™is a
registered trademark of Atmel™, Inc. FC is a registered trademark of Philips Electronics NV. Other
frademarks are the trademark of their respective companies.
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IF tempdl | 0 THEN

20 MS/s Classic guide TIMERO READ temp
Pen-type to customizing tpeer;]pT tze?;rp;;)templ
Scope fesiC Samp END IF
{8 computers for END IF
:S:S - | hobbyists and last] = tempd|1
ptions
designers. LooP
T ra) | by S The student is now expected to copy this program and compile it.
LA E: “’;'t There's no point in running it as it stands because there is no output. | rec-
wards

ommend you modify this program to output perl or perO on port B. When
you have that working, try making the output on port B selectable via a
push button on D,2. Another idea is to compare perQ with perl and set or
Only $39.95 clear a single LED based on which is bigger. Have fun!

(former Stamp Applications
columnist for Nuts & Volts)

Wittig Technologies, Inc. Available from
266 East Meadow A

East Meadow, NY 11554 the Nuts & Valts bookstore

Phone (516) 794 4080, Fax (516) 794 1855 www'nutsvolts.com

www.wittigtechnologies.com

In the next article, we will continue to build our skills in using the com-
piler. We will take up using the A/D converter and the UART,
See you then. NV
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Reader Feedback

Dear Nuts & Volts:

As the former chief engineer
for a company that produced
(among other things) TV com-
mercials, | would like to clear up a
common misconception about
the audio level of TV commercials
being louder than normal pro-
gram audio.

TV commercials are NOT
recorded at a higher level than
regular TV programs. In fact,
tapes would be rejected and
returned by the engineering
departments of most TV stations,
and especially the networks, if
they exceeded standard program
level specifications.

TV commercials only
SOUND louder, because they

very often are recorded using a
compression algorithm that
decreases the overall dynamic
range and then squeezes it all up
towards the acceptable top limit of
the VU scale.

Another way of describing it is
that in a normal program, the audio
may "peak” occasionally, but the
audio in a TV commercial is con-
stantly at its peak.The end result is
that it SEEMS louder to the human
ear, but is in actuality NOT record-
ed any louder than any other audio
onTV.

| agree, however, that regard-
less of whether it is actually louder
or only perceived as louder, the end
result is equally annoying!

| enjoy your magazine and

Continued on Page 57
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Above HEPS pulser is used for
EMP / HERF Generation, Build a Rail or
Coil Gun, Electrothermal Gun, High Power
Fulsed Laser ,

$59.95
$99.95

Mass Warping elc elc

4730 Free Catalog on Regquest
ontact for Proforma
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OSCILLOSCOPES & ACCESSORIES

OSCILLOSCOPES
TEKTRONIX"2430-0p1.05,11™100 MS/s Dual Channel Oscilloscope,
TV trig., GPIB" ................. . .. $1000.00
PROBES
TEKTRONIX1101"Accessory Power Supply,

TR T PIODERY o scxns e scsssimsinsssnsnsessssamarassppsmnssesassspasasgin .. §175.00
TEKTRONIXA6902B"Voltage Isolator, DC-20 MHz,

20 mV-500 Vidivision™ ......... —— 1
TEKTRONIXP8201900 MHz 1X} IDXJ’ 100)( FET Plohe . $400.00
TEKTRONIXP6202500 MHz 10X FET Probe ............. $150.00

WAVEFORM GENER
FUNCTION GENERATORS
HP3310A5 MHz Function Generator ... .. $250.00
HP3312A13 MHz Function Generator . ... $500.00
HP3325A-001"21 MHz Synthesizer/Function Generator,

OCXO ref” ... $1100.00
HP3325A-002'2! MHZ SYF!IhES!ZBD'FUn[:(IDH Generalor.

high voltage” .. §1200.00
HP3325B-002"Syr Function G

1 uHz-21 MHz, HPIB" . .. $4000.00
TEK‘I'F!ONIXAWGSIO?AIh Wavefnrm Gan 20 MSp’s 12 blls

50 ppm synthesis <1MHz" ... $650.00
TEKTRONIXAWGS102-0pt.2" Aml(rary' Wavefcrm Generat

dual channel option” . % . $800.00
TEKTRONIXDDS01" Dlg\tal Delay & Bursl Ge

for function & pulse gen's” ....... .. $200.00
TEKTRONIXFG5010" Plogrammabie 20 MHz Funcmn Genefalot

TMS5000 series” LA AT e A b $600.00
TEKTRONIXFG502°11 MHz Functmn Genera!nr

TM500 series™ .... 3275.00
TEKTRONIXFG503°3 MHz Fumilon Genefator TMSOU series” ....... $250.00
TEKTRONIXRGS501“Ramp Generator, TM500 series” ..... $175.00
WAVETEK288°20 MHz Synthesized Function Generator, GPIB“ ... $650.00

PULSE GENERATORS
BERKELEY NUC.70858"Digital Delay Gen., 0-100 mS, 1 nS res.,
5 Hz-5 MHz"
HP214B*10 MHz Pulse Generatal up to SDW 50 Onms
HP214B-001"10 MHz Pulse Generator,
pulse counting option” -
HPB007B100 MHz Pulse Generaror gy
HP8012B°50 MHz Pulse Generator, vanan\e transition time™
HP8013A50 MHz Dual Output Pulse Generator .....
HP8013B50 MHz Dual Output Pulse Generator ......
HP8112A"50 MHz Pulse G HPIB" ...
HP8116A-001"50 MHz Pulse/Function Generator,

. $1200.00

... $1400.00
e $450.00
... $600.00

burst & log sweep option” . .. §3500.00
TEKTRONIXPG502°250 MHz Puls.e Ganerawr
TM500 series™ ... $500.00

KTRONIXPG508°50 MHz Pulse Generator, TM500 series”

.. $350.00

VOLTMETERS

FLUKE&45ARHigh Impedance Voltmeter / Null Detector
HP3456A"6-1/2 digit Voltmeter, HPIB" .
HP3457A“7-1/2 digit Voltmeter, HPIB" .
HP3478A"5-1/2 digit i
KEITHLEY 181"6-1/2 digit Nancvonmatar 10 nV sensitivity,

GPIB" .. ... $675.00
TEKTRON\XDMSO‘IG"d-IfQ dlglt MuhlmeleT TMSGOO series” .. $300.00
TEKTRONIXDMS01A"4-1/2 digit Multimeter, TM500 series” .. $225.00
CALIBRATION
FLUKES510A“AC Relerence Standard, 10 VRMS, 0-10 mA”™ .............. $450.00
FLUKE5220A Transconductance Amplifier, DC-5 kHz, 0-20 A' 7 SIZSD 00
VOLTAGE SOURCES
HP6114A"Precision Power Supply, 0-20V 2 A/ 0-40V 1 A" ............. $650.00
HP6115A"Precision Power Supply, 0-50 V 0.8A/ 0-100 V 0.4A" ........ $650.00
TEKTRONIXPS5004“Precision Power Supply, 0-20 V 0-300 mA,

1mVres” ... ET———- -1 X 1]
CURRENT METEFI'S & SOURCES
HP4140B"DCV Source / Picoammeter, HPIB” $3500.00
HP6177C*DC Current Source, to 50 V, 500 mA” .. §500.00
HP6181C“DC Current Source, to 100V, 250 mA" ............................. $5600.00
KEITHLEY225"Current Source, 0.1 uA-100 mA,

10-100 V compliance” = e $450.00
TEKTRONIXP8022°AC Current Pmbe 935 Hz- 120 MHZ.

6 A peak” .. $250.00
VALHALLAZ500" ACfDC Cun’ent Calmralor 2 uA 2 A

DC-10 kHz® .. $500.00

L.C.R.
BOONTONG2AD*1 MHz Inductance Meter, 2-2000 UH" ..o $500.00
BOONTON72BD"1 MHz Capﬂcﬂan{:e Meter,

2-2000 pF f.5. 3 digits” . ... $800.00

2701 Westland Court,

WE BUY AND SELL

Inquiries 307-635-2269

e Fax 307-635-2291

Orders 800-538-1493

BOONTON72C*1 MHz Capacitance Mets
1-3000 pF f.s. analog”. s
GENERAL HADFOISSB"HLC Uiglbrldge 12‘] Hi’.pl 1 HHZ‘
HP4262A"3-1/2 digit LCR Meter, 120 Hz/ 1 kHz/ 10 kHz"
HP4274A"5-1/2 digit LCR Meter, 100 Hz-100 kHz, HPIB" ...

STANDARDS

E.5.1.5R-1"Standard Resistor, various values”

E.S.1.SR1010°Resistance Transter Standards,
1 Ohm-100 K/step” .

GENERAL RADIO1 40&:;9”&5 Slandald Alr Capacnols

GR900 connector, 0.1% acc” ET——— 14 1]
GENERAL RADIO1409-series Slandald Capacﬂors

0.001-1.0 uF values available™ = $150.00
GENERAL RADIO1433-J4-Decade RESJSIGI

0-11.11 Kilohms, 1 Ohm steps” $150.00

GENERAL RADIO1433-K"4-Decade H95|5I0
0-1.11 Kilohms, 0.1 Ohm steps”
GENERAL RADIO1433-P*5-Decade Resistor,
0-1.1111 Megohms, 10 Ohm steps”
HP4440B"Decade Capacitor, 40 pF-1.2 ul
HI & LO RESISTANCE
HP4329A"High Resistance Meter,

500 Kilohms-2x 10816 OhmS" ... ... $875.00
T.D.R.
TEKTRONIX"1503B-03,04™TDR, 0-50,000 feet;

chart rec. & battery options® $2500.00

SINGLE OoUTPUT
HPB002A-001"0-50 V / 0-10 A / 200 Watts max

Supply, HPIB™ ... $650.00
HP&011A0- 20\:‘}‘0 IQDN 1000 Wans ma:

CV/CC Supply” ... §1800.00
HPG028A0-60 V/ 0-10 A/ 200 Watts max. Autoranging Supply . $1000.00
HPB033A"0-20 V/ 0-30 A/ 200 Watts max. Supply, HPIB" .. $1200.00
HPE038A"0-60 V/ 0-10 A/ 200 Watts max Supply, HPIB™ .. $1200.00
HPB203B0-7.5 V 0-3 A CV/CC Power Supply .. . §175.00
HP&205C"Dual Power Supply,

0-40 V 300 mA/ 0-20 V 600 MA” ............ APOTRIEPRIROR,. - ||| ]
HP6207B0-160 V 0-200 mA CV/CC Power Suppry i .. §200.00
HP6263B0-20 V 0-10 A CV/CC Power Supply ... ... $375.00
HP6266B0-40 V 0-5 A CV/CC Power Supply ... $375.00
HPE267B0-40 V 0-10 A CV/CC Power Supply .. §550.00
HPE271B0-60 V 0-3 A CVICC Power Supply ... $375.00
HPE274B0-60 V 0-15 A CV/CC Power Supply ..... ... $650.00
HPG384A4.0-5.5 V at 8 A CV/CL Power Supply .. .. §125.00
HPE443B0-120 V 0-2.5 A CV/CC Power Supply .. §375.00
HPE525A0-4000 V 0-50 mA CV/CC Power Supply . ... $650.00
HPB552A0-20 V 0-25 A CV/CC Power Supply ...........cc... . $1000.00
HPB643A°0-35 V 0-6 A CV/CC Power Supply, HPIB" . $1200.00
HPE651A0-8 V 0-50 A CV/CC Power Supply, HPIB" . $1500.00
HPB652A0-20 V 0-25 A CV/CC Power Supply, HPIB" ... . $1875.00

KEPCOATE 36-8M0-36 V 0-8 A CV/CC Power Supply ...
SORENSONSRL 20-120-20 V 0-12 A CVICC Power Supply o
SORENSONSRL 60-80-80 V 0-8 A CVicc Power Supply ................
MULTIPLE OUTPUT
HP6228B Dual Power Supply, 0-50 V 0-1 A, CV/CC™ ..........
HPB236BTriple Output Supply, +/-20V 0.5A & 0-6V 2.5 A™
HP62378 Triple Output Supply, +/-20V0.5A & 0-18V 1 A"
HP6253A Dual Power Supply, 0-20 V 0-3 A, CV/CC™
HP6255A Dual Power Supply, 0-40V 0-15 A, CVICC”
HPE627A"Quad Output Power Supply,
0-20 V 2A or 0-50V 800mA" .........
TEKTRONIXPS503A "Dual Power Suppl;ﬁ TM5DO series™

MISCELLANEOUS
ACMEPS2L-500"Programmabie Load,

. $2750.00

0-75V/0-75 A/ 500 Watls Max™ ............ccocecniicininnisiinsnnnss. S300.00
ACMEPS2L-500"Programmable Load,

0-75 V/ 0-75 A/ 500 Walts max." e O00.00
HP&827A"Bipolar Power Supply / Ampllher

+/-100 V +/-500 mA™ $900.00
KEPCOBOP 50-2M"Bipolar Amplifier/ Power Supply,

o500V, 2A° ... $400.00
TRANSISTOR DEVDAL 50 154100‘PrograrnmabLe Load

0-50V, 0-15 A, 100 Watis max." $200.00

UNIVERSAL COUNTERS
HP5314A100 MHz/ 100 nS Universal Counter .............cc.coovvevicienne
HP5315A100 MHz/ 100 nS Uni I Counter

HP5315A-003"100 MHz/ 100 nS Counter, 1 GHz C-channel” ..

$175.00
. $350.00

HP53158100 MHz/ 100 nS Uni I Counter $375.00
HP5316A"100 MHz/ 100 nS Universal Counter, HPIB” .. . LU
PHILIPSPM6672/ 411°120 MHz/ 100 nS Universal Counter,

1 GHz C-channel” $300.00
TEKTRONIXDC5004*100 MHz/ 100 nS Counter/ Timer,

TMS000 series” $200.00
TEKTRONIXDC5009*135 MHz/ 10 nS Counter/ Timer,

TMS5000 series” ... $350.00

Unit B, Cheyenne, Wyoming 82001

TEKTRONIXDC503A"125 MHz/ 100 nS Universal Counte:

TMS500 series” .......... ... $250.00
TFKTHONIX[)CSDB"lSS MHZI 10 nS Unn.rersal Cour\!er
TM500 series” $275.00

FREQUENCY COUNTERS
EIP548A-0626.5 GHz Frequency Counter & mixers for 26-60 GHz . $3950.00
EIP*578-02,05™26.5 GHz Source Locking Counter,

GPIB& pawer meter” . .. 82750.00
HP5342A18 GHz Frequency Coun:er . . $900.00
HP5343A-001"26.5 GHz Frequency Counter,

OCXO reference”.......... .. $2500.00
HP5345A/55A/56826.5 GHz CWI Pu!se Frequency Counler .. $3500.00
HP5352B-010"40 GHz Frequency Counter,

0OCXO reference option” ; .. $7500.00
HP5384A"225 MHz Frequency Counler HPIB .. $450.00
XL MICROWAVES3401

“40 GHz Source Locking Frequency Counter, GPIB" .................. $5500.00
STANDARDS
HP105B"Quartz Oscillator, 0.1/ 1.0/ 5.0 MHz, battery pwr” $1100.00

SPECTRUM ANALYSIS

HP3586C"Selective Level Meter, 50 Hz-32.5 MHz,

50& 75 Ohms" ..............
DISTORTION ANALYZERS
HP8903A"Audio Analyzer, 20 Hz-100 kHz, HPIB" ._.........cocevveen
HP8903B-001,010,053™Audio Analyzer,

20 Hz-100 kHz, HPIB" .. s AT S R S e
HPB8903E"Audio Analyzer, 20 Hz 150 kHz,

HPIB" . . o e T )
RMS VOLTMETERS
FLUKEB922A True RMS Voltmeter, 180 uV-700 V,

... $1000.00

$1200.00

... $1850.00

2 Hz-11 MHz" .. $450.00
OSC!LLATORS
TEKTRONIXSG502"Sine/ Square Osc., 5 Hz-500 kHz,

70 dB step atten,, TM500" 7 ... §200.00
TEKTRONIXSG505-opt.2*Oscillator, 10 Hz 100 kHz.

IM test & 50/150/600 Ohms" ... $800.00
WAVETEK98"1 MHz Synthesized PuwerOsmlla!ur GP ... §750.00
MISCELLANEOUS
HP3575A"Phase-Gain Meter, 1 Hz-13 MHz, single display” <o, $600.00
HP3575A-001"Phase-Gain Meter, 1 Hz-13 MHz, dual display” ... $750.00
HP467APower Amplifier . ... $375.00
KROHN-HITE3200 High Pass f Luw Pass Fnter 20 H7-2 MH? ... $275.00
KROHN-HITE3202*Dual HP/LP/BP/BR Filter, 20 Hz-2 MHz" ...... $450.00

ROCKLANDBS52"Dual Highpass/ Lowpass Filter, 0.1 Hz-111 kHz $650.00

TEKAMS502“1 MHz Differential Amplifier, TM500 series”

SPECTRUM ANALYZERS
HP11517A18A/20A"Mixer Set, 18-40 GHz,

for HP B555A / B569A" ............c..... $475.00
HP11970A"WR28 Harmonic Mixer, 26 5 40 GHZ $1000.00
HP11970K"WR42 Harmonic Mixer, 18.0-26.5 GHZ" ... $1000.00

HP11970Q"WR22 Harmonic Mixer, 33-50 GHz"
HP11970U"WR19 Harmonic Mixer, 40-80 GHz"
HP11871A"WR28 Harmonic Mixer, 26.5-40 GHz, for 85698
HP11971K"WR42 Harmonic Mixer, 18.0-26.5 GHz, for 85698" ...
HP11974U"WR19 Preselected Mixer, 40-60 GHz"
HP8562A"Spectrum Analyzer, 1 kHz-22 GHz,
100 Hz min.res. Bw"
HP85640A Tracking Generator, 300 kHz-2.9 GHZ.

for HP 8560 series” ...... $4000.00
HP8565A-100"Spectrum Analyzer 10 MHz 22 GHz

100 Hz min. res. Bw" ., $§3000.00
HPB569B"Spectrum Ana\yzef 10 MHz 22 GHz

T00 Hz minres: BW™ ...couiinmsmimmniin .. $4500.00
TEKTRONIXWM782V"WR15 Harmonic Mixer, 50-75 GH? .. $1500.00

NETWORK ANALYZERS

HP11650A“Network Analyzer Accessory Kit, APCT" ... $600.00
HP116850ANetwork Analyzer Accessory Kit .. .. $500.00
HP11665B"*Madulator, 0.15-18 GHz, for HP 8755}'6’7" - ... $250.00
HP11665B"Modulator, 0.15-18.0 GHz, for HP B755/6/7" ... $250.00
HP35778"Network Analyzer, 5 Hz-200 MHz" ............... - $9500.00
HP4191A*RF Impedance Analyzer, 1-1000 MHz,

1 milliohm-100 Kilohms™ . RR— 1 {1 X ]
HP4193A"Vector Impedance Metef 400 kHz‘| ID MHz,

10 Ohms-100 K™ ... poe——. 7.} 1 K1) ]
HPB5028"75 Ohm Transm»sswonf Heﬂecnon Tasl Unll

0.5-1300 MHzZ" .......... $675.00
HPB5044B°75 Ohm Transmlssloni Reflection Test Unit,

300 kHz-2 GHz", . $1250.00
HPB5054A Type N Cal:blairon Kll lor HP 8510 saﬂes $§1800.00
HP8717B-001Transistor Bias Supply ... $350.00

HP-8751A-001,002™Network Analyzer,
B Y e el $12500.00

HPB756A"Scalar Network Analyzer, HPIB" .........c...cc..... ... $1375.00
HPRE5026A"WR28 Detector, 26.5-40 GHz,
for HP 8757 series” ... $1200.00

14 Maren 2002/Nuts & Volts Magazine

Circle #44 on the Reader Service Card.



90 DAY WARRANTY PARTS AND LABOR
TEST EQUIPMENT WANTED CALL OR FAX LIST -
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10 DAY INSPECTION
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SIGNAL GENERATORS
FLUKEG060B/AK Signal Generator, 0.1-1050 MHz,

PO B errrrrmemrrssrsremsrrs e P o Py s oS SR §1250.00
FLUKE"6060B-130,830™Signal Generator, 0.1-1050 MHz,

10 Hz res., GPIB” _ 2 eR—
GIGATRONICS51018% S\gnal S Eep 0.05-18 GHz,

Mmoo TR T A R R T A A P $5000.00
GIGATRONICSE00/ 6-12*Synthesized Source, 6-12 GHz.

.. $1600.00

1 MHz res.. GPIB" ......... RN A §1500.00
GIGATRONICSE000/ 8- 18"Syn1 esized Source, 8-16 GHz,

1MHz res., GPIB" §2250.00
GIGATRONICSE061A-830"Signal Generator, 0.1-1050 MHz,

10 Hz res., AM, FM, GPIB” .. §1900.00

GIGATRONICS900/2-8 S|gna|! Sweap Generator, 2-8 GHz,
1 MHz res., GPIB" .

HP11707A"Test Plug-in, for HF 5560 series”

HP11720A"Pulse Modulator, 2-18 GHz,

B0 dB on/off ratio” ........ . §450.00
HP8642M"Signal Generator, 0 I 21 Dﬂ MHZ

1 Hz res., HPIB" . §3750.00
HPB656B-001"Signal Genemlor 0 I-QQO MH: IO Hz res.,

HPIB, OCX0O" y s §2750.00
HPB657A"Signal Ganeratnr 0 1 1040 MH? D Hz res

AM, FM, HPIB" ... ... $3000.00
HPBG&OU&DBNS&B“S\gnai Generatcr ~2600 MHz

1 or 2 Hz res., AM, FM" e $3250.00
HP8660D/86603A-002Signal Generator, - 2600 MHz

1 or 2 Hz res,, phase modulation” —_ .. $6000.00

HPB672A"Signal Generator, 2-18 GHz 1 3 kHz res.,

AN R 0 B s cernpinsearssms R s R TR SR sy sy $4500.00
HPB672A-008"Signal G&neratm 2-18 GHz, 1-3 kHz res.,

AM, FM, +8 dBm" .
HP8673H-212"Signal Generalor 2.0-1 4 GHz 1 kl-lz res..

AM, FM, +8 dBm" .
HPB673M"Signal Generator, 2-18 GHz. 1 kHi. res.,

AM, FM, +8 dBm" ......... g AT $9500.00
HP8683B"Signal Generalor ? 3—5 5 GHz Cawly Iuned

... $5000.00

AM/ WBFM/ Pulse” ... $2250.00
HPB6B3D"Signal Generator, 2.3-13.0 GHz, cavﬂy tuned

AN WBFM PUISE” ..oonevicininicicinimimnismnsminssiamisssisnssinisn $3750.00
HPB684B"Signal Generator, 5.4-12.5 GHz, cavity tuned,

AM/ WBFW Pulse” .. . 52250.00
HPB684D"Signal Genera!or 5 4-13 0 GHz cavvty tuned

AM/ WBFM/ Pulse” $3750.00
MARCONI2019"Signal Generator, 80 kHz-1040 MHz,

10 or 20 Hz res” .. $850.00
WAVETEK952"Signal Generator, 1-4 GHz, +ID dBm

AM, FM" .. §750.00
WAVETEK955"Signal Generator, 7.5-12.4 GHz, +7 dBm,

AM, FM™......... .. §750.00
WAVETEKS57"Signal Generator, 12-18 GHz, +7 dBm,

AM, FM" §750.00
SWEEP GENERATORS
HP8350B/ 83522A Sweep Oscillator, 10-2400 MHz,

+13 dBm levelled” .. criniesmeniannes. $S700.00
HP8350B/ mEﬁA‘Swaep Osculaml. 10 MHZ-S 4 GHz,

+13 dBm levelled” .. $5000.00
HP83508/ B3540A- 002‘Sweep Dscdla(or 2 o-a 4 GHz

70 dB step atten” ............... $3250.00
HPB350B/ B3545A- Dﬂ?"Swﬂe;:! Oscillator, 5.9-12.4 GHz,

70 dB step atten.” $3750.00
HP83508/ 835?0A“Swsep OsclHator 13 0-26 5 GHz

+10 dBm levelled™ §7000.00
HPB350B/83570A-H22"Sweep Oscillator, 17 -24 GHz,

+10 dBm levelled” i §5000.00
HP8620CSweep Oscillator Frame §500.00
HP86222B-002°RAF Plug-in, 10-2400 MHz, +13 dBm,

70 dB step atten” e $1250.00
HP86222B-E69/8620C"Sweep Osc. & frame

0.01-2 GHz & 2-4 GHz bands” . $1200.00

HP86240B°RF Plug-in, 2.0-8.4 GHz +13 dBm Ievelled'
HP86241ARF Plug-in, 3.2-6.5 GHz, +8 dBm levelled™

HP86245A"RF Plug-in, 5.9-12.4 GHz, +16 dBm unlevelled” .
HP86251A'RF Plug-in, 7.5-18.6 GHz, +10 dBm levelled” .
HP86260A"RF Plug-in, 12-18 GHz, +10 dBm unlevelled”..
HP86260A-HO4"RF Plug-in, 10-15 GHz, +10 dBm unlevelled” .
HP86290BRF Plug-in, 2.0-18.6 GHz, +10 dBm levelled” .
HP86290C"RF Plug-in, 2.0-18.6 GHz, +13 dBm levelled
WAVETEK2001"Sweep Generator, 1-1400 MHz, +10 dBm,

70 dB atten.” $750.00
WAVET! EKZOOQB"Sweep Generator, 1- 2500 MHz

+13 dBm, GPIB" $1750.00
WILTRONG647M"Sweep Generator, 10 MHz-20 GHz,

+10 dBm, GPIB" ... $4500.00

WILTRONG717B-20"Synthesizer/ Sweeps
+13 dBm,GPIB"*

POWER METERS

BOONTON42B/ 41-4E"Analog Power Mater,

with 1 MHz-18 GHz sensor” ... SER———— 1 X
HP435B/8481A"Power Meter, -30 to +20 dBm

10 MHz-18 GHZ" T TP 11 L)
HP436A-022/ ME‘A'POWEI‘ Me!er -30 to +20 dBm,

10 MHz-18 GHz, HPIB" ........ 3 .. $1200.00
HP436A-022/ 8482A"Power Meter, -30 lo +20 dﬁm

100 kHz-4.2 GHz, HPIB" .. .. $1200.00
HP436A-022/ B4BAA"Power Meter,

10 MHz-18 GHz, HPIB' .........ccorvnvciivncininn .. §1200.00
HP436A-022/ B485A Power Meter, -30 to +20 dBm,

50 MHz-26.5 GHz, HPIB” . $1500.00

HP436A-022/ 84850 Power Meter, -70 to -20 dBm,

50 MHz-26.5 GHz, HPIB" ......... o
HPa3B8ADual Channel Power Meter .

... $1700.00
... 5400.00

HPB477A"Power Meter Calibtator, for HP 432 series” ...........
HP8487D"High Sensitivity Sensor, -70 ta -20 dBm

50 MHz-50 GHz, 2.4mm” ... $1850.00
HP8900D/84811A Peak Power Meter, 0.1- 1E GHr

0-20 dBm peak” . ——- 1111 X ]
HPQB4B6A Power Sensul 3150 GHZ BD !n *?D cIEm

for 435/6/7/8" .......... ... $1500.00
HPR8486A"Power Sensor, 26.5~ 40 GHz 30 In +2U d

for 435/6/7/8" . ... $1500.00
HPR8486D" Powar Senso: 26 5-40 GHZ‘ -7D tc .20 dBm

for 435/6/7/8" ... $1750.00
RF MILLIVOLTMETERS

BOONTONS2C*RF Millivoltmeter, 3 mV-3 V Ls.,
10 kHz-1.2 GHz" ..
RACAL-DANA2303"RF Millivoltmeter, -70 to +20 dBm,
10 kHz-2 GHz, GPIB” §750.00

AMPLIFIERS, MISCELLANEOUS
AMPLIFIER RESEARCHAW1000"Amplifier, 40 dB gain,

4 Watts, 1-1000 MHz" .. 4 . §950.00
BOONTONB2AD"Modulation Meler AM’ FM

10-1200 MHz" ........... s U000
C.PLVZC6961K1 TWT Amph(\er 35 dH gam

4-8 GHz, 20 Watts™ ......... ... $3500.00
ENIS25LA"Amplifier, 50 dE gain, ... $3250.00
HP11713A"Switch / Attenuator Driver, HPIB ... 5800.00
HP11729B-003"Carrier Noise Test Set,

5 MHz-3.2 GHz" . $1900.00
HP3730B8/3738B"1 Downconven

5.9-8.9 GHz & 8.7-11.7 GH| . §1200.00

HP415ESWR Meter ..
HPB347A'RF Ampllller 25 dB gain, 100 kHz-3 GHz,

... $200.00

+20 dBm, HPIB" .. i $2750.00
HPB403A-002"Pulse Mudulalor. 0 &2 GH

80 dB dynamic range” ... $450.00
HP8406A"Comb Generawr 1 10/ IGO MHz mcremen!s

o SEHE ;. i $500.00

HP8447A-001"Dual Amp]lf\er 20 dB 0 1 400 MHz
+6 dBm Po, NF <7 dB"
HPB447E"Amplifier, 22 dB, 0.1-1300 MHz,
+13 dBm output™ .
HPB447F-HB4"Dual Amp.,
0.01-50 MHz 28 dB & 0.1-1300 MHZ 25 dB" ..........ccoooemiiiininniians
HP8801A"Modulation Analyzer,

150 kHz-1300 MHz, HPIB” §1350.00
HP8801B-001"Modulation Analyzer,

150 kHz-1300 MHz, HPIB" §1900.00
HUGHES8010H13F000"TWT Ampilifier, >30 dB gain,

3-8 GHz, 10 Watts" .. $§2500.00
RACAL9009"Modulation Melar 30-1500 MHz, AM,

1.5-100 kHz pk FM" ....... $350.00

AF POWER LABSML50"Ampilifier, 2-30 MHz,
47 dB gain, 50 Watts, metered, 28 V" .
ROHDE&SCHWARZESH2"Test Receiver,
9 kHz-30 MHz"

AEROWAVE28-3000/10°WR28 Directional Coupler.

10 dB, 26.5-40 GHz" RE—— [ X ]
AMERICAN NUC.AM-432Cavity Backed Spiral Amenna.

LHC, 2-18 GHz, TNC(f) "NEW*" §95.00
AVANTEKAMT-400X2"WR28 Active Doubler,

+10 dBm in & out” $450.00
BIRD8201"500 Watt Oil Dielectric Load, DC-2.5 GHZ" .......coviimieene $350.00

FXR/MICROLABSL-03N"Stub Stretcher, 0.3-8.0 GHz,
100 Watts max., N(m/f)"
GENERAL RADIOB74-LTL"Constant kmpedance Trumbone IJne‘
0-44 cm, DC-2 GHZ™ ..
HP11590A-001“Bias Network, 1.0-18.0 GHz, APC?" ...................... $450.00
HP11691D"Directional Coupler, 22 dB, 2-18 GHz,

N connectors”
HP11892D"Dual Directional Coupler, 22 dB, 2-18 GHz" ........cocoveveees
HP33327L-006"Prog. Step Attenuator, 0-70 dB,

DC-40 GHz, 2.9mm"
HP778D-011"Dual Dir. Coupler, 20 dB, 0.1 .’-!DGHz APCT"
HPB8498A-030°30 dB Attenuator, 25 Watts, DC-18 GHz™
HP87300C-020Directional Coupler, 20 dB,

1.0-26.5 GHz, 3.5mm”
HPK422A"WR42 Flat Broadband Detector, 18. 0 26 5 GHz"
HPK532A"WR42 Frequency Meter, 18.0-26.5 GHz" ...........
HPK752A"WR42 Directional Coupler, 3 dB,

18.0-26.5 GHz"
HPK752C*WRA42 Directional Coupler, 10 dB, 18.0-26.5 GHz" .
HPK752D"WRA42 Directional Coupler, 20 dB, 18.0-26.5 GHz™
HPKB70A"WR42 Slide Screw Tuner, 18.0-26.5 GHzZ" .............
HPK214B*WR42 Moving Load, 18.0-26.5 GHz"
HPQ752D"WR22 Directional Coupler, 20 dB, 33- 50 GHz
HPR422A"WR28 Crystal Detector, 26.5-40 GHz™
HPR752A"WR28 Directional Coupler, 3 dB, 26.5-40 GHz"
HPR752D"WR28 Directional Coupler, 20 dB, 26.5-40 GHz
HPR914B“WR28 Moving Load, 26.5-40 GHz"
HPV365A“WR15 Isolator, 25 dB, 50-75 GHz"
HPV752D"WR15 Directional Coupler, 20 dB, 50-75 GH:
HPXB70AWRS0 Slide Screw Tuner ............ Sissbmiiian
HUGHES45322H-1110/1120"WR22 Dlrecllonal Cuupln 3

10 or 20 dB, 33-50 GHz" .............. 2
HUGHES45712H-1000"WR22 Freuuency Msler

33-50 GHz™

HUGHES45714H-1000"WR15 Frequency Meter,

50-75 GHz" . .. $900.00
HUGHES45721H EDOD'WHZE Duacl Headmg Ailenualon

0-50 dB, 26.5-40 G" .. §1000.00
HUGHES45722H- !OOO’WHEZ Dllact Readmg A!tenualor

0-50 dB, 33-50 GHz" .. v $1000.00
HUGHES45724H- 1000‘WH15 Dlrect Reaaing Al[enuama

0-50 dB, 50-75 GHz" ........ .. §1000.00
HUGHES45732H-1200"WR22 Level Set Ailenualor D 25 E!B.

I300 BRZ" .. imviiisiimisiiaiomitimm i nisis s s $250.00
HUGHES45752H-1000"WR22 Direct Reading Phase Shifter,

(1R VB T 6] o VR S NE PP PO B Tt P $1400.00

HUGHES45772H-1100"WR22 Thermistor Mount,
-20 to +10 dBm, 33-50 GHz" :
HUGHES47316H-1111"WR10 Tunable Detector,
75-110 GHz, pos. polarity” ..
HUGHES47741H-2310"WR28 F’nase anked Gunn Osc.,
32 GHz, +18 dBm"
HUGHES47742H-1210"WR22 Phase Locked Gunn Osc.,

42 GHz, +18 dBm" .. $2750.00
KRYTAR201020010° D\recnonal Detec!or 1-20 GHz

SMA(t1)/SMC™ ... $200.00
KRYTAREEIGS’DHecmnaI De'tec!ur i 7-26 5 GHZ

K(/my/SMC” .. ... §200.00
M/A-COM3-19- 300#’1 D”WR'IB Duecl\onal Caupler 10 dB

40-60 GHz" errnnenininieinnes S490.00
NAHDASBOt}senes Octave Eand D\recllona\ Couprers

N connectors” ... $150.00

-... $500.00
... §375.00

NARDA3020A"Bi- Dlremmnal Couplet 50 IGOO MHz

NARDA3024°Bi-Directional Coupler, 20 dB, 4-8 GHz" . 5
NARDA3090Precision High Directivity Couplers ... §225.00
NARDA3E8BNM Coaxial Hih Power Load, 500 Watts,

218 GHz, N[ oo ; $500.00
NARDA3752"Coaxial Phase Shifter, 0- IBD Ueg 1GHz.

e g PR P , ... $800.00

NARDA37538"Coaxial Phase Shlfter 0- 55 deg fGHz
35-12.4 GHz®
NARDA4000-series"Octave Band Directional Couplers

. §950.00

SMA connectors” ... $75.00
NARDA4247-20"Directional Coupler, 20 dB,

8.0-26.5 GHz, 3.5mm(f)" ... $200.00
NARDAS070-seriesPrecision Reflectometer Couplers ... $300.00
NARDA562'DC Block, 10 MHz-12.4 GHz,

100 V max., N(m/1)” $65.00
NARDA765-10"10 dB Attenuator, 50 Watts,

DC-5 GHz, N(m/f)* §165.00
NARDA791FM*Variable Attenuator, 0-37 dB, 2.0-12.4 GHz". $500.00
NARDA792FF"Variable Attenuator, 0-20 dB, 2.0-12.4 GHz" $375.00
NARDA793FM"Direct Reading Variable Attenuator,

0-20 dB,4-8GHz" $225.00

NARDA7TI4FM"| Duect Headlng Vanable Attenuator

0-40 dB,4-8GHz" $375.00
OMNI-SPECTRA2085-6010-00*Crystal Detector, 1-18 GHz,

neg. polarity, SMA m/f" o
PAMTECHKYGmM'WHdZ Juncunﬂ C\(cnlator 18.0-26.5 GHz"
SONOMA SCI.21A3"WR42 Circulator, 20 dB, 20.6-24.8 GHz
TEKTRONMIX2701“Step Attenuator, 0-79 dB, DC-1 GHz™
TRGB510"WR22 Direct Reading Attenuator,

0-50 dB, 33-50 GHz" .............
TRGV551“WR15 Frequency Meter, 50-75 GHz"
TRGW510"WR10 Direct Reading Attenuator, 0-50 dB

75-110 GHz" .

TRGWS551" WH1D Fraquency Meler. ?5 I‘IO GHzZ"
WAVELINE100080"WR28 Terminated Crossguide Coupler,

30 dB”

WEINSCHEL150-110"Programmable Step Atten.,

DC-18 GHz, SMA” $450.00
WEINSCHELDS109"Double Stub Tuner, 1-13 GHz, N(m#)".............. $150.00
WEINSCHELDS109LL"Double Stub Tuner,

0.2-2.0 GHz, N{m/f)" $150.00

COMMUNICATIONS

HP37204A-003°HPIB Extender,

fiber-optic connection *unused*” ..
HP4934A-J02TIMS; CCITT option; battery power
HP59401AHPIB Bus Analyzer ..
TAMPA MW, LABBUC1W-02W-CST"K

1 Watt 14.0-14.5 GHz WR75 “NEW™"
TEKTRONIX1411R-0pt.04"PAL Test Gen..w/
SPG12,TSG11.TSP11,TSG13,15,16". vsssssemisspssssansrees S 140000
TEKTRONIX147ANTSC Test Signal Generatnr

with noise 1est signal® $800.00

MISCELLANEOUS

EG&G/ PA,R.5302 / 5316"Lock-in Amplifier, 100 mHz-1 MHz,

GPIB/ RE232C".........coorcerinsiinans ... $2250.00
FLUKE2180ARTD Digital Thermometer ... $500.00
HP59307AHPIB VHF Switch $200.00
PA.R.5206-95.98'Two-Phase Lock-in Amp.,

2 Hz-100 kHz, GPIB" .. ... $1250.00
TEKTRONIXTMSDOBTMSODG -series 3 slat Programmah!e

Power Module $450.00
TEKTRONIKTMSDOB‘TMWDD serles 6-slot Programmable

Power Module .. . $500.00

TEKTRONIXTMsDSTMSOCI -series 3—s|ct Pcwe: Mwu\e :
TEKTRONIXTM504TM500-series 4-slot Power Module .
TEKTRONIXTMS06TME00-series 6-slot Power Module .
TEKTRONIXTM515TM500-series 5-slot Portable

Power Module

. $150.00
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SUPERB SLIDE, TRAVERSES 2" with STEPPER DRIVE
The motorized, linear ball slides from NEAT are extremely rigid. No
slop with these heffy units. Top and botlorn machined from a 1° thick
and 1.25" thick solid alum. plate. Flex coupled, 12vVDC @ 0.44A
Rapidsyn size 23, & wire stapper Is included. These slides are in
excellent condition and removed from equipment. Overall size of slide
is 3'x 4" x 2° add 2.75" 1o length for the stepper. Excellenl for

! applications which require exireme repeatability. Limiled quantity.
INEAT 3X4......812%aq. or 2 for $229

-

KOLLMORGEN, ServoDisc MO Tq-f with

r optic
encorkr, St ppe,
Rugged, ironless, low inerio
rotor for high occeleration
and zero cogging. Very
compact 3.4" diameler x
4.2" high including he
encoder. Peak lorque 214

Brand New, Digital Power Corp. model US155-301, Universal power
supply. Open frame design sports 200Watts in o compact 3.75"W x
6.75°L % 1.5°H packoge. Universal AC inpul operates from 90 1o
250VAC, Additional outputs of -12VDC @ 1Amp and 5VDC @ 20Amps
as well as the 12VDC @ BAmps. This is one honkin' litfle unit. /O s
via a standard 0.1° male pin header. As with any power supply,

TRIPLE OUTPUT SUPPLY PUMPS OUT 12VDC @ 8AMPS! and That's just for Starters!

oz-in, rated speed 3000
RPM, cont. torque, 21 oz-in,
inm oulpul 46W, Max
6000 rpm, Peak
acceleration, 251 kﬁudsfs. Rn!ed voltage 17. 7V
5.2Amps, Weight 2 3Ibs. A fanlaslic servomator
Removed from new equipmen,
KO

LL-S6M4H.......$9%ea.
CARL ZEISS, 5-PLANAR LENS,

adequate cooling is required. These are the nicest unils we have seen
inawhile Don'l be left out DIGIPOWER.... $20 ea. or 3 for $49
IEE, 1X20 VACUUM FLUORESCENT DISPLAY MODULE
New, model 503601-82-02C series.module includes, VFD 2~
microcomputer ond driver Connecls directly o the system f n

bus via 8 bil, TTL compatible input. Display up o 20 dol

matrix, 5 x 7 characters (96 character U.S. ASCIl-7], 5mm H

% 3.5mm W with cursor. Display is green at 505nm. Brightness

is T70fL, Weighl: 4 0z Size: 6.63°L x 2 2°H x 0.6” thick. 5VDC@

386mA. Perfect for any high visibility display requirement.

With data. IEE-VFD20..$12ea. 4 for $39

GCA type .4/75, M1:5nA=0.30,

A fantastic lens with n current replocement cost GE

%55 mm._GM4-8Q QUAD..

B&W QUAD PROCESOR, The GM4-BQ is on unbeatoble volue. Four camera inpuis wilh loop through. Full
screen image, REAL TIME display, high resolution: 960 x480,
brightness adj. for each chan. Alarm fime (1-20 sec ) 4 alarm
inputs. Auto Sequencing mode with adj. dwell -4 sec. Quality
video processing Specs: «4 video inputs. #1 monifor oul and VCR
in/out, +4 alarm inputs *Buzzer *2 Alarm Oul *Dim: 239 x166

..$169

$20K. Extremely flat field and extemely high quality.
Removed from waofer-lithogrophy system, excellent
condiion. ZEISS-PLANAR. $49!

WEATHER RESISTANT and HEATED
Outdoor, Camera Enclosure,

Solid, extruded aircraft aluminum
Glass window. Sirain

NEW, GM960R TIME LAPSE VIDEO RECORDER

Finally a brond new, 4 head, T/L recarder with all the features al a pncevou can afford. Features: » Up 1o 960

reliefs for
cables. Size:
35wx37Th

hours on a standard 1-120 VHS tape « 12 different modes
for record and playback * Audio recording In the 12H and
‘24H mode. = 30Day memory backup * Easy mode
selfing.# On- screen menus » Aulo-Repeat recording mode
= Serial or One-shol recording = Time, Dale, speed, and
Alarm indicotors on screen. These deluxe units are front
\loading and are 14"W x 3 §'H x 12.2°D, 110VAC powered. SPECIAL, GM960R-VCR

.....3379ea.

XML New,
Perfect for our
new “Night
vision cameras”
GM-10H. -.$69ea

M|usinbln Heavy Duly Mount.....51 ?an

) [FESTO Pneumatic linear drive, with ra:lrcu’ai'mg-bnﬂ gum'e, type

DGPL-25--PPV-A-KF-B #161792, BRAND NEW!
Adjustable end position cushioning at both ends. The piston is filted with a permanent
magne! whose magnelic field can be sensed
by means of appropriate proximity swilches.
Nal included. This focililoles conloctless sensing | “
of intermediate and end posifions of the drive = 4
The cylinder is double-acfing. Compressed air is used fo produce the forward and refurn
siroke. Space-saving, rodless linear drive. The point of force delivery is prolecied against
rofation around the longitudinal axis of the drive. Mode of operafion: Double acting, Shape
ol piston: Round, Sensing fype: Magnetic, Adjustable pneumaotic cushioning up fa 18 mm,
Ball-bearing guide, Pisfon size; 25 mm, X-stroke: 10 mm Min. 3000 mm Max., Operating
pressure min. 2 bar /max. 8 bar, Air connections: 1/8” Female thread, Effective lorce at &
bar 295 N, Air consurnptian af & bar/10 mm 0.034 lifre

LIMITED QUANTITY, $175ea. 2 for $299

BRAND NEW, VIDEO MOTION SENSOR. The model VM-10 connect 1o any
standard video signal and you've go! an elecironic “walchman® diligenlly watching the
enfire scene. Or ony adjustable sized area within the scene. Such as a doorway or even
a drawer or cabinel. A state of the art
security aid. The unit will close a contact
when it senses a change. Aulo or manual i v @ 2
resel. Internal buzzer with volume control and E

adjustable on fime. VCR record and VCR stop outpul. luse with fime lapse VCR | 11OVAC
powered. Adjustable sensifivity. Video loop through. NEW, VM10......817%ea.

NEW! 6.8” LCD COLOR, TFT, ACTIVE MATRIX DISPLAY, A huge

23sq. inch VIEWABLE AREA, Super Deal. 2.8X the VIEWING AREA of

a 4" WOW! We wish you could see the color saturation and resolution of this superior

LCD display. Excellent confras! rafio, high

quality, full color images are comparable €]

o a CRT. Perfect, portable, general

purpose color monitor for standard NTSC

color or B&W video. Fully compatible with

oll our comeras os well as Camcorders,

VCR's, DVD's elc. OEM “companen!” style

unit has no outer cabinet, Designed 1o be

installed in YOUR housing via four

maounfing tabs as shown. Specs:

Resolufion, 1152H x 234V, 270K Picelst @

Viewing angle, Top 10°, Down 307, Left

457, Right 45° _ Brighiness, 300 ni, Size: W

% Hx D Imm/inl, 157.2 x 122 6 X 8.0, 62" x 4.83" x 11", Weight, 100z. Supplied with 30"

input cable. Video input via BNC jack , 12VDC inpul via a standard barrel connector
BRAND NEW, FIRST QUALITY. GMTFTé!
Regulated 12 VDC/110VAC power supply.

sl

~

r-ﬂ VIDEO MICROSCOPE in the PALM of your HAND!
NEW, MAGCAM, VIDEO INSPECTOR,
OFFERS HIGH POWER and LOW COST.
Two optical magnifications at the flick
of a lever. Choose either 40X or 140X.
A high quality, digital, color CCD camera, with
dual optical magrnification settings and built in
object illumination via two ultra bright, while
LED's. Enfire system s fully infegrated into o
rugged and ergonomically designed, hand held
unit only 2.7°W x 3"H x ond 1.8°D Video oulput is
standard NTSC via a RCA jock. 12VDC powered
CCD provides 380 lines of resolution and 0.8lux
sensitivity . Complete with power supply and 3
foot RCA cable. A fantastic and useful device for
inspection, diagnostics and observation of

small objects. Perfect for SMT inspection
SPECIAL, GM- MAGCAM....819%¢a.

NEW, 470 LINE, DSP COLOR Micro CAM
The HIGHEST PERFORMANCE available.
MICRO SIZED PACKAGE too!Yes 470 lines|
with a 60db S/N ratio 1o back it up! That's 16X
better than o typicol 46dB standard comera! The
GM-4500, CCD camera with its’ DSP technology
provides high speed e balance with no color
rolling. Auto shutter speed of 1/60 10 1/120,000
second, Truly stote of the orf. Sleek cast aluminum
housing profects the imm x 26mm pc board
inside.Mounling bracke! & 18" cable with BNC
video and DC pwr. jack for, no sweat hook up
requires only 12ZVDC@ 65mA Optional mirror
function avallable. Why fool around with an open
P.C. board? This comera has il all. » 1/4” CCD = | Lux = AGC = Auto Shutler » 270k pixels
* Sid. 3.7 mm, 68° FOV lens  Focus 10mm 1o Infinity = 3<ounce! » Size [mml: 33W x
29H x 300 GM-4500-STD, SPECIAL...$9%eaq.
NEW! 0.005 Lux, COLOR NIGHT VISION CAMERA!
UNBELIEVABLE LOW LIGHT PERFORMANCE.
State of the Art Video, Exclusive ON SCREEN, menu driven setup of
all camera parameters!
, For coverl, military & scienfific applications thal mus!
o * be color, this is il. Unbelievable 0.005Lux @ f1.2

(] performance is enhanced through low speed
| @

slectronic shuttering, digital frame integration and
advanced DSP. Auto sensilivily mode starts os il
becomes dark 24 hour survelllonce is possible with
fhe optional 1.2 auta iris lens shown below. Seven
Gain/Shutter modes are user selectable. Normal, X4, X8,
%16, X24, X32, X64. These provide frame rates of 60, 15, 8, 4,
3, 2ond 1 per second. Auto/Man. white balonce 3200° to
100007, auta/man BLC, S/N >52d8, Mirror on/off, Gain an/off, auto electronic shutter
146010 1/120,000 sec., Alum. housing, dual 1/4x20 mig. Specs: 1/2" CCD, 76BIHI X
494[V), with 380K pixels, 470 Lines, 12VDC =IV@200mA, Std. video out on BNC. Size
S1mm x 51mm x115mm long. Regulated power adaph All funciions con be
externally controlled. Use stondard c-mount 1s nal included
MV-3K-O5 ...544%aq.
High performance auto iris lens, 12mm, 11.2...$19%ea.
SONY, ROBOTIC COLOR CAMERA, 450Line, 8X ZOOM, NTSC &
5-VIDEO OUT, Serial Centrol of Pan, Tilt and Zoom, Auto Iris and
Auto Focus too! F T presets
alow ane click "go-ta” scenes with pan, filt
ond zoom for each in memory. (Under
software conirol] Like having your own
R2D2. Intended for use in fortune 500
board reoms. The video perfarmance s
stunning. Superior to almost anything we
have seen. Camera and lens is an
integral assembly. Excellent condition
Rugged black ABS enclosure. 8 pin mini-
DIN & Std. SVHS jock. Size: 8"Dx6.5H
With software and serial cable for remote
control. Regular price over $4K. Limited
quantity. Who! mare could you want?

PICTEL-4K $399ea. or 2 for $699

ORDERS. 800.810.4070
Tech 603.668.2499

NEW, DAY/NIGHT TECHNOLOGY,
OPTIM!ZED CO.I'.OR/ IR OPTICS

DSP tech d 10 Aut tic LED's.
Weather Tight GMA450K-IR Makes it Happen
Features include:
Interactive infrared
Hlluminator with 10
high power, wide
angle LEDs @
880nm . See
objects 60 feet
awaoy during fofal
darkness. A super
quality 5 element,
gloss lens,
specially coated with o 100 layer optical coating. For
perfect focus with white light and o crisp image
under infrared. Normally impossible due fo the
different focal point for IR and visible light. Solid state
infrared optical switch provides day fime IR cut filter
for excellent color. At night infrared filter will turn off
to allow infrared to pass. Also, night time IR LEDs will
gradually turn on with proper amount of illumination.
You can also see color images such as lights and
signs at night. Fog free cover glass. Specs: 0.5 lux
color sensitivity. 60dB 5/n ratio typical. 12° 110 coble
with BNC video and DC barrel jock. 120 dB smear
rejection rotio. Adjustable mount and C power
odapler included. GMAS50K-IR........$19%ea. |

NEW! WEATHERPROOF B&W mini TUBE CAMERA
Industrial strength, solid machined housing.

- ‘Steek black onodized, BRASS, housing is

0-Ring sealed & WATERPROOF. Adjustabe

mount included. Specs: 173" CCD, 400

Lines resolufion, 0.05 Lux sensitivity, AGC,
Auto Shuller. Operates on 12V

¥/ @200ma, 4mm, 78° FOV lens, A real

glass lens. NTSC video oul. Superior

construcfion. SENSITIVE lo IR Ultra small

Size only: 1.25" diam. X 2° long. With 60 fi. cable. Great lor ouldoor use oo

NEW, GM300K-N........ $99

NEW, lower cost, High quality, MINI BOARD CAM,
143" CCD, 420 Lines Res., 0.3 Lux sens., AGC, Pwr (8} 3]
from 9 10 12VDC @100mA, 266k PIXELS, 3.7mm, 92 e
FOV lens,A real glass lens. Auto shuter from 1/60 1a 1/
100,000 sec. Focus from 10mm fa infinify. Std. NTSC
video oul. 1/2 ounce! SENSITIVE 1o IR. Size; 1.25°sg. x
1°d. Conneclions vio a 3" piglail with PC board
connector,. GM-1000B-STD........ $45ea.

PULNIX, TMC7 INDUSTRIAL 1/2", COLOR CCD CAMERA
with Pentax Lens. For No Compromise Performance.
Specs: 1/2° CCD, 460
Unes resolution, 768H
* 494V Pixels, 2 Lux
sens. @11.4, Auto/
Man AGC, Aute/Man

-

NEW! 0.01 Lux, COLOR NIGHT VISION CAMERA!
FANTASTIC LOW LIGHT PERFORMANCE. Exclusive ON SCREEN,
menu driven setup of all camera paramefers.
NEW, STATE of the ART, GMV-35KOSD,
Perfect for covert, military & scientific
applications that musi be color Unbelievable
0.01Lux @ f 2 performance Is enhanced
Ihrough low speed electronic shultering,
digital frame Integration & advonced DSP
' Auto sensitivity mode starts as if beco
24 hour surveillance is possib ith the opfio
lens shown below. Specs: Shutter speed auto or manu
1/120,000, 60dB 5/N rafiof, 154dB Smear rejection!, AGC gain 0 d
dB. Digital gain 0dB to 12d8. Digital z0om confinuous from u 2X in 0.1X steps. Masking
mode allows hiding 4 programmable zones far privac o Camera an screen
name. Choose you own name for the comera and ¢ ay it on monitor for easy
identification.) White balance modes: Auto Iracking, one push or selection from 3200k
4800k, 5600k, 7800k, and "double white balance” independent white balance circuit for
both bright and dark zone, maintains correc! white balance even with combined indoor
and ouldoor lighting. Programmable 48 zone back light compensation mode for difficull
lighting situation. Negative mode for negative film reading. Mirror ima
selection for rear view and camera mounted upside down. Seven Gain/Shutier modes
are user selectable. Normal, X2, X4, X8, X16, X24, X32, X64 These provide frame rates
of 60, 30, 15, 8, 4, 3, 2, and 1 per second. Alum. housing, dual 1/4x20 mtg. Specs: 1/3°
CCD, 811IH) X 508{V), with 412K pixels ideo oul on
BNC. Sid S-Video out on 4Pin connector. Size: 2°H x 2°W x 4.5" long. Regulated power
adopler included. C-mount lens nol included.  GMV-35K0OSD... ..539%a.
High performance lens, 4mm, 1.3...$4%ea.

Shutter: 1760 1o I/ -

10,000 remotely confrollable vio 6 pin connecior inol incl | Auto/Man while
balance, Manual gain and hue conirols are external Complimentary color filler
12VDC @320maA, Pwr supply incl. Pentax, 16mm 1.4 lens, A real gloss lens
Included. Std. NTSC video out on BNC. Y/C {S-Video) outpul available on 12 pin
conneclor supplied. Superior construction. Compact size only: L6"W x 125H x
5.5"long. Perfect for use in process moniloring, medical, surveillance and
micrascopy. Used, excellent condition, Regular price $600. Limited quantity

PULNIX, TMC-7........... ..$14%ea. or 2 for $249
NEW! 4 or 8 CHANNEL, VIDEO AUTO SWITCHERS

Connec! four or eight sid, video signals and

they will be sequentially output to the dual =¥ 14 3 A
rear panel BNC outpuls. Front panel user

adjustable, variable dwell 110 15 sec per channel, Auto/manual swil Lhmq
with channel bypass. Compact only 8.6"W x 3.7° D % 175" H, ac powered

Video loop through GM-34, 4 Chan...$65, GM38, 8 Chan...$75 )

SPECIAL PRICE, 350MHz, TEKTRONIX 2467, MICRO CHANNEL
PLATE CRT! wrfh 4 Channels, 500ps per div. in normal room light.
Displays intermitient variations as they happen. Captures the slowes! ane shol evenls
r - with 4ns per division a 100 fold
Increase in the visual wriling rale
over conventional CRT
1ns rise Hime, 500ps/Div ime
base, 2ZmV/Div. verlical sensilivity
a 350MHz, 20ps fime interval
resolution, IMohm / 50-ohm
input, 500Mbz Irigger bondwidth,
four chonnels. On-screen
wovelorm cursors provide vertical
& horizontal scale factors. frigger level, voliage, ime, freq., phase, rafio values and
mode indication. With 2 probes, pouch ond manual EX. cond. %0 day warranty.

New..$12K Now SALE, TEK 2467........ $1995.
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News Bytes

Driver Training Center
Corrects Virtual Mistakes
Before They Become
Reality

he road to safe driving has

taken a digital turn for the
better.

GE Capital |-Sim has opened
its first Driver Development
Service Center in the Midwest. The
new facility combines classroom

instruction with new, state-of-the-art
driving simulators. Whether it's truck
drivers, police officers or emergency
vehicle operators, the |-Sim program
focuses on real-life scenarios that
train drivers how to avoid accidents
without endangering life or property.

"We can train truck drivers to
maneuver their |8-wheelers through
hazardous road conditions, or emer-
gency vehicles to reach a disaster
scene quickly and safely," says Mark
Stulga, CEO of GE Capital |-Sim. "Our
complete program lets drivers take
classroom learning straight to a life-
like simulator.

"I-Sim technology allows instruc-
tors to correct virtual mistakes
before they become reality." GE
Capital |-Sim's three part training
approach — classroom instruction,
computer-based training with a com-
plete driver skills evaluation, and
hands-on simulation time — provides
drivers, at any level, with a thorough
training development program, Stulga
says.

In addition to the Burr Ridge
training center, Stulga says GE Capital
I-Sim plans to open new Driver
Development Service Centers in
Anaheim, Dallas, Denver, Philadelphia,
and Salt Lake City. For additional
information, visit www.i-sim.com.

Gateway Brings Business
Services to Store Shelves

Making technology services as
easy to purchase as a box of

software, Gateway, Inc., now offers a
variety of online training, tech sup-
port, web site, and e-commerce plans
that can be bought as retail packages
at Gateway stores. Depending on the
service, packages may include a
detailed manual, simple step-by-step
instructions on getting started, and if
applicable, a pre-paid calling card or
an enrollment key that activates their
order:

"When it comes to purchasing
something intangible like a service,
customers tell us they want to talk to
someone in person and see demon-
strations of the service — in essence,
to see and touch what they're buy-
ing," said Jim Jones, vice president of
segment marketing at Gateway. "Our
stores give people the opportunity to
do all of that, and packaging services
in this manner complements their
technology buying experience."

Via the Internet, customers can
learn at their convenience — any time

and just about anywhere. For just
around $99.00 each, the packages
include a full year of unlimited access to
online learning courses, some of which
include: Microsoft Excel; Microsoft
PowerPoint; Microsoft Word; Microsoft
Access; Microsoft Qutlook;
WordPerfect and QuickBooks 2000.

Historic "No Payment, 0%
Financing' Program For

* 12-bit analog inputs
* 10-bit analog outputs
* 20 digital /O

* 32-bit counter

* Watchdog function

A\

LabJack
U112

$99 |

* Built-in screw terminals
* Easy-to-use USB |
* Everything included

* Use with C, VB, LabVIEW

* Windows 98SE/ME/2000/XP

LabJack Corporation
info@labjack.com
(303) 942-0228

Qualified Sony Customers:
Make No Payments and Pay
No Interest until
January 2003

ony Electronics now has a highly
flexible and comprehensive "No
Payment, 0% Financing Program" avail-
able to all existing and new customers
on a broad range of Sony profession-
al products. Under the program, cus-

tomers can defer all costs until
January 2003 and interest payments
on products of $2,000.00 or more
purchased by March 29, 2002.

Once a customer is approved for
the program by Sony Financial
Services, the purchased product(s)
will ship to the customer and the "No
Payment/No Interest” period will
begin. For a complete list of eligible
models, the terms, and conditions, go

The portable programmer that uses the printer port
instead of a internal card. Now with easy to use
Windows software that programs E(E)prom, Flash &
Dallas Ram. 25/27/28 & 29 series from 16K to 8
Megabit with a 32 pin socket. Adapters available for
MCU's 874X, 875X, Pic, Atmel, 40-Pin X186, Serial
Eprom's, PLCC, Bi-Prom's, Eprom Emulator to 32K X

The Pocket Prqrammer

Only $149.95

Same Name, Address & Phone # for 19 Years....
Isn’t it Amazing 7

Intronics, Inc.

Box 12723 | 612 Newton St.
Tel. (913) 422-2094

Fax (913) 441-1623

Add $7.00 COD
Add $6.00 Shipping

WWW.IN-KS.COM

Visa/MC/Amex/Disc

r'v—v' ""v-vr“mﬂ

1511

CALL: 800.615.8378

WWW.TestEquipmentConnection.COM

Circle #59 on the Reader Service Card.

EquipmentiLonne

Test Equipment Connection is looking to purchase your excess or underutilized
electronic test and measurement equipment. We huy the largest variety of
electronic test equipment in the industry.

REPAIR

FAX: 800.819.8378

cLion

Corporation
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Earn Your Degree at Home!

&3, Cleveland Institute of Electronics offers comprehensive yet

A affordable independent study training programs in electronics
and computer technology. Experience a step-by-step teaching
s ! method designed specifically for the independent study student.

934°~  Build on what you already know!

You may be eligible to apply for advanced standing in CIE's AASS. Degree
Program based on your previous work life experience, military training or
academic history. If you're like most readers of this magazine, your electronics

background can help you receive your ~— ——————— — E,
degree in less time than you think! Nariie -
Choose from many programs! Address .

Earn an Associate in Applied Science in City

a Diploma from one of our other high

tech programs. All the lab equipment

and instructor support you need to
succeed is included with every program. |

Phone ANV03

I
I
I
Electronics Engineering Technology or | sgace Zip _
I
|

Send for a FREE Course Catalog
CIE; 1776 E. I7th, Cleveland, OH 44114

News Bytes

to hetp://www.sony.com/prof
essional.

Better Power Alternative
for Digital Cameras That
Use AA Cells

f you're tired of changing your
digital camera's AA batteries
every few hours or waiting for AA
rechargeables to recharge when
you run out of juice, Electric Fuel's
new INSTANT POWER™ batteries
for Olympus, Kodak, and Nikon
Coolpix digital cameras will provide
instant relief.

These disposable power sources
deliver as much as 12 hours of con-
tinuous use — up to five times more
than on-board AA alkaline batteries

rechargeables. Their 3300 mAh capac-
ity makes it possible to take up to
4,000 digital photos without changing
or recharging the battery, offering a
special advantage for vacations, family
celebrations and similar events involv-
ing lengthy photo sessions.

As an added benefit, INSTANT
POWVER batteries come fully charged
and ready to use right out of the
package. The digital camera batteries
weigh just six ounces, plug into the
camera's DC jack via a 36" cord, and
attach to a built-in belt clip for easy
carrying. They have a three-year shelf
life when stored unopened in their
original packaging, and will last up to
three months between uses when
resealed in the aluminum pouch
provided. For more info, visit

and considerably more than AA www.electric-fuel.com.

Electro Mavin

Call (800) 243-6446 or visic www.cie-wc.edu for a FREE Catalog!

FCC Course with Certificate

A Powerful 19 Lesson Self-Study Program on one CD!

new
After completing this course you will be ready to take the FCC =§ e YR P Great Buys - Great Products - Great Gadgets
examination for a General Radiotelephone Operator License. Check Oiit Our Great WebSHs at
The General Radiotelephone Operator License is required g
to adjust, maintain or repair any FCC licensed radiotelephone . t J
transmitters in the aviation, maritime and international fixed %%, 4 e

http://mavin.com

For Computer Items, Hobbiest Projects,
Microwave Goodies and Some of the
Greatest Prices on the Web....

public radio services. It is issued for the lifetime of the holder.

19 FCC Lessons on CD ROM
Every lesson is presented in a clear and easy-to-understand format which makes
learning this material fun and easy. After each lesson you'll take an exam.You can take
it on-line or fill out one of the answer sheets we provide and mail it. After you finish
the |9 lessons we'll send you a Certificate of Completion from Cleveland Institute of
Electronics that’s suitable for framing.

800-421-2442 or FAX 310-632-3557
E-Mail
john@mavin.com or Ssean@mavin.com

CIE Instructor Assistance with Priority Grading
Use our toll-free hot line to talk with our faculty if you ever need assistance with
your lessons. Your exams will be graded and sent back to you within 24 hrs.

(800) 321-2155 o vist www.ciebookstore.com

CA, HI & OH residents must
CIE Bookstore: 1776E 17t Cleveland OH 44114 44’ iec ane $5.25 shipping

J
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PICmicro® PIC16F87x
Series and ICD Book

PICmicro® BOOKS

LEARN ABOUT MICROCONTROLLERS
Easy PIC'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, VO conversion

PIC'n Up The Pace - intermediate $34.95
« Serial communication - PICmicro to peripheral chips
» Serial EEPROMS
* LCD interface and scanning keypads
+ D/A and A/D conversion - several methods
* Math routines

PIC'n Techniques - intermediate $34.95
* B-pin PICmicros
= Timer 1, timer 2 and the capture/compare/PWM (CCP) module
+ Talking to a PICmicro with a PC using a terminal program
« Test equipment and data logger experiments

. [
Serial PIC'n - Advanced $49.95
= Synchronous - bit-bang, on-chip UART, RS-232
= Asynchronous - [2C (Philips Semiconductor)
SPI (Motorola), Microwire {National Semiconductor)
+ Dallas Semiconductor 1-Wire bus

Stepper Motor Book
Eagy Step'n

+ For the experimenter. g
« Determine surplus stepper motor specs using
simple easy to build test equipment.
+ Design and build micracontroller-based control systems
(flow charts and code examples included)
« Design and build stepper motor driver circuits.
+ Analyze the mechanical characteristics of stepper motor-driven devices.
+ The book is full of experiments, circuits and code.
+8.5x11 formal. 205 pages. $34.95

Table Of Contents And Ordering Information On Web Site
Microchip ICD

http://www.stepperstuff.com
- Companion for our

1 PIC'n book series

UARE—: ELECTRONICS . 8.5x11 format.

+ 72 pages. $12.95
P.O. Box 501, Kelseyville, CA 95451 pag $
Voice (707) 279-8881 Fax (707) 279-8883

We have been selling on the Internet since 1996. We will ship
the day we receive your order or the next business day.

Easy
Debug'n

- Features of PIC16F87x
microcontrollers
- In-circuit debugging using

Table Of Contents And Ordering
Infermation On Web Site

PICmicro and MPLAB are trademarks of Microchip Technology Inc,
Table Of Contents And Ordering Information On Web Site

http:/ /www.eq-1.com http://www.eq-1.com
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1/3” COLOR OUTDOOR CAMERA

Made in
the USA

Industrial "O" Ring Sealed

AV-48WCS8 - 235.95 Aluminum Case

wwwroLamsusa.con OVER 700 DIFFERENT PRODUCTS IN STOCK!!!

LIPSTICK CAMERAS - DIGITAL RECORDERS - CALL OR CHECK ON-LINE TO ORDER YOUR FREE COLOR VIDEO CATALOG - MICRO CAMERAS - WIRELESS VIDEO

This camera merges the gap between bullet
or lipstick cameras and full-size housings
with cameras. Unlike bullet or lipstick ok
cameras with limited features, this unit has
many features only found on larger, cased
cameras, The AV-48WC8 keeps the best part 5
of the bulletflipstick line in that they install f = 1N
quickly and come pre-assembled, ready for
installation. Auto iris and vari-focal lens

CABLE TRANSLATOR

‘uy

Cabie Transiator Unit
Standard NTSC Video z o a
= Fhaat |
TRL4

options are available upon request. " allll . By
We have 6 different configurations to meet [ ] ] L
your requirements for outdoor or indoor self- |8 v |

contained cameras. =i — AC Power 110 VAG

TRL-4 This fantastic cable
translator provides DC power
through your existing coax cable
to supply power to cameras, At
the same time, and via the same
cable, the video signal is received
and relayed to a monitor. With
four input/output connectors, this
translator is very simple to install.

6 Configurations
* B/W: Regular, Auto Iris,
Vari-Focal Lens
*Color: Regular, Auto
Iris, Vari-Focal Lens

TRL-4 $189.95

»
.

Maximum Cable Run - 500 ft

T —

Converters Are Included

800-752-3571

12 VDC Powar.
——
Video

12 w_sfm:I

wmn
an Video

HIGH GAIN DIRECTIONAL PATCH ANTENNAS
The Patch or Panel Antenna elements are temperature stable with a
low return loss and low frequency drift vs. temperature

They offer heavy duty use, yet are lightweight construction
Maximum wind survival speed of 180 kmv/h is achieved by use of

a solid aluminum mounting back (DA-12, DA-18) High gain signal
feature is guaranteed by the excellent VSWR specification of 1.5dB.

DA-6 - $29.95 L

DA-12 - $119.95

Visit our website for more information

USB VIDEO CONVERTER

USB-01 The USB Video
Converter acts as an
interface for your analog
video sources and converts
analog output to digital for
your computer. The USB
Video Converter accepts
high resolution SVHS video
and standard composite
NTSC video.

= Compression Capabilities

* Two Video Inputs

* Plug-N-Play

* Independent Power Source

USB-01 $89.95

Other features include:
- High Speed

= Snap Shot

» Editing Capabilities
+ Compact & Portable

Call today for
mare information.

MICRO BOARD CAMERAS MANY MODELS TO CHOOSE FROM!
- _I - . 4

MB-1250P

DIGITAL MONITORING & RECORDING SYSTEM
“YOUR WEB BROWSER IS YOUR REMOTE EYE!”

applications, the
LP-850W B/W
Infrared Camera
operates in
extreme low-light
conditions.
Recently
developed
technology allows
this camera to see
in total darkness
up to 20 feet away
with built-in LEDs.

The PV-140 Series turn your own PCinto a
commercial grade digital security system in a few
minutes, The PV-140 Series integrates a color
quad processor, multiple zone video motion
detector, multiplexer, and a real time digital videa

. PV-140-A-$299.95

recorder (DVR). Excellent for
“§ PVv-140-B ¥ TCP/IP mounting on a
- + MODEM wall or celling.
Infrared light is
v LAN/WAN
controlled by an
auto-sensing
Works Great With Our photo cell.
1 P Wireless Receivers, Too!
PV-140-D
PV-140-B '
Each card can connect

up fo 4 cameras.

GFR-2400 - 2.4GHz Receiver - $149.95

We offer two models of audio receivers or microphones. Surface
mount technology and the latest in MOSFET audio amps are

used in the design. Automatic Gain Control (AGC) and Dynamic
Level Control (DLC) are employed to assure every sound will be
picked-up while not overwhelming other sounds.

MIC-300 - $14.95

B/W INFRARED LIPSTICK CAMERA

Designed for surveillance

Call today for more information!

LP-850W - 99.95

MICRO AUDIO RECEIVER

A

MB-1250HRVF MB-8108 MB-850U =
csel;rﬁ\taﬂ;c; C;; ;inghnslu I:-slrsmaﬂ;'g ;"53";3 5” COLOR WIRELESS OBSERVATION SYSTEM
. - - — ADD UP 703 Now you can enjoy peace of mind with our new
LONG DISTANCE TWISTED-PAIR AV TRANSMISSION SYSTEM ADDITION-‘“‘» wireless abservation system. Comes with a §
CnMERAS' wireless color monitor, a wireless color camera.
TP-5000 Transmitter TP-5000 Receiver Just Plug-&-Play for perfect wireless video any
= ’ time! Great for around the house, office or
DSW:IZV Palr 4 :"’:{" technical field work
. eo udio
! Camera Audio = Video
- : GW-24005A - $379.95
Mic 300 or 600 = pe =
- Siren
Sensor -~ - z
Ny - 0.9
TP-5000 - $119.95 ” Fnﬁ:rusz‘:)ply ’ 12 VOLT RECHARGEABLE BATTERY PACK

wisted-pair Wire, Easy And Fast To Install
one Transmi 1 R Up To 1.2 Km
eed For External Power Al Camera

2 X, )
Ready To Accept PIR Sensors Or Alarm Inputs

nd A Transmitted With Clarity And Immune From Noisy
al Environments

e

Call today for
more infarmation

N OPERATE YOUR CAMERA
OR TFT MONITOR IN THE FIELD!

no need to wait until your battery pack is fully

arged, you can re-charge at any time!

This 12V high-capacity portable, rechargeable battery
pack will operate any of our 12V cameras, transmitters
and TFT Monitors. It has a charge time of 4 hours and
allows for a total of 2000 re-charges

RBP-12V - $69.95

800-752-3571

Tﬂcﬂ Miﬂzz:ﬂlz_}.‘ + Fax 404-872-1038

WWW.POLARISUSA.COM
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470 Armour Drive NE « Atlanta GA 30324-3943
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Putting the Spotlight on BASIC Stamp Projects, Hints, and Tips

4

by Jon Williams

Where In The World Is My BASIC Stamp?

‘A few days before | started writing this article,
lPresident Bush submitted his budget proposal to
jCongress. Part of the new budget calls for dra-
“matic increases in military spending to make up
for lack of technological progress in the past sev-
eral years. I'm not trying to be political here. I sim-
| ply want to point out that we, as civilians, do and
will benefit from technology developed by our
military and space programs.

ase in point: GPS,

the Global

Positioning System.

GPS was originally

developed by the
military to provide precise loca-
tion and navigation capabilities in
a wide range of military applica-
tions. We've certainly all heard of
GPS-guided "smart" bombs. The
American military dropped quite
a few of them on those Taliban
idiots in Afghanistan. Yes, a few of
them missed the mark with tragic
consequences. This wasn't the
fault of the weapon or the GPS
system; it was a problem with the
location data loaded into the
bombs.

Luckily for us, the technology
has been made available to the
civilian world and the uses for
GPS are far more friendly. GPS
navigation systems in cars are
very useful, particularly for those
driving in an unfamiliar city. Not
long ago, | went to lunch with a
friend who has his car equipped
with such a system. From a menu
he selected his favorite restaurant
and the system — using GPS and
voice synthesis — "talked" us all
the way there ... with a very friend-
ly female voice, no less. He even
made a deliberate mistake to
show me how the system could
compensate for the error. The sys-
tem was very cool, telling us
about approaching intersections
and to be prepared to turn. It was
a very impressive demonstration
of GPS technology.
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On a smaller scale, GPS
receivers have become incredibly
popular with hikers and others
involved in outdoor recreational
activities. One of the most popu-
lar consumer GPS units for these
applications in the eTrex GPS
from Garmin. Garmin actually
has a family of eTrex GPS
receivers. At the low end, the unit
goes for about $120.00 retail.
That's not too bad for a piece of
equipment that can tell you where
you are on the planet with an
accuracy of down to 150 feet or
so — much better depending on
conditions. | routinely see estimat-
ed accuracies of less than 20 feet
on my elrex. While any of the
models of the eTrex family will
work with this month's program,
the entry-level model works just
fine and is what | used to test the
code.

GPS Basics

There are several excellent
explanations of the GPS system
on the Internet (see sidebar), so |
won't go into a lot of detail here.
Fundamentally, the system works
like this: There are 24 GPS satel-
lites in orbit around the planet.
The orbit of these satellites is very
carefully controlled by the US
Department of Defense. Each
satellite broadcasts the precise
time (using an atomic clock) and
other information required by
GPS receivers. The GPS unit on
the ground receives signals from

three or more satellites and, using
some fairly tricky math, is able to
triangulate its planetary position.

And all of this happens in a
unit the size of a cellular tele-
phone. Beyond basic position, the
GPS receiver can tell us accurate
time, speed, heading, and other
information relevant to naviga-
tion. It's very neat stuff.

Getting Connected
To The BASIC Stamp

Most GPS receivers output a
stream of data so that it can be
used by other devices. The most
common format is NMEA 0183
(MNational Marine Electronics
Association). This data is provid-
ed as a series of comma-delimited
ASCII strings, each preceded with
an identifying header. The data
output rate is very tame: 4800
baud, N-8-1. This is no problem
for the BASIC Stamp.

The trickiest part about con-
necting the eTrex to a BASIC
Stamp is the mechanical connec-
tion. The eTrex uses a proprietary
connector and the cables from
Garmin are fairly pricey — about a
third of the cost of the receiver
itself. | can vouch for the quality
though; they are made very well.

It seems that the popularity of
the eTrex GPS has created a cot-
tage industry of third party con-
nector and cable manufacturers.
In the web sites sidebar, you'll find
a list of sites that will sell you the
connectors and a variety of pre-
fabricated cables that will work
with your eTrex. For this month's
program, | used the Garmin bare
wire cable (#010-10205-00). You
can either purchase that cable
from Garmin or go the DIY route.
If using the Garmin cable, the wire
colors are shown in Figure 1.

Decoding The GPS Output

The purpose of the program
this month is to "listen" to the GPS

DataOut  (while)
s black
Ground o—‘/_)l_
Ty

Figure |
Connecting the

eTrex to the

BASIC  Stamp
using the Garmin
bare wire cable.

output until a certain string is
transmitted, grab it when it is, and
then pull all the data out of it and
convert it to numbers that can be
used or manipulated. To do this,
we will be using the BS2p. The
BS2p has a (undocumented) seri-
al modifier called SPSTR. This
modifier collects serial input and
saves it in the scratchpad RAM,
starting at location zero. Once the
string is in the scratchpad, it can
be parsed and converted as
required.

The main string the program
waits for is called SGPRMC —
Recommended minimum specific
GPS/Transit data. If you connect
your eTrex to a terminal program,
you'll see that the SGPMRC sen-
tence is the first line of several
that are output every two seconds
(see Figure 2). The baud rate and
number of characters transmitted
for all of the sentences are what
determine the two-second delay
between transmissions.

After | had the basic code
working, | decided to add another
piece: altitude. This is transmitted
in the same format using a
Garmin-specific string: SPGRMZ.
As it turns out, the altitude can be
intercepted and decoded within
the SERIN statement — without
buffering it into the scratchpad
RAM. And with the speed of the
BS2p (program speed, not
ground speed ...), there is plenty
of time between the arrival of
SGPRMC and SPGRMZ to decode
the SGPRMC data.



Stamp Applications
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_Fig_ure 2
The $GPMRC sentence is the

first line of several that are out-
put every two seconds.

The Code, The Code

Since the connection between
the Stamp and the eTrex is elec-
trically trivial, I'll jump right into
the code. This looks like a long
program but it really is fairly
straightforward and there are a
few neat tricks inside. Again, the
purpose is to capture the GPS out-
put and then parse out specific
data and convert it to numeric
form so that it can be manipulat-
ed. The output of the program is a
report sent to the DEBUG screen.
You can use the guts of this pro-
gram as a jump-off point for your
own GPS-based projects.

The Initialization section
opens the DEBUG screen, draws
a ruler to help us analyze the
SGPMRC sentence, and sets up
some labels where the GPS data
is displayed. This is all pretty easy
stuff. I've started using more of
the built-in formatting functions
available with DEBUG. Notice the

ol Al H o ”/f

code will cause the cursor to
move to a specific X/Y location in
the DEBUG screen. Another that
is used a little later is CIrRt. The
CIrRt code will clear everything
from the current cursor position
to the end of the current line. This
code is handy for keeping the
screen neat and uncluttered with
old data.

The first line in the Main sec-
tion does the work of waiting on
the SGPMRC sentence and storing
it in the BS2p's scratchpad RAM.
As you can see, the SERIN com-
mand is set up for 4800 baud with
a timeout of three seconds (3,000
milliseconds). This value make
sense since the sentence should
show up every two seconds. And
notice that the program is actual-
ly waiting on "GPRMC," instead of
"SGPRMC" as you might expect.
The reason for this is twofold: the
WAIT modifier is limited to six
characters and | want the first
data character (position UTC) to
be placed in address zero of the
scratchpad.

When using SPRSTR, we have
to tell the Stamp how many char-

set the character count to 65.
Usually, the SGPMRC string will
be about 60 characters long. I'm
going to allow 65 so that when |
take this project "on the road" and
the variable-width speed field gets
wider, everything will be captured.
Be careful when using the length
specification in SPSTR — it's okay
if the length is specified short, too
long and the Stamp will be left
waiting for more characters.
That's not a problem for this pro-
gram since several hundred bytes
of data are transmitted after the
SGPMRC string.

Now comes the real work:
extracting numeric data from the
string.

Some of you may have seen a
little project we did at Parallax
with GPS and model airplanes.
Just for fun, we created a little
GPS data logger from a BS2p and
strapped the receiver and Stamp
to the wing of a trainer aircraft. My
boss, Ken, flew the plane while
the program was running and
when we got back to the office we
were able to graph the flight path
of the airplane. It was a lot of fun.

As | look back on that code, it
was a bit, well ... inelegant ... and |
really wanted to clean it up and
make it easier to use with different
GPS strings. That's what I'm pre-
senting here.

One of the key elements of
the program is a subroutine called
String_To_Value. The purpose of
the routine is to convert an ASCII
string to a 16-bit number. The
string is stored in the scratchpad.
The subroutine starts by knowing
the position of the first digit in the

convert.

Take a look at the code. The
routine starts by clearing the
return variable workVal. Next, the
field width is checked to make
sure it falls in range. We have to
be a little careful when specifying
a field width of five since 65,535 is
the largest value that a Stamp
variable can hold.

The heart of the routine
retrieves a character from the
scratchpad, converts it from
ASCII to a number by subtracting
"0" (decimal 48), and then adds
the digit value into the return vari-
able. The field width is decre-
mented and checked for zero. If
it's zero, the routine is done and
the value of the field is returned in
workVal. If not, the digits in
workVal are shifted left to make
room for the next. Since we're
dealing with decimal numbers,
this is accomplished by multiply-
ing workVal by 10. Quite a lot of
the work in the program is done
with this routine. After calling
String_To_Value, the value is
moved from workVal to the spe-
cific variable used for storage.

Just a couple notes on the
numeric values. The decimal por-
tion of the latitude and longitude
values are fractional minutes. To
convert fractional minutes to sec-
onds, we multiply by 60. In the
case, we actually use 0.06 to get
tenths since the routine returns
the fractional value multiplied by
1,000.

In the past, I've used the */
(star-slash) operator for fractional
values. In this case, the ** (star-
star) operator is used for better

constant called MoveTo. This | acters to buffer. In this case, I've | string and how many digits to | precision. Star-star can only be

Web Sites Worth Checking Out TR I (=

Com Port:

DIR I [RTS
OSR @ CTS

Baud Rate: Parity:

Data Bits: Flthaﬁlf!: ®TX I
®RX @

How GPS Works
- celia.mehaffey.com/dale/theory.htm

Decoding NMEA 0183 Strings
- celia.mehaffey.com/dale/nmea.htm
- home.mira.net/~gnb/gps/nmea.html

eTrex Related
© Www.garmin.com
- www.firstwaypoint.com
* www.etrex.webz.cz
* www.geocities.com/etrexkb

Alternate Sources for
eTrex Cables and Connectors
- www.pfranc.com
* WWW.gpSmemory.com
- www.blue-hills-innovations.com

Figure 3

BASIC Stamps and GPS

- www.parallaxinc.com/downloads/Resources/
Aero%20GPS%20Brief.PDF

- www.stoneflyers.com/gps_guided_truck.htm

LEptare Macros...
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used with fractional values of less
than one. To get the value for this
operator, multiply the fraction by
65,536. So, 0.06 x 65,536 is 3932
(SOF5C). To use a star-star with
fractional values greater than one,
you need to multiply the whole
portion separately. Take a look at
the code that converts knots to
miles per hour.

The next step in the decoding
process is getting the signal valid-
ity, latitude indicator, and longi-
tude indicator. These arrive in the
SGPRMC string as letters. Since
there's really no need to waste
eight bits of storage for what are,
essentially, binary values, the pro-
gram uses a variable called flags
to hold them as bits. Simple com-

Author’s Note: For more hints and tricks on using star-star, be
sure to visit Dr. Tracy Allen's web site. Tracy is the coolest Ph.D.
you'll ever meet — a Stamp guru and a real regular guy!
www.emesys.com/BS2math1.htm.

parisons are used to set or clear
the associated bits in flags.

Next comes speed. The
speed value (knots) starts in a
fixed position but is a variable-
width field. The legal values are
from 0.0 to 999.9. Decoding
speed is not much different from
what has previously been done —
the difference, of course, is that
the field width is not known. The
routine Mixed_To_Tenths deals
with this problem by looking for
the decimal point in the field.
Since the decimal point is expect-

parsed out based on its position.

Custom Garmin string:

MO W % N ™ W] % % L, W m w % i M %

Reads NMEA data string from GPS receiver and parses data.
buffered into scratchpad RAM with SPSTR modifier.

[ [T T E—— -
'

' File,..... SIMPLE GPS.BSP

! Purpose... Simple GPS Interface

! Author.... Jon Williams

* E-mail.... jonwms@aol.com

! Started... 16 JUL 2001

f Updated... 07 FEB 2002

" ($STAMP BSZp}

P om—— [ Program Description ] —

GPS string is
Once in SPRAM, data is

$GPRMC, POS_UTC, POS_STAT, LAT, LAT D, LON,LCN_D, SPD, HDG, DATE, MAG VAR, MAG REF, *CC

{hhmmss)
valid, V = Data inwvalid)

(x.x)

POS UTC - UTC of position. Hours, minutes and seconds.
POS_STAT - Position status. (A = Data

LAT - Latitude (ddmm.ffff)

LAT D - Latitude direction. (N = North, S = South)
LON - Longitude (dddmm.Efff)

LON D - Longitude direction (E = East, W = West)
SPD - Speed over ground. (knots) (0.0 - 9399.9)
HDG - Heading/track made good (degrees True)
DATE - Date (ddmmyy)

MAG VAR - Magnetic variation (degrees) (x.x)

MAG REF - Magnetic variation (E = East, W = West)
*CC - Checksum

= user, 3 = GPS)

-

GPS serial input

$PGRMZ, ALT, F, X*CC

ALT,F - Altitude in feet

X - Position fix dimensions (2

*CC - Checksum
! -——--[ Revision History ]
(A==, [ I/O Definitions ]
GPSpin CcoN 0
et [ Constants ]
N4800 CON 16884
MoveTo CON 2
LF CON 10
ClrRt coN 1
EST CON -5
CST CON -8
MST CON =7
PST CoN =
EDT CON -4
coT CON =5
MDT CON -6
PDT CON =1
UTCEix CoN 6ot
o coN nn
DegSym CoN 176
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-

baud rate for GPS

-~

DEBUG positioning command
linefeed
clear line right of cursor

~

-

Eastern Standard Time
Central Standard Time
Mountain Standard Time
Pacific Standard Time

.~ s s s

~

Eastern Daylight Time
Central Daylight Time
Mountain Daylight Time
Pacific Daylight Time

-~

~

-

=

for Dallas, Texas

degrees symbol for report

ed, the return value is in tenths.
The last bit of data that | want
to collect from the SGPRMC string
is the location date. This is a
fixed-width field, but is it located
after the variable-width speed
field so finding it requires a strate-
gy. The way it's done in this pro-
gram is by counting the field-
delimiting commas. | created a
subroutine called Move_To_Field
to handle this. To use the routine,
| put the field number in field,
then call the routine. When it
RETURNSs, the variable idx holds

MinSym o 39 " ' minutes symbol
SecSym CoN 34 " seconds symbol
fommeee [ Variables ]
idx VAR Byte " index into GPS data in SPRAM
flags VAR Byte ' holds bit values
valid VAR Flags.Bit3 ! is data wvalid?
tmHrs VAR Byte ' time fields
tmMins VAR Byte
tmSecs VAR Byte
latDeg VAR Byte f latitude
latMin VAR Byte
latSec VAR Word
latNs VAR flags.Bit0 ro=N
longDeg VAR Byte ' longitude
longMin VAR Byte
longSec VAR Word
longEW VAR flags.Bitl f0=E
speed VAR Word * in tenths of mph
altitude VAR Word " in feet
day VAR Byte ' day of month, 1 - 31
month VAR flags.Nibl * month, 1 - 12
year VAR Byte " year, 00 - 99
char VAR Byte * byte pulled from SPRAM
workVal VAR Word ! for numeric conversions
eeAddr VAR workval ' pointer to EE data
field VAR Nib " field #
fldwidth VAR field Y width of field
! m—— [ EEPROM Data ]=--— =
NotValid DATA "No", 0
IsValid DATA "Yes®", 0
DaysInMon DATA 31,2s8,31,30,31,30,31,31,30,31,30,31
MonNames DATA "JAN",0,"FEB",0, "MAR", 0, "APR",0, "MAY", 0, "JUN", 0
DATA »JuL", 0, "AuG", 0, "SEP", 0, "OCT", 0, "NOV", 0, "DEC", 0
¥ =m====[ Initialization ]
Initialize:
PAUSE 250 * let DEBUG open
DEBUG CLS ! clear the screen
DEBUG "Simple GPS Interface",CR
DEBUG "————
Draw Ruler:
FOR idx = 0 TO 65
IF (idx = 0) THEN Print Ones
IF (idx // 10) > O THEN Print Ones
DEBUG MoveTo, (7 + idx), 3, DEC1 (idx / 10)
Print Ones:
DEBUG MoveTo, (7 + idx), 4, DEC1 (idx // 10)
Print_Ticks:
IF (idx // 10) > 0 THEN Next Digit
DEBUG MoveTo, (7 + idx), 5, "|"
Next Digit:
NEXT
Draw Data Labels:
DEBUG MoveTo, 0, 8, "Signal Valid: "
DEBUG MoveTo, 0, 10, "™ Local Time: "
DEBUG MoveTo, 0, 11, "™ Local Date: "




the position of the first digit in
that field. Once the position of the
date field is known, the rest is
easy.

One last thing to do with the
SGPMRC data ... | live in Dallas,
TX, which is six hours behind
UTC time reported by the GPS
receiver. Correcting for the offset
isn't very hard, it just takes a bit of
code because there may be a
date change as well. The time and
date correction code looks for a
day cross, then adds or subtracts
a day based on the UTC offset
specified by the program. The
only thing this code doesn't do is
account for leap years.

Since negative values are
stored in two's-compliment form,
bit 15 will be set in negative num-
bers. This fact is used by the
BRANCH line to direct the code to
adding or subtracting a day —
with month and year correction, if
necessary.

| mentioned earlier that we've
played with attaching GPS units
to model airplanes. Doing that, it
would be nice to know the alti-
tude. One thing to understand is
that GPS altitude from civilian

" DEBUG MoveTo, 0, 13, " Latitude: "
DEBUG MoveTo, 0, 14, " Longitude: "
DEBUG MoveTo, 0, 15, " Altitude: "
DEBUG MoveTo, 0, 16, ™ Speed: "

receivers is terribly inaccurate,
but we're willing to pull it out any-
way. Later, we'll experiment with
some of the higher-end Garmin
units that have barometric altime-
ters for better accuracy.

The altitude is broadcast in
the Garmin-specific SPGRMZ
string. The cool thing about this is
that it's a whole value in a single
field so we can grab it on-the-fly
using the DEC modifier. When the
comma after the altitude field is
hit, DEC terminates and the value
is stored in altitude.

We Got It, Let's Show It

Okay, now the latest SGPRMC
string is safely stored in RAM, its
data is parsed out, so it's time to
display the results of the pro-
gram's cool code. First comes the
display of the raw SGPMRC string.
The display routine is fairly sim-
ple. Since the header isn't actual-
ly captured with SERIN, it gets
printed manually. Then, one-by-
one, characters are retrieved (with
GET) from the scratchpad and
displayed on screen. Remember
that these are ASCII characters so

g
§

Main:

SERIN GPSpin, N4800, 3000, No GPS_Data,
GOSUB Parse GPS Data

' wait for GARMIN custom string
' —— use DEC to extract altitude

Get Altitude:
Show GPMRC String:

DEBUG MoveTo, 0, 6,
idx = 0

"SGPRMC, "

Print GPRMC Char:
GET idx, char
DEBUG char
IF char = "*" THEN Print Checksum
idg = idx + 1 -
GOTO Print GPRMC Char

Print Checksum:
GET (idx + 1), char
DEBUG char
GET (idx + 2), char
DEBUG char, ClrRt

Show_Report:
DEBUG MoveTo, 14, 8
LOOKUP wvalid, [NotValid, Isvalid]
GOSUB Print_Z String
DEBUG ClrRt
IF (valid = 0) THEN Signal Not Valid
Signal Is Valid:
DEBUG MoveTo,

14, 10, DEC2 tmHrs, ":",

DEBUG MoveTo, 14, 11, DEC2 day, " "

SERIN GPSpin, N4800, 2000, Show GPMRC String,

, eehddr

' wait for $GPRMC string and store data in SPRAM

[WAIT ("GFRMC, "),
! extract data from

SPSTR 65]
SPRAM

[WAIT ("PGRMZ, "), DEC altitude]

-~

print header
start at position UTC

print the $SGPRMC data string
get char from SPRAM

display it

look for checksum indicator
point to next char

s 0w ow s

get first checksum char
display

get second checksum char
display, clear to end of line

s s -

was the signal valid?
get answer from EE
print it

clear end of line

~ s o= o.

DEC2 tmMins,

n.n
=

DEC2 tmSecs

there is no conversion require-
ment.

Since the string length can
vary, what the program does is
look for the asterisk which comes
right before the two-digit check-
sum. Once the asterisk is detect-
ed and printed, it's a simple mat-
ter to GET and print the next two
characters. Finally, the rest of the
line is cleared with CIrRt in case
the current string was shorter
than the previous.

Next, the signal validity is
printed. To make the display a lit-
tle userfriendly, zero-terminated
strings are stored in EEPROM and
printed using Print_Z_String. If
the signal was good, the values
are printed, otherwise the screen
is cleared. Done! The final output
of the program is shown in Figure
3. Notice that the time and date
have been corrected for the six-
hour difference between Dallas
and UTC time.

What Will You Do With It?

Okay, it's your turn. Now that
you know how to get GPS data
into your Stamp, what will you do

Resources:

jonwms@aol.com

599 Menlo Drive, Suite 100
Rocklin, CA 95756
(888) 512-1024

www.parallaxinc.com

with it? Me? Well, I'm thinking
about driving to my brother's
house in Ohio this summer so |
have this idea about creating a
"head up" speedometer reading
(reflecting large seven-segment
displays off the front windshield)
and, using a Quadravox QV306,
having the system tell me the
time, inside and outside tempera-
tures, estimated time to my next
waypoint ... and anything else |
can figure out. It should be fun. If
it works like | hope, I'll write about
it when | get back to "Big D."

Until next month, have fun
with GPS and Happy Stamping!
NV

~ eeAddr = (month - 1) * 4 + MonNames '
GOSUB Print_Z_String
DEBUG " 20", DECZ2 year
DEBUG MoveTo, 15, 13, DEC2 latDeg, DegSym,
DEBUG DEC2 (latSec / 10), ".", DEC1
DEBUG "N" + (latNS * 5)
DEBUG MoveTo,
DEBUG DEC2 (longSec / 10), ".", DEC1
DEBUG "E" + (longEW * 18)
DEBUG MoveTo, 14, 15, DEC altitude, " Feet"
DEBUG MoveTo, 14, 16, DEC (speed / 10), ".", DEC1
GOTO Main

Signal Not Valid:
DEBUG MoveTo, 14, 10, "2", ClrRt
DEBUG MoveTo, 14, 11, "2", CIlrRt
DEBUG MoveTo, 14, 13, "2", ClrRt
DEBUG MoveTo, 14, 14, "2", ClrRt
DEBUG MoveTo, 14, 15, "?", ClrRt
DEBUG MoveTo, 14, 16, ™2", ClrRt
GOTO Main

14, 14, DEC3 longDeg, DegSym, " ", DECZ longMin, MinSym, " "

get address of month name
! print it

" ", DEC2 latMin, MinSym, " "
(latSec // 10), SecSym, " "

(longSec // 10), SecSym, " "
" MPH "

(speed // 10),

‘ clear all fields

[ Subroutines ]

No GPS Data:
DEBUG CLS,
PAUSE 2500
GOTO Initialize

"Error: No

Parse GPS Data:
idx = 0 : fldWwidth = 2
GOSUB String To Value
tmHrs = workVal

idx = 2 : fldWidth = 2
GOSUB String To Value
tmMins = workVal

idx = 4 : fldWidth = 2
GOSUB String Te Value
tmSecs = workVal

ide = 9 : fldWidth = 2

GOSUB String To Value

GPS data detected"”

again
* UTC hours
! UTC minutes
* UTC

seconds

! latitude degrees
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Stamp Applications

ith month - 1

(month > 0) 1T Ad ime h
. ¢ lat e month 1 .
eehddr * {m = A
“AD eeAddr, day [
year + 99 // 10 ’
: fldWidth = 4 e
> Value
1 C 1 ** SOFE * s = (24 + UTCEix) 24 e alize hours
RN
= 21 : fldWidth = 3 .
GOSUB String To Value P AR ERAERAARERERE R EA R AR R E AR IR AR RN R RN
longDeg = workVal ! Convert stri y numeric value

first digit in data |
{1 to 5)
e of [l

= 24 : fldWidth = 2 & 3
UB String
LongMin

minut

» Value

h =4 - ongitude ctior minutes

11¢

ek $ ' x 0.06 --> tenths of = 0) OR (fldWidth > 5) String one
1ar - t f i
workVal + (char - "0") 2 ad 1ito value
fldWidth - 1 ¥ eld width

0)
rkVal

3
' e it
! nfirm
' set to 1 if Ut AR AR R
(tenths)
. ¢ Char - MRk kR
IF (char d
longEW = 1 . West
Mixed La: %
' convert "xx.x" to r er ar - "O")) ¢ 10 *

sed in knots (tenth:
f x 1.1507771555 for mp

next digit

I

iable-ler

e our | -
o jet tored P L 1 ¢}
: fldWidth = 2 i ne LI O, 're there
» Value
ror -1
I h ]
.
s .J)\;' st n Lommna g 135
' no, move to
'

N Move

Field Done

Y O—te
(month - 1)

ldr - startine

PoORRRRRARARAR AN RAAER

f AT nt 7 I B
" no, set t anuary !
! add one AT L one
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Xerox's Alto: The Time Machine

by Edward B. Driscoll, Jr.

| here's a scene near the

end of TNT's 1999
made-for-TV movie
“Pirates of Silicon

Valley” which portrays
Bill Gates (played by Anthony
Michael Hall) and Steve Jobs
(Noah Wylie) as the Austin Powers
and Dr. Evil of the computing world
— where Jobs realizes that Gates, in
the middle of developing software
compatible with Apples, also has a
soon-to-be-released graphical oper-
ating system called Windows,
designed to compete with the
Macintosh.

Jobs: What is this? This is like
doing business with ahhh-like a
praying mantis, huh? You get
seduced, and then ealen alive
afterwards?

Gales: Get real, will ya? You
and I are both like guys that had
this rich neighbor — Xerox — that
left the door open all the time.
And you go sneaking in lo steal
the TV sel. Only when you gel
there, you realize that | got there
first. |1 got the loot, Steve! And
you're yelling, "that's not fair! [
wanted to try and steal it
first!"t22

Like most movies, it's a com-
pressed and simplified version of
what really happened. But there's
no doubt that the subtext of the
scene is absolutely true: Whether
you're a Mac or a Windows user,
your computer owes a big debt to
the folks at Xerox's Palo Alto
Research Campus, more popularly
known as PARC.

Putting It All Together

The engineers at PARC didn't
invent all of its components
(though they did invent a lot of
them), but in the early 1970s, they
built the Alto, the first computer
that brought together everything
computer users today take for
granted: a stand-alone computer
(rather than a shared mainframe)
with a graphical user interface,
being viewed on a CRT, controlled
by both a mouse and a keyboard,
able to do what-you-see-is-what-you-
get (WSYWIG) word processing,
able to cut and paste text. And it
printed it to a laser printer, which
was connected via Ethernet.

Sound familiar? Sound exactly
like the computers we see today in
our homes and offices? How all this

came about — and the end result —
is a legendary story of Silicon
Valley. Chris Garcia, the Historical
Collections Coordinator of the
Computer History Museum (see the
July 2001 Nuts & Volts) says, "The
whole Xerox PARC thing is proba-
bly more important than any other
story in computing, from the
1970s."

Alan Kay, arguably the chief
visionary behind the Alto, called it
"the time machine," and indeed, it
did appear to be something from
the future. It marks the watershed
from which the old, pre-1970s para-
digm of computing, built around
big, shared mainframes, with diffi-
cult to use input devices, gave way
to personal computers (a term
invented by Kay). The one comput-
er for one person concept began at

Xerox PARC.

$7,000.00 for the
Memory Alone

Of course, nowadays, lots of
people have more than one PC.
Their prices have dropped to the
point where an under $500.00 PC is
more than powerful enough for mil-
lions of people, and allows millions
more to have multiple PCs in
homes and small businesses, con-
nected to each other via Ethernet.
But when the Alto was envisioned,
the memory for it alone cost
$7,000.00. The 1979 versions of
the Altos were equipped with up to
512 kilobytes of RAM — an aston-
ishingly tiny size when compared to
the hundreds of megabytes which
today's PCs routinely ship with
(keep that in mind, next time
there's a $39.95 for 256MB of RAM
sale at the local CompUSA). "We
were thought to be the most reck-
less and profligate people in the
world for having 512K bytes when
we went out the door," David Liddle,
one of the developers of the Alto
and its later commercial version,
the Xerox Star recently joked.

Garcia says, "They were sort of
trying to make the microcomputer,
as we know it today, using materials
from the '70s. It also used Diablo
disk packs — big old single disk
packs — that were probably, | think,
18 inches across."

Garcia says the Altos "were
really, really slow, and if you were
doing a drawing, or say, mapping a
trajectory (there was a game on
there, where you tried to shoot a lit-
tle target along the way, and you
could do some really complex stuff

The Star and

with it), one of the ways you would
make it speed up was turn off your
monitors."”

Err, doesn't that sort of defeat
the purpose of a computer game,
you have to turn the monitor off?
"Well, you didn't have to, it just sped
it up by about five minutes!" Garcia
says.

The Birth of WSYWIG

Of course, the Alto was never
designed to compete with the first
video games that Nolan Bushnell
and Atari were building up the road
in Sunnyvale. Much of the Alto's
revolutionary hardware and soft-
ware was built around word pro-
cessing. Michael Hiltzik, the author
of Dealers of Lightning: Xerox
PARC and the Dawn of the
Computer Age (Harperbusiness,
2000. ISBN: 0887309895), an
invaluable and in-depth lock at the
history of PARC says, "Word pro-
cessing was the most important
thing, because it was something
that these guys understood well, as
a program that had a great deal of
utility." Even the monitors on the
Alto and the Star were designed,
portrait style, to represent an 8 x

e

f
il
\

.;,|I.|||._||||||||| ﬂ
|
|

ito
11-1/2 piece of paper standing up.

The PARC engineers would
show their Altos to friends who
would frequently respond by say-
ing, "Hey, I've got a paper due. Can
I write it on your Alto?" The engi-
neers at PARC would sneak their
friends in, in the middle of the night
to write papers on their Altos, who
would then marvel at how profes-
sional their papers would look as
they were ejected from a laser print-
er connected via Ethernet.

Hiltzek says, "the engineers at
PARC could see their friends going
nuts about this, and they knew that
this was going to be a major thing.
And you had people like Chuck
Geschke and John Warnock, who
were graphics experts, who began
to develop fonts, and solve the
problem of sizing fonts on the
screen, and creating them in a way
to get the what-you-see-is-what-you-
get effect, and they went off and
founded Adobe on that principle."

Another Xerox PARC engineer,
Charles Simonyi wrote Bravo, the
original word processing program
for the Alto. Eventually, Hiltzik says,
Simonyi "got hired as like employee
number 40 at Microsoft, and
brought Bravo with him. And he
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then converted Bravo to what is
today Microsoft Word. And | believe
that it's said that there's still code in
the source code to Word that you
can trace back to Bravo."

The Time Machine
Gets Run Over

If their technology was so
good, why did Xerox get run over
by Apple and Microsoft? In a nut-
shell, economics.

Xerox released the Star — the
commercial version of the Alto — in

April 1981. It was targeted at
Fortune 500-type corporations,
using the same marketing models
by which they successfully sold
their copiers for many years.
Unfortunately, Xerox set the price
for the Star at $16,000.00 a pop,
and aimed it at executives.

Hiltzik says "They put 30,000 of
these units out into the market-
place, and | talked to people whose
secretaries had them, and who
loved them — they never wanted to
give them up. And it was a radical
departure from anything anybody

had ever seen."

So what was the problem they
ran into? Four months after the Star
was released, in August of 1981,
the IBM PC was launched.
"Compared to Star, it was a flint age
device," Hiltzik says. There were no
graphics, very little power, no con-
nectability to other machines,
much less a laser printer, but they
were selling for $2,000.00 to
$5,000.00 each, making them
much, much cheaper than the Star.
"With the IBM PC," Hiltzik says, "not
only could you equip a secretary

with a $3,000.00 or $4,000.00
piece of equipment, you could give
it to her boss, too."

And, of course, prior to that,
Steve Jobs of Apple toured PARC,
along with several of his engineers.
And several of Xerox's PARC
employees, soon began taking jobs
with Apple and Microsoft, and tak-
ing their engineering alchemy with
them.

And the rest is history. The rich
neighbor had been broken into, and
the young pirates of Silicon Valley
were off and running. NV
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#4158 MHz and 433MHz versions

% «Range up to 5001t (0.25mW ver.)
*(1.25mW & 10mW versions

e Reset switch and status LED's
“#7.5-15V dc via DBY conncctor, 20mA

BIM-4xx-R5232 .... $139.30

TECHNOLOGIES

AM RECEIVER
38.1 % 13.7mm

s On-hoard data recovery, CMOS

o Low current. 2. 4mA Lypical

*2kHz data rate. CMOS/TTL output

*On 418MHz or 433.92MHz (4xx)
*No adjustable components

®Patented Laser Trimmed component

-105dBm
age  ®Available also in 0.8mA version

........... $10.95

Free Catalog

Modules

» yr1En) STy

FM TRANSCEIVER
sOnly 23 x 33 x | Imm

eUp to 40k bps data rate

* 19200 baud with ASCII

s Up to 500ft. range

&5y operation

+0.25mW into 50

«418 or 433MHz FM

eFast Ims enable

eDircct interface 0 53V CMOS
s Auto TX/RX changeover

BIM-4xxX-F ....c.ccue.. $87.36

RS232 TRANSCEIVER MODULES

«Up to 19,200 bps half duplex
*3 wire RS232 interface

sparent data packetizing

Supports § or 9 bit protocols
elf test function

*Reset Switch & Staus LED's

& 1/4 wave wire antenna on board

s Available in a Simplex Tx/Rx
pair.(RTeomTX & RTcomRx)

*7.5V-15Vdc operation
RTeom-4xx.. $247.90
RTeomTx-dxx. 87.15
RTeomRx-4xx. $105.52

70 % 65 % [3mm

Transceiver..
smmitter.
Receiver.....

Tel: (416)236-3858

Fax: (416)236-8866
www.abacom-tech.com
abacomtech@compuserve.com

NEW! CREDIT CARD COMPUTER Il

MVS PLUG-N-GO™ no cables/power supply to buy!
Low-power RISC cpu 10x faster than PIC. Z80. 8051
4m FLASH,ser,par,RTCC 4ch 12bit ADC,ISA104 bus
Built-in BASIC/Assembly, other compilers available
Friendly instructions, RS232 download (DOS/WIN)

| Eval kit (1) 875, oem (1k) $21, CC computer [ $14.20

PROGRA

Lowest cost, fastest, casiest
to Do FLASHNVRAM,
EE.EPROM 1o $m, Adapters
for micros.plec.ete. Optional
for up to 10 1Cx.
available

aemi k)

for notehooks. UV eraser 898

R8232 terminal for Stamp, PC, Z80, AVR etc.
ssuper law current, pawers from serial line
<LED backlit LCD, visible in all conditions
~115.2khyps, DBY conn, simple commands
-specify 20 customizable or 16 tactile keys
eval(1) §75,0emi 1k) $21.30, /BASIC cpu 527

$95 UNIVERSEAL SINGLE CHIP COMPUTER

ZERO external components!
Built-in BASIC
RS232 program de
1K flash, 6bee, 3irg,
15 /o hits, AT, 2

20mips. faster than P1C/Z80
eval kil ):

$1.99 $7.00

SERIAI_. MINI-TERMINAL $27 MINI PC

NEW! 8K
SUPER CHIP

40x the BASIC pgm space
31 e,

Assembly

12ec. 512nvram
watchdog w/internal timer
40 pin DIF part ¥MVESIS

eval(1) S25, oemi 1K) $7.10

Includes DOS, ADC, 2par, dser,

ISA bus.keypad/LCD lnllrflu

Ii
Use TurboC,BASIC,MASM ete.
eval kit (1) S95, oem (1k) 527
386 version cval $195, oem S53
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STAMP DRIVE

Read/Write PC
disk, POMCIA, Compact Flash.
RS232 to ATA adapter for Stamp,
Z.80.8051
- 4 gigabyte capacity

- low power (Sma @'5v)

- baud 115.2k and above
eval 595, 0em SZ7.1DE ver.

WWW.STAR.NETIP-EOPLEF-MVS

MVS Box 803 Syr Limited Warranty
Nash.,NH 03060 M VS Free Shipping
(508) 792 9507 L= Mon-Fri 10-6 EST

compatible hard

SAVRIPIC x86. ANY cpu

514.20

E EMBEDDED
CE 19791

SERVING T

COMMUNITY
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Questions & Answers

TECH FORUM

QUESTIONS

How can | measure the volt-
age and frequency of the dis-
charge from a Tesla coil? It uti-
lizes solid-state components
and a flyback transformer. |
assume the voltage to be sever-
al thousand volts and the fre-
quency to be about 60 KHz.

| have access to an o-scope,
frequency counter, and an assort-

ment of multimeters.
3021 Victor Maciejewski
Rochester, NY

| help out my local school sys-
tem from time to time and recent-
ly installed an independent PA
systern in the gymnasium. | would
like to tie this system into the

This is a READER TO READER
Column. All  questions AND
answers will be provided by Nuts
& Volts readers and are intended
to promote the exchange of ideas
and provide assistance for solving
problems of a technical nature. All
questions submitted are subject to
editing and will be published on a
space available basis if deemed
suitable to the publisher. All
answers are submitted by readers
and NO GUARANTEES WHAT-
SOEVER are made by the publish-
er. The implementation of any
answer printed in this column may
require varying degrees of techni-
cal 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

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

o Payment of $25.00 will be sent
if your answer is printed. Be sure
to include your mailing address if
responding by email or we can
not send payment.

e 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.

o The question number and a short

summary of the original question
will be printed above the answer.

e Unanswered questions from a
past issue may still be responded
to.

e 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.

o Selected questions will be print-
ed one time on a space available
basis.

o Questions may be subject to
editing,

Helpful Hints

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

o 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.

school-wide PA system so that
when there is a school-wide
announcement, it could use the
speaker system that is in place in
the gym.

The Gym teacher uses the
gym PA system to play music dur-
ing class and it would be really
nice to have the gym speaker sys-
tem switch to the school-wide PA

during those school-wide

announcements.

3022 Rick Simard
Freeport, ME

I've admired radio clocks for a
while. | plan to make a PIC clock
next. Is there a chip | can inte-
grate in for self-setting time?
3023 Matt Maberino

via Internet

Does someone have a good
schematic and parts list of a PC-
based stepper motor controller
that a beginner could build for a
three-axis controller? Or where
can | find a kit?
3024 Les

les@antigopro.net

I have a 5.7" LCD display
made by AND and | need the pin
out assignment. The part number
is CS057Q-010.

It has a 15-pin male connec-
tor on one side of the display
board and two wires — pink and
white — wired to a three-pin
female connector on the other
side of the display board.

The three-pin female connec-
tor connects to a three-pin male
connector on a much smaller sec-
ond board which also has a four-
pin connector.

| have contacted the manu-
facturer, Purdy Electronics via
email at Purdyelectronics.com.
They have advised that module is
no longer produced and that they
cannot help. | would appreciate
anyone that might have the pin
out information or data sheets.
3025 David Kamulski

Oxford, Ml

I am currently in my second
year of GCSE electronics and as a

main project have decided to
make an airband radio.
Unfortunately, | am having a seri-
ous problem finding a circuit suit-
able for this purpose and would
appreciate any help.
3026 Paul
via Internet

How does a DC clamp meter
work? Is it based upon Hall-Effect
transistors?

Can someone provide a low-
cost circuit for a 10-60 amp DC
clamp meter using a digital panel
meter?
3027 Qui Nguyen
via Internet

| want to drive an LCD display
from a computer with a VGA out-
put using a VGA/NTSC converter.
The display has a NTSC input and
a resolution of 1152H x 234V.
Would this work for displaying
text and graphics? The VGA is
640 x 480 and | wonder if this
would work with the resolution of
the display.
3028 David Kamulski

Oxford, Ml

The clock in my 1989
Mercury has a problem. The dig-
its light and it keeps time, but the
set functions don’t work. | tried
cleaning the contacts and this
was no help. Also, the resistor
seems to be running hot.
Appreciate any tips on getting
this thing to work?
3029 Art Millin
via Internet

ANSWERS

[10213 - JAN. 2002]

I've been trying to rig up a
simple time delay circuit so the
power on/off button on my PC
has to be held for several sec-
onds to operate.

From what | can tell, the
ATX motherboard has a pin that
is ground and a pin that is
about 3.4 volts connected to the
on/off switch. I've tried to come
up with a simple resistor-capac-
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itor circuit to accomplish the
time delay, but so far my efforts
have failed.

My computer, monitor, print-

: [11011] - NOV. 2001]

I am looking for schematics
or designs for an IR repealer.
I've found a few designs on the
Internet, but the emitler and
transmitter need to be hard
wired together. A wireless
design would be ideal.

#1 A remote control extender,
which does not have these draw-
backs was described in the Radio
Electronics 1991 Electronic
Experimenters Handbook. It
used only commonly available
parts (LM339, LM741 etc.) and a
PC board was available through
Fen-Tek, P.O. Box 5012, Babylon,
NY 11707-0012.

Walter ). Heissenberger
Hancock, NH

| #2 A simple "wired" IR repeater
| circuit can be built with an inex-
| pensive IR receiver module such
| as RadioShack part #276-0137, a
| 555 timer, an IR LED attached to
a short two-wire cable, and sever-
al "glue" components.
The basic idea behind such a
| repeater circuit is that the IR
module receives the IR signal
from the remote, which is riding
| on a 40KHz carrier. The IR mod-
ule removes the carrier and sends
the signal to the 555, which is set
up as a 40KHz oscillator. The out-
put from the 555 is then fed to
the base of a transistor which is
used to drive the IR LED attached
to the end of the cable.
Assuming you have access to
the Internet, a repeater circuit
which makes use of these parts is
shown at www.nysaes.cornell
.edu/cc/staff/pool/electron
ics/irrepeat.html. (Just scroll
down about half-way on the page

er, and scanner are plugged into a
power strip which has an on-off
switch that is out of the way, so if
| had your problem, | would dis-
connect the CPU power switch.

However, if you want to make a
time delay circuit, this one will do
it.

C1 keeps the base current
flowing to the transistor while it is

turning off the power source (the
3.4-volt pin).

The capacitors are Tantalum
for low leakage.

The 900 numbers are

to see the dlagram)

If you need more distance,
you might want to look into the IR
repeater sold by RadioShack, cat-
alog #15-1959. This device uses
RF rather than a cable to send
the signal to the remote IR emit-
ter. At around $50.00, it's more
expensive than the do-it-yourself
approach, but it might be worth it
if the extended range (up to 100')
is an issue.

Mark Winters
Orem, UT

#3 There are a wealth of cir-
cuits and consumer products for
improving the range of IR. The
best solution depends on the
range required, the number of
devices that need to be con-
trolled, the environment, and the
application.

Short range solutions aim to
improve reliability within a single
room.

Your best options include
moving equipment away from
direct sunlight (always a good
idea with electronic equipment,
anyway) and increasing the
power of the transmitter with a
booster.

Medium range solutions start
with the IR repeater in your ques-
tion and include several room-to-
room ready-built products offered
by Home Automation Systems
(HAS) and MCM. The two
designs listed below under
"Repeaters" are very very close to
the build-it-yourself design you
wanted.

For long range and whole-
house needs, MCM and HAS
carry an overwhelming number
of solutions. One family of prod-

ucts converts IR to simple electri-
cal signals carried over regular
zip cord to home theater equip-
ment and IR emitters in an adjoin-
ing room. Other products convert
the IR signal to RF which is trans-
mitted through the air (or over
the TV coax system) to receivers
anywhere in the home.

Finally, HAS carries products
that convert IR to X-10 signals
which travel throughout the
home on the AC power lines.

Check both websites for over
two dozen transmitter and receiv-
er products. Some very sophisti-
cated arrangements are
described.

The articles referenced under
"Theory" are listed in case you
want to experiment with IR and
roll-your-own design. Digi-Key
(1-800-344-4539, www.digi-
key.com), JAMECO (1-800-
831-4242, www.jameco.com),
MCM (see below), and Mouser
Electronics (1-800-346-6873,
WWW.mouser.com) carry a wide
selection of IR modules, PICs,
BASIC Stamps, and general elec-
tronic needs.

MCM Electronics
650 Congress Park Dr.
Centerville, OH 45459-4072
Tel:1-800-543-4330
Fax:1-800-765-6960
www.mcmelectronics.com
50-6485 - IR Repeater (wired)
2-6680 - IR-to-RF Repeater/Extender
21XX - Family of IR-to-RF Modules

Home Automation Systems, Inc.
17171 Daimler St.
Irvine, CA 92614-5508
Tel: 1-800-762-7846 (orders)
1-949-221-9200 (Customer
Service & Tech Support)

Fax: 1-800-242-7329

www:smarthome.com |
8220A & B8210RCA IR-to-RF |
room-to-room repeater/extender |
81XX Family of products relays |
IR signals by RF, wires, coax, or |
X10.

"QEA" Column, (TJ Byers),
Nuts & Volts, Mar. '99, Page 81.
An IR Tx/Rx repeater pair.

"Build a Remote Control |
Relay Station," (John Yacono), |
Popular Electronics, May '94,
Page 69. This is precisely what
the reader wanted. It's based on a
555 and $5.00 worth of parts.

|
|
REPEATERS :
|
|

THEORY

"Control from the Couch,"
(Jon Williams), Nuts & Volts,
Aug. '01, Page 20 (An excellent
look at IR projects using a BASIC
Stamp.)

"Build an IR Remote Control
Toggle Switch," (Fred
Blechman), Nuts & Volts, Sept.
'00, Page 32. (IR Remote
ON/OFF Switch based on an IR
module and three transistors! No
555, no uP — Does anyone
remember transistors?)

"IR Remote Decoder," (Terry
J. Weeder), Nuts & Volts, Feb.
'98, Page 38. An excellent IR tuto-
rial, as well as the design for a
PIC-based Rx.

Bob Miller
Trenton, NJ

—AUTOTIME CORPORATION-

§79.00

+ Parts

LCD Flat Screen Repairs
Displays and Laptops

www.recycleLCD.com

Autotime Corporation
6605 SW Macadam, Portland, OR 97201

For Details

(503) 452-8577

THEFT & TAMPERING &
UNAUTHORIZED REMOVAL
can be controlled!

Equip your mobile 2-way radios with
the ET-850 Locking Slide Mount. A

standard mounting platform, simple
and effective. Stop blind fumbling to
release hidden fasteners. Easily
transfer radios from vehicle to vehi-
cle but prevent unauthorized trans-
fers. With a black powder coat finish,
it is at home in a luxury car or a
delivery truck. Use in the office, too.

E TIP, Inc.
Addison, IL 60101 USA
(800) 530-5064 FAX (630) 530-5019
www.etipinc.com | sales @etipinc.com
(E TIP is a small, Veteran Owned Business)

Fits most mobile 2 ways on
the market today.

(Ask about our new Double Stack

Slide Locking Mount and our

maximum security Radio Cages

I\I)
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RadioShack.com part numbers.

1N270
900-6212
270K
al e MPS6521
iR 900-5408
Py s P
47
1OMFT MEG]

Russell Kincaid
Milford, NH

[1025 - JAN. 2002]

| am trying to record a
movie from DVD to VHS tape.
But, when | press record, the
brightness cycles from very
bright to very dark. | tried using
the s-video jack and the regular
video jack with the same
results.

Why does this happen and
what | can do about it?

You are seeing the effects of
Macrovision DVD copy protec-
tion, also known as the Analog
Protection System (APS).

It is currently used on the
majority of DVD-Video discs to
degrade unauthorized copies
made on VCRs. DVDs have acti-
vation bits that instruct the DVD
player to add analog copy protec-
tion to the output video, so it is
present regardless of which video
output you connect the VCR to.

The changes in brightness are
caused by the addition of pulses
to the video that occur during the
vertical blanking interval, which is
the period of time when the elec-
tron gun in a TV resets itself from
the bottorn right of the screen to
the top left. These pulses should
not affect the image displayed on
the TV, but do totally confuse a

[120110 - DEC. 2001]

| would like to put a sensor at
each of my 20 air conditioning units
and wire them back to a panel in
the shop, so | can just look and see
if they are running by what temper-
ature the air is.

I would like a small digital dis-
play with a wire going to the sensor
(longest run would be about 900
ft.).

#1 Chris Salter did not specify
what air conditioning (AC) para-
meter he wants to monitor.
Assuming that he is interested in
air cooling (not dehumidification
with reheat) and does not want to
alter the wiring of each AC unit,
he might try using a pair of cur-
rent mode temperature sensors
for each of his AC units. These
are off-the-shelf devices made by
Maxim, National Semiconductor,
and others, available for $2.00 or
less each.

Set up one sensor in the out-
put air stream of each AC unit,
the other in its input air stream.
These can be wired to a monitor-
ing panel using a common sup-
ply (+) conductor and two sepa-

rate returns, a total of three con-

| ductors per AC unit.

Use of current mode devices

|eliminates the effects of modest

power supply fluctuations and

connecting wiring voltage drop.
Observe the voltage and

power limits and appropriate

VCR's automatic gain control cir-
cuitry.

Another part of the scheme
changes the colorburst informa-
tion to cause lines across the pic-
ture when played back on a VCR.
For more information see
www.macrovision.com/.

| am not sure under what cir-
cumstances, if any, it is legal to
eliminate Macrovision protection
that might be causing problems.

wiring materials and methods as
detailed in article 725, etc., of the
National Electrical Code (NEC).
The 2002 NEC has been pub-
lished, but most jurisdictions are
still using the 1999 edition.

At the monitoring panel, use
the outputs of each sensor pair
as inputs to a comparator, again
cheap generic ICs, which can be
set up to indicate a temperature
difference of less than one which
reflects normal operation. This
approach confirms that both the
cooling and air handling func-
tions are working. Individual LED
indicators and/or a wired OR to a
single LED would allow for easy
monitoring. If (an) audible
alarm(s) is/are required (a) 555,
or some other timer, could be
added to minimize nuisance
alarms.

D. Cameron Smith

via Internet

#2 The LM335A
temperature sensor
outputs 10mV per
degree C and is lin-
ear with tempera-
ture, so all that is
needed is transla-
tion to the digital
meter input. The
translation provides

READS IN DEGREES F.

LM33SAZ-ND
ONE OF 20 SENSORS

ImV per degree Fto  goron

the meter so it reads ~ CAUBRATIONPOT.
the temperature

directly.

SET BIAS VOLTAGE T0 -1.3VOLTS
‘OR SO METER READS CORRECTLY

FOR DEGREES C, R =818k
BIAS VOLTAGE = 0.306

Without calibration, the tem-
perature error can be +2 degrees
C, but when calibrated, you can-
not expect better than +1 degree
E

| could not find a 20-position
rotary switch, so | used two 11-
position switches with position
11 open. | considered using five
quad analog switches with three
dual and four-bit shift registers to
sequentially switch them, but
that was too complicated and
would introduce an additional
error due to the switch resis-
tance.

Parts are available from Digi-
Key (www.digikey.com) and
RadioShack (www.radioshack
.com). The part numbers ending
in -ND are from Digi-Key, those |
starting with 900 or 2xx are from
RadioShack.

Russell Kincaid
Milford, NH

+5or @V

DIGITAL PANEL
METER 3 1/2 DIGITS
CALE

mV FULL
2710303

W —ANA— AN ‘
K

From a technical point of
view, there are two main
approaches to this problem.
Some DVD players have the abili-
ty to turn Macrovision off, see
www.area450.com/ and
www.dvdcity.com/ for some
examples.

The other approach is to pur-
chase or build a video stabilizer
that restores the integrity of the
video signal, such as those sold

by www.bgsales.com/.
There are lots of schematics
for do-it-yourself video stabilizers
on the web, like www.electronic-
projects.net/projects/video_st
ab/index.shtml.
Henry Berg
Menlo Park, CA

12011 - DEC. 2001
| have several clocks that set
themselves from NIST atomic clock

BATTERIES FOR EVERY
ELECTRONIC APPLICATION

Authorized Sanyo Battery Distributor
See us at batterystore.com
21 years of Battery experience
TNR Technical, Inc.

Sanford, FL » 800-346-0601
Santa Ana, CA » 800-490-8418

Real-world connectors!

Tired of those .1 inch headers?
Try our products with easy to use
screw terminal block connectors.

Power supply, cable, and software
included with most products - no

www.industrologic.com

TC51 SBC $129

Atmel 89C4051, serial
EEPROM, two 12 bit
AJ/D, four digital I/O,

high current relays,

plus Tiny Machine Basic
with LCD support - a
complete control system

hidden charges for “accessories”! for the price of an SBC.
Stop by our web site to see our
entire line of products, including T51 SBC $49
the complete reference manuals. Atmel 89C2051, :
9 digital /O, |
SBC-1  $199 Tiny Machine =5 24
't Basic, serial
EEPROM, AID, £ EEPROM, plus
RAM, RTC, T51 family
50 digital I/O, plug-in boards. i ‘
industrial /O g t
connectors. - =
2 RS51-SPR 549
IndusTroLogic oy o
3201 Highgate St. Charles, MO 63301 USA and chainable
(636) 723-4000  (800) 435-1975 high current
RS-232 relay.

Circle #40 on the Reader Service Card.

Circle #41 on the Reader Service Card.
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radio signal. The signal is so weak
where | live that only the one in the
attic can get this signal.

Is there a repeater that can
retransmit the signal to the rest of
the house? Or, is there possibly a
transmitter | can connect to a PC,
because it can get the correct time
from the Internet.

| have no direct familiarity
with these clocks, but can offer
the following about how they
work.

First, it must be determined if
the clocks in question are receiv-
ing the WWV/WWVH (5, 10, 15
MHz) or the WWVB signal (60
KHz). The time information is
encoded in these signals as a
"time code." One bit of this code
is sent each second. For the
WWV/WWVH signals, a 100 Hz
sub-audible carrier is used. For
the WWVB signal, a 10 dB
change in carrier is used.

If the clock is receiving the
WWVB signal, most likely the
receiver is using a ferrite rod
antenna. It may be necessary to
reposition the clocks having
problems. Consider the proximi-
ty of the house wiring to the
clocks. After all, 60 KHz is a har-
monic of 60 Hz. And Romex
cable and the old knob and tube
wiring in old houses make won-
derful 60-Hz transmitting anten-
nas. It may be possible that the
clock receiver is being '"de-
sensed" by power circuits in the
house. A non-elegant solution
would be a receive antenna in
the attic feeding a 1 to 3 dB gain

RF amp. This amp should not be
broadband. Place a small coil
antenna behind each affected
clock. Make sure the receive
antenna is no where near any of
these coil antennas, otherwise a
very nice feedback loop will
occur and no telling where the
intermod frequencies will appear.

As for using the PC ... you will
need to build a transmitter on the
proper frequency and modulate
it in the proper format. Sorry,
more trouble than it's worth.
There are FCC Part 15 considera-
tions and interference from the
WWV/WWVH/WWVB  signals.
But consider this ... a 120 VAC
wall clock accuracy is based on
the 60 Hz line frequency which
must average 60 Hz over any 24
hour period. If this didn't occur,
the power grids could never be
interconnected. Okay, so it's a
pain to reset all of these clocks
after a power failure.

For more information about
the timecode encoding on the
WWV/WWVH and WWVB sig-
nals, check out www.boulder
.nist.gov/timefreq.

Information  about CHU
(Canada) is a little more compli-
cated to find. Start your search
at www.cisti.nrc.ca or look for
possible links at www.tycho
.usno.navy.mil.

Finally, a trivia question ...
which government organization is
the "Master Time Keeper" for the
United States? A hint ... it's not
NIST.

Douglas Hall
Windsor, NJ

SolderingDesoldering.Com

Your SND Rewark Specialist
800-394-1984

[1028 - JAN. 2002]

I'm looking to design and
construct a small amber flash-
ing light for nighttime bicycle
riding, which can be worn on
the waist band or other visible
areas.

#1 A simple battery-operated
flasher can be constructed using
a CMOS 555 timer chip, N chan-
nel MOSFET, and a few compo-

555  timer is
derived through the
1N4004 diode,
which charges up
the 100uFd storage
capacitor to about

gV

Sl

the output of the timer chip (pin
3) goes high, the MOSFET is
turned on, shorting out the tim-
ing circuit and lighting the LED.

When the 555 output goes
low, the transistor turns off and
current through the LED is very
small, effectively extinguishing it.

Using the 220K and 2.2uFd
timing components shown, the
flash rate is a very effective 100
flashes per minute.

IRF510
,4-T—l [+]
" 48 . s
- l_ 2 cmos s
100 uﬂ Ben 220K G

nents as shown in the schematic. Anthony J. Caristi |
It can be operated by a common Woaldwick, NJ
nine-volt battery, or 6 o
any similar power v PORTABLE LED FLASHER
source. ) u L

\ Power for the X7 1h4oud

oS

’]2‘? UFD

eight volts. When

#2 | built this circuit to check it
out. It blinks about once per sec-
ond and draws less than one mil-
liamp from the nine-volt battery.
It should last over

The 900 numbers are
RadioShack.com part numbers.

Russell Kincaid

Milford, NH

500 hours.
| checked it out
‘ at night with one
| LED, it was not real-
ly noticeable
beyond 200 feet, so
| added three more.
You could have a

2NBO28

total of eight LEDs
| without overloading

| the 2N2222.

#3 The easiest way to accom-
plish this is through the use of a
blinking LED in the base circuit
of a switching transistor. A resis-

! tor is required from base to emit-
|ter to turn the transistor com-
| pletely off at low LED current. A
| resistor in the collector circuit is
| required to limit the amber LED

or LED array's current. The value
of this resistor will depend upon
the forward voltage, battery volt-
age, and desired current. High
brightness/efficiency types will
keep the battery current low and

the weight down.
Walter Heissenberger
Hancock, NH

Lynxmotion, When you're tired of playing with toys!

Lynxmotion, Inc.

PO Box 818
IL 61555-0818
lynxmotion.com
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UPGRADING
VIDEO SURVEILLANCE
AT YOUR COMPANY?

www.cctvpros.com

(800) 486-2288

Discount Prices on Major Brand CCTV Products
20 years of friendly, knowledgeable service!

info@cctvpros.com




Events Calendar

The Events Calendar is a free
service for publicizing electronic
events such as amateur radio
hamfests, flea markets, etc. If
your organization is sponsoring
an event and would like a free
listing, contact us at |east 60
days in advance. Include your
flyer, estimated attendance,
name of the person to contact,
and phone number.

While we strive for accuracy in
our calendar, we can not be
responsible for errors or can-
cellations. The information con-
tained in this column is for the
use of the readers of Nuts &
Volts and may not be repub-
lished in any form without the
written permission of T & L
Publications, Inc.

All listing information should be
sent to:

Nuts & Volts Magazine
Events Calendar

430 Princeland Court
Corona, CA 92879
Phone 909-371-8497
Fax 909-371-3052
E-mail
events@nutsvolts.com

ARCH

MARCH
2002

MARCH 2

AR - RUSSELLVILLE - Hamfest.

Arkansas River Valley AR
Foundation, John Evans
WB5BHS, 501-967-6001.
Email: jevans@cswnet.com
Web: www.cswnet.com/~arvarf
/hamfest.htm

CA - REDDING - Hamfest.
Shasta Cascade ARS, Jim
Bremer KE60OUA, 530-222-8001.
Email: keboua@arrl.net

FL - NEW PORT RICHEY -
Hamfest. Gulf Coast ARC, Rick
Brown AG4JN, 727-934-8741.
Email: agdjn@arrl.net

Web: www.gulfcoastarc.org/
KY - CAVE CITY - Hamfest.
Cave City Convention Center, |-

COMPUTER SHOWS

AGI Shows, 317-299-8827
E-Mail: info@agishows.com
http://www.agishows.com

Blue Star Productions
612-788-1901
www.supercomputersale.com

Computers And You
734-283-1754
www.a l-supercomputersales.com

Computer Central Shows
630-782-4625

Fax 630-834-2594

E-Mail: cc@gats.com
www.computercentralshows.com

Computer Country Expo
847-662-0811
Web: www.ccxpo.com

Five Star Productions
810-379-3333

E-Mail: jeff@fivestar
www.fivestarshows.com

Gibraltar Trade Center, Inc.
734-287-2000 Taylor, MI

E-Mail: taylor@gibraltartrade.com
www.gibraltartrade.com

Gibraltar Trade Center, Inc.
810-465-6440 Mt, Clemens, MI.
E-Mail:
mtclemens@gibraltartrade.com
www.gibraltartrade.com

KGP Productions
1-800-631-0062, 732-297-2526
E-Mail: kgp@mail.com

MarketPro, Inc., 201-825-2229
www.marketpro.com

MarketPro, Inc., 301-984-0880
E-Mail: md@marketpro.com
http://marketpro.com

ComputerShow
770-663-0983

E-Mail: narisaam@aol.com
Web: www.shownsale.com

Northern Computer Shows
978-744-8440

E-Mail: inquiries@ncshows.com
Web: ncshows.com

Peter Trapp Computer Shows
603-272-5008
Web: www.petertrapp.com

65, Exit 53. 7:30am-2pm. VE
testing. Talkin: 146.94/34.
Mammoth Cave ARC, Jim
Erskine KD4GNN,

Email: mail@chirotoons.com
NJ - PARSIPPANY - Hamfest.
PAL Bldg., 33 Baldwin Rd.
Splitrock ARA, Maria Turner
KB2VKP, 888-511-SARA.
Email: hamfest@splitrockara.org
Web: www.splitrockara.org

OK - ELK CITY - Hamfest. West
OK ARC, Earl Bottom N5SNEB,
580-821-0633.

Email: nSneb@Ilogixonline.net
TN - KNOXVILLE - Hamfest.
Kerbela Temple, 315 Mimosa
Ave. 8am-4pm. Talkin:
144.83/145.43 or 146.52 sim-
plex. Shriners of Kerbela ARS,
Paul Baird K3PB, 865-986-9562

MARCH 3

PA - GREENSBURG - Hamfest.
Foothills ARC, Tim Bartlow
K3TB, 724-834-6517.

Email: k3tb@yahoo.com Web:
www.geocities.com/foothills007
VA - ANNANDALE - Hamfest.
Northern VA Community College,
8333 Little River Turnpike (Rt.
236). VE testing 9am. Talkin:
146.31/91 & 146.685-. Vienna
Wireless Society, Jim Parsons
W4JTP, 703-392-0150.

Email: wédjtp@aol.com

Web: http://winterfest.home.att
.net

WI - WAUKESHA - Hamfest.
SEWFARS, Gary Pierce N9LGE,
Email: sewfars@hotmail.com
Web: www.sewfars.com

MARCH ¢

AR - HARRISON - Hamfest.
Boone County Fairgrounds, Hwy.
65B. VE testing. 8am-2pm. North
AR ARS, Bill Rose N5VKEF, 870-
741-7074. Email: billrose@cox-
internet.com

Web: www.gsl.net/naars/hamfest
/index.html

AZ - SCOTTSDALE - Hamfest.
Scottsdale ARC, Ed Nickerson
Wa7s, 480-949-5162.

Email: bnickers@qwest.net

FL - PORT CHARLOTTE -
Hamfest. EARS & PRRA, Larry
Brown KD4KVE, 941-625-0830.
Email: kd4kve@aol.com

NC - CHARLOTTE - Hamfest.
Charlotte County Fairgrounds.
Tam-5pm. Talkin: 147.255+,
PRRA & EARS, Vic Emmelkamp,
941-473-5560. Web: www.fcrosby
.com/hamfest/index.html

ND - WEST FARGO - Hamfest.
Red River Valley Fairgrounds.
8am-3pm. VE testing.

Web: www.rra.org

WA - PUYALLUP - Hamfest.
Mike and Key ARC, Michael
Dinkelman N7WA, 425-867-4797
days or 253-631-3756 eves.
Email: mwdink@eskimo.com
Web: www.mikeandkey.com

MARCH 9%9-10

LA - RAYNE - Hamfest. Rayne
Civic Center, 300 Frog Festival
Dr. VE testing. Talkin: 146.820-
600, 147.030+ 600 PL. LCARC,
Web: www.wbddl.org

NC - CHARLOTTE - Hamfest.
Mecklenburg ARS, Tom Hunt
KA3VVJ, 704-948-7373.

Email: hamfest@w4bfb.org
Web: www.w4bfb.org

MARCH 10

CANADA - BC - NEW WEST-
MINSTER - AR & Electronics
Flea Market. Burnaby & New
Westminster ARC, Bob Kungl
VE7KW, 604-524-9177.

Email: VE7TKW@rac.ca

MA - AMHERST - Hamfest.
Ambherst/Pelham Regional Middle
School, 170 Chestnut St. Exams.
Talkin: 146.940- & 145.130+ 71.9
PL. Mount Tom Amateur
Repeater Assn., Bob Meneguzzo
K1YO, 877-481-8131.

Email: klyo@arrl.net Web: www.
mtara.org/hamfest/flea.html

MARCH 15-16

OK - CLAREMORE - Hamfest.
Green Country Hamfest
Committee, David Jackson
KE4OPA, 918-622-2277. Email:
info@greencountryhamfest.org
Web: www.greencountryhamfest.org

MARCH 16

CT - POMFRET - Hamfest.
Eastern CT ARA, Paul Rollinson
KEI1LI, 860-928-2456.
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Email: kelli@arrl.net

FL - FT. WALTON BEACH -
Hamfest. Playground ARC, Louis
Carter KF4HRM, 850-243-4315
or 815-461-0859.

Email: parcfest@w4zbb.org
Web: www.w4dzbb.org

FL - STUART - Hamfest. Martin
County ARA, David Millard
KE4AMW, 561-288-7100.
Email: millard@onearrow.net

Web: www.gsl.net/martin

MI - MARSHALL - Hamfest.
Southern Ml ARS & Marshall HS
Industrial Arts Club, John
Malinowski N8BGM, 616-781-
4540. Email: nBbgm@aol.com
NJ - CLINTON - Hamfest. North
Hunterdon Regional High School,
Rt. 31. VE testing. Talkin:
147.375. Cherryville Repeater
Assocation I, 908-788-4080.

Web: www.qgsl.net/w2cra

WV - CHARLESTON -
Charleston Area Hamfest &
Computer Show. William H.
(Jack) Kibler KBWMX, 304-722-
3150. Email: kBwmx@juno.com

MARCH 16-17

GA - MARIETTA - Hamfest.
Kennehoochee ARC, Bob Butler

A T |

QUALITY Parts
FAST Shipping

DISCOUNT
Pricing

CALL, WRITE, pax
or E-MA/L For A

Free 96 Page
CATALOG_

Outside the U.g o

Send $3.0p Postage

|  cheap LED Fiasher

Lithium Battery CR123A |

The simplest electronic flasher
ever. Great for attention
getting displays, party
decorations, night
time warning signals. (1
Ared 5mm LED with %
flasher chip is attached to
a battery snap that snaps onto a 2 AA cell
battery holder. Will flash for months on a set
of batteries. Flash rate, approximately 120
flashes per minute. Batteries not included.

CAT# FSH-10 [ 100 for 70¢ each

1 00 500 for 60¢ each
$ each 1000 for 50¢ each
Special Purchase! 5 Vdc
1.9A Switching Power Supply
Autec # DT25-1004 T
Input 100-240 Vac
Qutput: 5V @
19Amp, 8V @
1.1 Amp, 15V @ L
0.36 Amp, -15V @ ~SLY -
0.09 Amp. If you need > ’,‘(‘
a constant regulated &
output for scanners, 1
cameras or sensitive equipment, have a look
at this inexpensive benchtop supply . 3.25"
% 6.39" x 2.35" high. 7' 6" output cord is ter-
minated to custom Molex-type connector.
Requires detachable IEC power cord like our
CAT# LCAC-60. UL, CSA listed.
CAT# PS-531 10 for $4.50 each

$5@ 50 for $4.00 each
each

100 for $3.50 each
I LED Tester I

Pocket-size led tester. Al
Makes it easy to check
functionality, color, bright- =4
ness and uniformity. i
Plug anyleaded LED § &
into one of 12 positions on NS
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).

CAT# LT-100 95
$8¥ch

MAIL ORDERS TO:

ALL ELECTRONICS CORPF.
P.O. BOX 567 = VAN NUYS, CA 91408-0567

NO MINIMUM ORDER + All Orders Gan Be Charged to Visa, Mastercard, American Express or Discover » Checks and Money Orders Accepted by Malil +
Orders Delivered in the State of Califomnia 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, Hawalii, P.R. and Canada Must Pay Full Shipping * Quantities Limited * Prices Subject to change without notice.

Tekcell CR123A. 3 Volt lithium
cell. Commonly used in
photographic equipment.
1.34" long x 0.65" diameter.

CAT# LBAT-123 57575560 each

$ @ 100 for $2.35 each
each 800 for $1.90 each

| Humidity Meter |

Duracraft. Relative humidity
scale calibrated from 20% to
100%, with 30% to 50% being
designated the "Comfort
Zone." 2" diameter meter in

a wall-mount or table-top gray §#
plastic case, 3.55" high x
2.66" wide x 1.18" deep.
CAT# HMR-1

$229

Nickel-Metal Hydride
4.8V 850 mAH Battery Pack

Philips # 25733.
New, recharge-
able pack
manufactured for
cell phones. Contains
four 1.2 Volt, 850 mAh cells.
Each cell is 1.8" x 0.65" x 0.3".
With little effort you can remove the cells from thg
enclosed battery pack and reconfigure them to

cut-away
view

suit your needs. ‘CAT# NMH-53

2
S s 10 for $17.50
| 1.38” Piezo Disc |

Kyocera. 35mm brass — —.
piezo element with (7~
exciter circuit. K i/
Three 2" wire leads.

CAT# PE-44 i
$ 00 [ 10forss.s0
each | 100 for $60.00

ORDER TOLL FREE 1-800-826-5432

Shop ON-LINE www.allelectronics.com

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

Great Price! 60 Watt
Switching Power Supply

Autec # UPS61-1004-T
Input: 115/230 Vac e
Outputs: 3.3V @ ’*ﬁ:w

47,5V @ 2A, oy =5
12V @ 3A, 32V @ 5 mA. &\9/
New, open-frame switching @
supply. 5" x 3.46" x 1.68."

“Panasonic-type" two conductor receptacle
for AC input, can be hardwired if desired.
Fused input. 10 conductor molex-type plug
output. Ferrite bead for EMI suppression on
output wires. Large quantity available.

CAT # PS-70

case of 48 pieces
$450
each
16 Character X 2 Line LCD
with LED Backlight
Alesis Corp.
G8 LCD
16 x 2 LCD.
Module size:
485" x1.7."

Display size: 3.67" x 1.05." Black bezel
around the display, 4" x 1.46." Input through
16 pin male header, 2 x 8 pins on 0.1" centers.
LED backlight operates on 5 Vdec. No spec or
hook-up sheet available. DO

CAT # LCD-68 $cach

|  inverter, 5 vdc Input |
TDK-2090. Inverter for small to

medium CCFT lamps. Oper%@}
.->”'ﬂ.

on 3-5 Vdc. No official specs 1,
available at this time. Our "‘m@‘

tests indicate that it lights o

lamps of 250mm length or less.

Medule is 2.17" x 1.1" x 0.4" high. PC pins on
2" x 0.84" centers. Large quantity 00
available. CAT# INV-7 ‘each

| CCFT Lamp 3.2mm X 250mm |

3.2 mm diameter X 250 mm long. White.

i BF;ZSD’ZUB' CAT # BF-3250
$ ‘each 100 for $6.00 each

REH®

oucevER

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

32 March 2002/Nuts & Volts Magazine

Circle #40 on the Reader Service Card.

WA4RBB, 770-579-9420. Email:
wérbb@arrl.net

Web: http://qgsl.asti.com/hootch
/KARC-HamF.html

TX - MIDLAND - Hamfest.
Midland ARC, Larry Nix N5TQU,
915-699-5441.

Email: cilman29@home.com
Web: http://www.w5qgg.org

MARCH 17

IL - STERLING - Hamfest.
Challand Middle School
Gymnasium, 1700 6th Ave. VE
testing. Sterling-Rock Falls ARS,
Lloyd Sherman KBOAPW, 815-
336-2434.

Email: Isherman@essexl.com
OH - MAUMEE - Hamfest. Lucas
County Recreation Center, 2901
Key St. 8am-2pm. Talkin:
147.27+. Toledo Mobile Radio
Assn., Paul Hanslik N8XDB, 419-
385-5056. Email: kb8iup@arrl.net
Web: http://tmrahamradio.org
PA - MONROEVILLE - Hamfest.
Palace Inn. 8:30am-3pm. Two
Rivers ARC, Bill Hetrick N3LQC,
412-751-1937.

Email: n3lgc@home.com Web:
www.gsl.net/w3oc/hamfest.htm
WI - JEFFERSON - Hamfest. Tri-
County ARC, John Satterlee
WA9SAB, 920-563-6381.

Email: satterle@ticon.net

MARCH 22-23

NE - NORFOLK - State
Convention. Elkhorn Valley ARC,
Dave Thege NOXBN, 402-371-
3550. Email: nOxbn@arrl.net
Web: www.gsl.net/evarc

MARCH 23

FL - PLANTATION - Cy Harris
W4MAQ Memorial Free Flea.
Northeast parking lot of Motorola
(8000 W. Sunrise Blvd). Talkin:
146.79 -600. Robin Terrill N4HHP,
954-583-3625.

Email: kgdchw@arrl.net

Web: www.geocities.com/bcepn
/freeflea.html

IN - MICHIGAN CITY - Hamfest.
Michigan City High School, 8466
W. Pahs Rd. 8am-2pm CST.
Michigan City ARC, Inc., Ron
Stahoviak N9TPC, 219-325-9089
TX - WEATHERFORD -
Hamfest. ARC of Parker County,
Jerry Thompson K5JWT, 817-
594-8091 or 817-597-6789
(mobile). Email: k5jwt@arrl.net

MARCH 23-24

PA - PHILADELPHIA - Robot
Combat. East Coast Hobby
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Show, Ft. Washington Expo
Center. Sat: 9am-6pm, Sun:
10am-5pm. Northeast Robotics
Club, Ed McCarron, 610-583-
6136 eves. Email:
emccarron@robotconflict.com
Web: www.robotconflict.com

MARCH 24

IL - GRAYSLAKE - Hamfest.
North Shore Radio Club, Jacob

Fishman NEONS, 847-291-4160.
Email: neOns@arrl.net

Web: http://www.ns9rc.org

NC - KINSTON - Hamfest. Down
East Hamfest Assn., Doug Burt
W40FO, 252-524-5724.

Email: jeanhd@icomnet.com

OH - MADISON - Hamfest. Lake
County ARA, Roxanne N8BC,
440-209-8953 (9am-9pm).
Email: lcarahamfest@hotmail.com

Web: http://hamnet.org/Icara

MARCH 30
TX - BRENHAM - Hamfest.

Washington County Fairgrounds.

8am-12pm. Talkin: 147.260
+.600. Brenham ARC, Dan
Lakenmacher N5SUNU, 979-836-
8739.

Email: briang@comwerx.net
Web: www.alphal.net/~barc

PiCmicro MCU development tools
from microEngineering Labs, Inc.
www.melabs.com

LAB-X Experimenter Boards
Assembled development platforms.
Each has RS-232 serial port, in-
circuit  programming  connector,
power supply, plus other hardware.
LAB-X1 for 40-pin (shown) - $199.95
LAB-X2 for 28 or 40-pin MCUs - $69.95
LAB-X3 for 18-pin MCUs - $119.95

PicBasic and PicBasic Pro Compiler
Write programs for PICmicro MCUs in
BASIC. Can be used in Windows or
DOS (includes Windows editor/IDE
software).

PicBasic Compiler - $99.85

PicBasic Pro Compiler - $249.95

Tired of Expensive Inkjet Cartridges?

Save 90% on Inkjet Inks !

Refill kits Black (8 oz) Color (4 0z C, Y, M)
Printer (Call for Others Not Listed!)

# of Refills
Black | Color

Cost/Refill Kit Price
Black | Color Black | Color

Xerox HC 450, XJ4C, XJ6C

HP500 Series, 400, Officejet 300, 350, Fax 7 14
HPB00 Series, Officejet 500, 570, 600, 610 630, 700
HP820C, 855C, 870C, 1000C, 1150C, Copier 120, 210
HP720C, 722C, 712C, 880C, 890C, 895C, 1120C, 1170C
HP900C Series, P1000 Series, Officejet G55, G85, G895
HP2000C Pro Color Printer, 2200, 2500

Canon BJ-10, 200, 210, 240, 250 Apple StyleWriter 1200,1500 14 20
Canon BJC-4000 Series, 2000, 5000 Series, Multipass Series 60 60
Canon BJC-6000, 3000, S400, S450, S600, Multipass 755 14 8

7 14
6 12
6 12
6 12
6 12

Epson Stylus Color 500, 200 20 17
Epson Stylus Color 400, 600, 800, 850, 1520, Photo 20 17
Epson Stylus Color 440, 660, 670, 740, 760, 860 20 17
Epson Stylus Color 480, 580, 880 NEW 20 17
Lexmark 3200, 5700, Z11, Z12, Z31, Z32, 15 17

Compagq [J300, 1J600, 14700, 1J750, 1J900 Xerox XJ8C 15 7
Lexmark 242, Z51, Z52, Z83, Compaq 1J1200, A1000 NEW 15 17
Lexmark Photo kit for 3200, 5700, 7000, 7200, Z42, Z51, Z52 9
Lexmark 2030, 2050, Execjet Il/lic, Medley 4C, Compaq 1J200 10 17

New Combination Kits Black dye 4 oz / Color 2 oz each
New Combination Kits Black pigmented 4 oz / Color 2 oz each

4.71 2.85| 3295 39.95
4.71 3.21 | 3295 44.95
6.67 3.33 | 3985 39.95
6.67 3.75 | 39.95 4495
6.67 3.75 | 3985 44.95
6.67 3.75 | 39.95 4495
215 2.00 | 2995 3995
0.50 0.67 | 2985 39.95
2,85 1.67 | 3995 39.95
1.50 235 | 2995 39.95
1.50 2.65 | 29.95 44.95
1.50 2.65 | 2095 44.95
1.50 2.65 | 290.95 44.95
2.67 2.35| 3995 39.95
2.67 2.65 | 3985 4495
2.67 2.65 | 3995 4495
3.1 27.95
3.00 235 | 2995 39.95
1.36 3.33 | 2995 39.95
44,95
49.95

Save 30 - 60% on New Compatible Cartridges

Quantity Discounts for 3 or 6+ cartridges Mix and match

EPIC Plus PICmicro Programmer
Programs the following PICmicro
MCUs: PICi2Cox,  12CExxx, o
14C000, 16C505, 16C55x, Bwx, Taox,
B4, 9xx, 16CE62x, 16F62x, Tx, Bx,
B7x, 17C7xx, and 1BCxxx (some
MCUs require adapters). Software for
Windows and DOS. Requires twa 9V
batteries or AC adapter (not
included). Adapters available for various device packages.

Bare PCB wisoftware - $34.95, Assembled - $59.95
Assembled w/AC adapter, cable and ZIF adapter - $99.95

PICProto Prototyping Boards
$8.95 to §19.95
High-quality blank prototyping boards for
PICmicro MCUs. Holds your microcontroller, 5-
volt regulator, oscillator, capacitors, DBS-25
connector.

miicreCngineering Labs, e
&= Phone: (719) 520-5323 =

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

For product information

or to order online,
visit our website at: www.melabs.com

Printer

(Call for Others Not Listed!)

BLACK Cartridge [COLOR Cartridge
Qty 1/ 3 / 6+

Qty 1/ 3 | 6+

Epson Stylus Calor II, lls, 200

Canon BJC-4000 Series, 2000, 5000 Series, Multipass Series
Canon BJC-6000, 3000, S400, S450, S600, Multipass 755
Canon BJC-70, 80, 85 (3 pack Black / 3 pack color)

Epson Stylus Caolor, Color Pro, Pro XL

Epson Stylus Color 400, 500, 600, 800, 850, 1520, Photo

Epson Stylus Color 440, 660, 670, 740, 760, 860

Epson Stylus Color 750, 900, 980, 1200

Epson Stylus Color 480, 580, 880 NEW

Epson Stylus Color 777, 870, 875, 1270 Requires Empty Return !

450 / 3.83 / 3.69
7.95 | 6.76 |/ 6.52
9.95 / 8.46 / 8.16
9.95 / 8.46 | 8.16
9.95 / 8.46 / 8.16
9.95 / 8.46 | 8.16
9.95 / 8.46 | 8.16
1095/ 9.31 / 8.98
1095/ 9.31 | 8.98
11.95/11.95/11.95

10.95/ 9.31 / 8.98

7.50/ 6.38 |/ 6.15
14.95/12.71 /12.26
13.95/11.86/11.44
13.95/11.86 / 11.44
13.95/11.86/11.44
13.95/11.86/11.44
15.95/13.51 / 13.08
14.95/12.71/12.26
15.95/15.95/15.95

Inkjef
Southwest %

www.inkjetsw.com

(480) 668-1069 Fax

Quality Inks and Toners for:
HP Epson Lexmark
Canon Apple Xerox

)

New Combination Black / Color Kits

4 oz black dye / 2 oz C,M,Y color - $44.95
4 oz black pigmented / 2 0z C,M,Y - $49.95

Mon - Fri 8:30-5:30 PDT 11:30-8:30 EST
Call or see us online!
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1-800-447-3469

(480) 668-0959
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Future Horizons
Advanced Technology

Ambient Power Module

Low cost circuit provides

up to 9 watts of electrical

power from free-energy in

the air. Can replace
batteries in many devices.

#PWRM Plans- $24.00
#PWRZ Ready t_c.) use- $140.00

lon Propulsion Motor
Plans show construction of
several types of ion motors.
Spins by ion propulsion.
Similar to NASA's ion probe
spacecraft. Greal for gravity
rasearch. #HIDC or #HIDZ

¥ needed to power ion motor.

< #OPM Plans- $20.00

#IOPZ lon Motor Ready to use- $150.00

#HIDC 30kv power unit Plans- $20.00

#HIDZ 30kv unit ready to use- $250.00

#ANTI Antigravity video lecture- $35.00

Cordless Phone Extender
‘ Extend your cordless phone range

to 50 miles. Place calls all around
town. Great alternative to cell phones.
#CPHE Plans- $23.00

[~ Sonic Devestator Pistol

g Creates an invisible ultrasonic
force field capable of inducing
intense pain and discomfort in

any attacker. Effective to 20 Ft.
#SONI Plans- $15.00
#SONZ Ready to use- $150.00

g Traffic Light Buster
a

Has been known to turn traffic lights
green in many cities by the touch of
button. Emergency vehicles use it to
pass through traffic lights quickly. Opens
security gates in gated communities too.
#TLBU Plans- $20.00
#TLBZ Ready to use- $250.00

Please add $6.00 Shipping/handling
Catalogs are available for $3.00

Po Box 125 Marquette, Mi 49855
(906) 249-5197 www.futurehorizons.net
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CALL TOLL-FREE
(800) 292-7711 Orders

Only
Se Habla Espariol

C&S SALES

Secure On-line Ordering @ cs-sales.com

CALL OR WRITE
FOR OUR

FREE

4 PAGE CATALOG!
(800) 445-3201

Digital Multimeters

|| LCR Bridge |

|  Deluxe Soldering Stations |

Elenco Model M-1740

*19.°

11 Functions:

+ Freq. to 20MHz

« Cap. to 204F

* AC/IDC Voltage

* AC/DC Current

* Beeper

* Diode Test

« Transistor Test

* Meets UL-1244
safaly specs.

Elenco Model LCR-1810

$89.95

» Cap. 0.1pF 1o 20uF
* Inductance 1jH to

20H

= 3 1/2 Digit Display

= Resistance 0.0162
o 2,000Mi
= Temperature -20°C

Elenco Model LCM-1

M

- 1888 )
& :_ _ﬁ‘

Lco

10 4MHz

* Inductance to

to 750°C

« DG Voits 0 - 20V * Res. to 4,000M1

« Freq. up to 15MHz » Logic Test

* Diode/Audible * Diode & Transistor
Continuity Test Test

= Signal Output = Audible Gantinuity
Function Test

65

* Large 13 3/4 Digit
= Autoranging Freq.

* Cap. to 400uF

950

B&K Model 878

40H

Test Equipment

= One instrument with four test

Elenco Four Functions in One Instrument

Model MX-9300B
Features:

and measuring systems

- 1.3GHz Frequency
Counter

- 2MHz Sweep Function
Generator

- Digital Multimeter

- Digital Triple Power
Supply

450

Elenco 3MHz Sweep Function Generator
with built-in 60MHz Frequency Counter

Model GF-8046

*199.%

Ganerates square, triangle, and sine wavetorms, and TTL, CMOS pulse

GF-8025 - Without Counter $139.95

- N-¥ -

-

LN

Elenco Handheld
Universal Counter

1MHz - 2.8GHz
Model F-2800

99

Sensitivity:

* <1.5mV @ 100MHz
* <5V @ 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.....cuues $14.95

Elenco Quad Power Supply
Model XP-581

4 Fully Regulated Power Supplies in 1 Unit

fes) 575

4 DC Voltages: Jfixed, +5V @ 3A, +12V @ 1A
T variable; 2.5 - 20V @ 2A « Fully Regulated
& Short Protected = Voltage & Current Meters =
All Metal Case

Elenco Power Supply
Model XP-603

= 75

= 0-30VDC @ 3A Output

= 3A Fused Current Protection

* Current Limiting Short Protection
» 0.025(2 Output Impedance

* 0.2Hz to 20MHz

* AM & FM Modulation

= Burst Operation

= External Frequency Counter

10MHz Model 4D17A $325
5MHz Model 4011A $259
2MHz Model 4010A $225

20MHz Sweep / Function Generator
with Frequency Counter Model 4040A

to 30MHz

= Linear and Log Sweep

‘E‘ 299 . e

5445

BK PRECISION'

Elenco RF Generator
with Counter (100kHz - 150MHz)
Model SG-9500

e ——,
o
Features internal AM mod. of 1kHz, RF

output 100MV - 35MHz. Audio output 1kHz @
1V RMS.
SG-9000 (analog, w/o counter) $119

Elenco 10Hz - 1MHz
Digital Audio Generator
Model SG-9300

i —
i) ‘225

= "sssale

Features built-in  150MHz  frequency
counter, low distortion and sine/square
waves.

SG-9200 {w/o counter) $119

Discounts
Available

Elenco SL-5 Series
Electronically controlled, ideal for professionals,
hobbyists. Available in kit form or assembled
As Low As

24,5

Features:

* Cushion Grip Handle
Soldering Iron (optional) with
Grounded Tip for Soldering
Static-Sensitive Devices.
Easily Replaceable. Uses
Long-Life, Plated Conical Tip.

* Heavy Steel, Non-Slip Base.

e Iron Holder Funnel -
Reversible, left or right side

« Steel Tray for Sponge Pad.

= Sponge Pad.

students, and

Works w/ any
iron! Turn any
soldering iron
into a variable
iron.

1 E: *\

Ordering Information:

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

5245
329.95

Elenco Model SL-30

*Tip temperature changeable from
300°F (150°C) 1o 900°F (480°C).

« Temperature is maintained within
+10°F of its preset temperature

= The tip is isolated from the AC line by a
24V transformer.

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

579.95

* The tip is grounded to eliminate static
charges.

SL-10 - Same as SL-30 wio digital display
$59.95

Weller® Low Cost Soldering Iron
Model WLC100
* Variable power control
produces 5-40 watts.

* |deal for hobbyists, DIYers
and students.

* Complete with 40W iron.

554,

I

Elenco Oscilloscopes

| Electronic Science Lab |

$-1325 25MHz Dual Trace

S-1340 40MHz Dual Trace

Free Dust Cover and 2 Probes

§325
S-1330 25MHz Delayed Sweep S439

5475

S$-1345 40MHz Delayed Sweep $549 M
5-1360 60MHz Delayed Sweep $725 - ¥ e
S$-1390 100MHz Delayed Sweep S895

Nose Pliers, Diagonal Pliers,
Screwdriver Bit Set, Wire Stripper, IC

Deluxe 29pc. Computer Service Tool Kit
Elenco Model TK-1200

536_95

Includes Soldering Iron, Solder, Long

11 pe.

Inserter, IC Extractor, Screwdriver,
Phillips Screwdriver, Desoldering Pump,
and more!

UPS SHIPPING: 48 STATES

OTHERS CALL FOR DETAILS
IL Residents add 8.25% Sales Tax

SEE US ON THE WEB

Guaranteed Lowest Prices

(Minimum $5.00)

C&S SALES,

||l Elenco Educational Kits |
Model XK-150 OWI Model OWI-007 Model AM-780K
Digital / Analog Trainer Robotic Arm Trainer Twa IC Radio Kit
$ 95 s
89. A
] 5 50
(1Y (1 5 Model AK-700 Model RCC-7K
Pulse/Tone Radio Control Car Kit
Telephone Kit
g, | Flashing Neon Lights 527.95
jf Great School Project |
+ 830-pin Breadboard f i
+ 8 Data Switches g $14.95 |- Transminer %:b
* 8 LED Butfered Readouts Inchuded
= Bullt-in Function Generator
o & Se0are Walde) Model M-1005K Model Kél}m
= Built-in Clock Generator DMM Kit TW Amplifier
* Variabie Power Supply « Transistor Test
+1.25V to 15VDC @ 254 » Diode Test 51 2 95
-1.25V to -15VDC @ 254 *Overload Protection ;
ﬁg{;‘fr“ 25A « Pocket Size 8
+30VAG center-tapped at
15VAC @ 254 51 8_95 .

)[R

150 W. CARPENTER AVENUE

WHEELING,

IL 60090

FAX: (B47) 541-9904 (847) 541-0710
hitp:/fwww.cs-sales.com

—

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

Everything you need to build 500 exciting electronic pm]ects
« Learn the basics of electronics. 500
different electronic experiments, special [
lighting effects, radio transmitter and §
receivers, sound effects, cool games and
MORE! k

* 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

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

BJECT TO CHANGE WITHOUT
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Ultrasonic Distance

Measurement Using the
MSP430

T TR S

he ultrasonic distance measuring system presented here is

based on the MSP430F413 which belongs to the Texas

Instruments MSP430 family of ultralow power 16-bit RISC

microcontrollers. The MSP430F413 was selected for this

design because of the choice of its peripherals and the inte-
grated LCD driver.

The measurement is initiated by the system by transmitting a burst of
ultrasonic sound waves towards the subject and then receiving the corre-
sponding echo. The integrated analog comparator — Comparator_A in the
MSP430 — is used to detect the arrival of the echo at the system. The time
taken for the ultrasonic burst to travel the distance from the system to the
subject and back to the system is accurately measured by the MSP430.

Assuming the speed of sound in air at room temperature to be 1100
feet/second, the MSP430 computes the distance between the system and
the subject, and displays it using a two-digit static LCD,

By Murug

avel Raju

sonic sound waves in this system are 40-kHz ceramic ultrasonic transduc-
ers, The MSP430 drives the transmitter transducer with a 12-cycle burst of
40-kHz squarewave signal derived from the crystal oscillator and the receiv
er transducer receives the echo. The 16-bit timer Timer_A in the MSP430 is
configured to count the 40-kHz crystal frequency such that the time meas-
urement resolution is 25 ms, which is more than adequate for this applica-
tion. The measurement time base is very stable as it is derived from a
quartz-crystal oscillator.

An operational amplifier amplifies the echo received by the receiver
transducer and the amplified output is fed to the Comparator_A input. The
Comparator_A senses the presence of the echo signal at its input and trig-
gers a capture of Timer_A count value to capture compare register CCR1.
The capture is done exactly at the instant the echo arrives at the system.
The captured count is the measure of the time taken for the ultrasonic burst

driven by its integrated LCD driver. The distance is dis-
played in inches with an accuracy of +1 inch. The mini-
mum distance that this system can measure is eight inch-

LCD1

es and is limited by the transmitter's transducer settling-
time. The maximum distance that can be measured is 99
inches.

The amplitude of the echo depends on the reflecting
material, shape, and size. Sound-absorbing targets such
as carpets and reflecting surfaces less than two square
feet in area reflect poorly. The maximum measurable
range is lower for such subjects. If the amplitude of

Figure |.
Circuit
Schematic.

Ny
Lt L

€
1 c b a d c b a

7613 |4 [6 1405013 12|7 |8 |9

the echo received by the system is so low that it is %
not detectable by the Comparator_A, the system goes out - 6252423222120 1817 16 15 14 13 12 Vee
of range, which is indicated by displaying the error mes- 100K Bi=omo 4
sage E. c9
RESET| 8 Qe
Theory of Operation " 1 I l
Vee 4DKH.2{ 64 1
Ultrasonic distance measurement is based upon the H xout] MSP‘tL:OFMa - o
reflection of sound waves — defined as longitudinal pres- T o 40
sure waves in the medium in which they are travelling. " T
Subjects whose dimensions are larger than the wave- ] TMSi:: P10 =
length of the impinging sound waves produce reflected = TCK} 57 ot
waves called the echo. l L. . 53) i3
If the speed of sound in the medium is known and the I o & 62637 101146 48 =
time taken for the sound waves to travel the distance from & — Ve rallli! SRty
the source to the subject and back to the source is meas- =

ured, the distance from the source to the subject can be
computed accurately. This is the principle of this distance-
measuring device. Here the medium for the sound waves
is air, and the sound waves used are ultrasonic, since it is
inaudible to humans.

Assuming that the speed of sound in air is 1100
feet/second at room temperature and that the measured
time taken for the sound waves to travel the distance from
the source to the subject and back to the source is t sec-
onds, the distance d is computed by the formula d=1100
x 12 x t inches. Since the sound waves travel twice the dis-
tance between the source and the subject, the actual dis-
tance between the source and the subject will be d/2.

Circuit Description

The elements used to transmit and receive the ultra-

l40KHz

FS Transducer
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Ultrasonic Distance Measurement Using the MSP430

to travel the distance from the system to the subject and back to the sys-
tem. The distance in inches from the system to the subject is computed by
the MSP430 using this measured time and displayed on a two-digit static
LCD.

Immediately after updating the display, the MSP430 goes to LPM3 sleep
mode to save power. The Basic Timerl is programmed to interrupt the
MSP430 every 205 milliseconds. The interrupt signal from the Basic Timerl
wakes up the MSP430 to repeat the measurement cycle and update the dis-
play.

Figure 1 shows the circuit schematic diagram of this application. The
MSP430F413 (U1) is the core of this system. (Reference [1] is the data
sheet for this device.) LCD1 is a two-digit low-voltage static LCD driven by
the integrated LCD driver. RO3 is connected to VSS, and R13 and R23 are
left open for static-LCD-drive mode operation of the LCD peripheral. A 40-
kHz crystal X1 is conveniently chosen for the low-frequency crystal oscilla-
tor to match the resonant frequency of the ultrasonic transducers used in
this application.

R12 serves as the pull-up resistor for the reset line, and the integrated
brownout-protection circuit takes care of brownout conditions. C9 provides
power-supply decoupling to the MSP430 and is located close to the power
supply lines of the device. A 14-pin box header (J1) allows JTAG interface
to the MSP430 to provide in-circuit debugging and programming using the

MSP430 flash emulation tool. LED1 is provided to indicate measurement
cycles. Port pin P1.5 is configured to output the buffered 40-kHz square-
wave — ACLK — required by the ultrasonic transmitter. The output drive cir-
cuit for the transducer is powered directly from the nine-volt battery and
provides 18 VPP drive to the ultrasonic transmitter. The 18 VPP is achieved
by a bridge configuration with hex inverter gates (4-CD4049. (Reference
[6] is the data sheet for this device.) One inverter gate is used to provide a
180-degree phase-shifted signal to one arm of the driver.

The other arm is driven by the in-phase signal. This configuration dou-
bles the voltage swing at the output and provides the required 18 VPP to the
transmitter transducer. Two gates are connected in parallel so that each
arm can provide adequate current drive to the transducer, while capacitors
C6 and C7 block the DC. Since the CD4049 operates on 9 volts and the
MSP430 operates on a VCC of 3.6 volts, there is a logic level mismatch
between the MSP430 and the output driver circuit. Bipolar transistor Q1
acts as logic-level shifter between these two logic levels.

Operational amplifier U3 is the five-pin high-slew-rate Tl operational
amplifier TLV2771. (Reference [5] is the data sheet for this device.) This
amplifier has a high-gain bandwidth and provides sufficiently high gain at
40-kHz. The operational amplifier is connected in an inverting amplifier con-
figuration. R7 and R5 set the gain to 55 and C5 provides high-frequency roll-
off. R3 and R4 bias the non-inverting input to a virtual mid-rail for single-
supply operation of the operational amplifier. The amplified ultrason-
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ic signal swings above and below this virtual mid-rail. The high @ of
transducer RX1 provides selectivity and rejection of unwanted fre-
quencies other than 40 kHz. The output of the operational amplifier
is connected to the Comparator_A CAO input of the MSP430 via port
pin P1.6.

The Comparator_A reference is internally selected to be 0.5VCC.
When no ultrasonic echo is received, the voltage level at CAO is slight-
ly lower than the reference at CAl. When an echo is received, the volt-
age level increases above the reference and toggles the
Comparator_A output CAOUT. R3 can be fine-tuned for the required
sensitivity and the measurable range can be optimized.

The MSP430 and the ultrasonic signal amplifier circuit are pow-
ered by a regulated 3.6-volt supply, derived from the nine-volt battery
via Tl LDO TPS77001. (Reference [4] is the data sheet for this
device.) Resistors R1 and R2 program the regulator output voltage to
3.6 volts. C1 and C2 are the recommended supply capacitors for cor-
rect functioning of the regulator. The transmitter driver is powered
directly from the nine-volt battery. Switch S1 functions as the power-
on switch for this application.

Construction

| built the prototype using a double-sided through plated PCB
designed out of 'expresspcb.com.' | used the MSP430F41x flash emu-

Figure 2. Oscilloscope Trace of the Transmitter 40KHz Burst.

lation tool (MSP-FET430P410) to develop and debug the code and to
program the device. You can also use the MSP430 serial programmer
(MSP-PRGS430) to program the MSP430 device. Both tools use the
JTAG port of the MSP430 to communicate with the device. The flash
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emulation tool (FET) has the advantage of providing in-system-
debugging capability. The FET tool is a low-cost MSP430 develop-
ment tool offered by Texas Instruments and combined with the JTAG
on-chip emulation logic of the MSP430 rules out the requirement of
ICE (in-circuit emulator) for microcontroller application develop-
ment.

Software Ultrasonic.s43
Init_Device

This subroutine initializes and configures the peripherals used.
The Watchdog Timer is disabled first. A software delay is provided to

References

Franco, Sergio. Design with Operational Amplifiers and Analog
Integrated Circuits. New York: WCB McGraw-Hill, 1998.

Texas Instruments Datasheets:

MSP430x4 1x mixed signal microcontroller datasheet (SLAS340)

MSP430x4xx Family User's Guide (SLAU056)

MSP430 Family Mixed-Signal Microcontrollers Application Reports
(SLAAD24)
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001

Figure 3. Oscilloscope Trace for One Measurement Cycle.
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Ultrasonic Distance Meas

allow the low-frequency oscillator to stabilize. The FLL+ multiplier is set to
64 for a MCLK frequency of 2.56 MHz. P1.0 is configured as output for the
LED. The unused port pins are configured as outputs and port pin P1.5 is
configured to output the buffered ACLK frequency of 40KHz. The Basic
Timerl is enabled and configured to provide a 150Hz LCD frequency and
also interrupt the CPU periodically every 205 milliseconds to initiate a
measurement cycle.

The Comparator_A is configured with 0.5VCC internal reference and
the CAPD bits are set to disable the input buffers for the comparator-input
pins. The LCD module is turned ON and configured for static mode opera-
tion to drive the two digit static LCD in the application. The LCD memory
locations are cleared such that the LCD displays '00' initially. The Basic
Timer] interrupt and the global interrupt enable are enabled finally so as to
allow the Basic Timerl to periodically interrupt the CPU.

The mainloop updates the LCD with the value stored in the buffer DIG-
ITS and then puts the MSP430 to LPM3 sleep mode. The MSP430 remains
in sleep mode until a Basic Timer] interrupt occurs and the BT _ISR returns
it to active mode. Now a measurement cycle is initiated. Timer_A is config-
ured to 16-bit up-mode and ACLK is selected as the clock source for
Timer_A. CCRI1 is set to compare mode with a value of 12 so as to output
12 cycles of 40KHz burst on P1.5. Next, a delay of 36 ACLK cycles is
allowed for the output transducer to settle. This is realized by setting CCR1
in compare mode with a value of 36. During these CCR1 compare wait
states, the MSP430 stays in LPMO.

Now the system is set ready to receive the echo via the receiver trans-
ducer. The Comparator_A is configured to await the echo and, at the instant
of the echo, it provides a capture interrupt. The Timer_A count is captured
in the capture compare register CCR1 and the value is the measure of the
time taken for the ultrasonic burst to travel the distance from the transmit-
ter transducer to the subject and back to the receiver transducer. The count
value is adjusted by adding 48 to compensate for the time lost in the 12-
cycle burst and the 36-cycle transducer settling time delay. The adjusted
value in CCRI represents the exact time interval from the instant of the
start of the burst to the instant of the start of the echo at the system.

Next, the math subroutine is called to compute the actual distance in
inches and then return the result. If the system is out of range, the echo sig-
nal is not received and the Comparator_A does not provide a capture inter-
rupt. The MSP430 stays in LPMO until the next Basic Timer] interrupt wakes
it up. The CAIFG bit in the CCTL1 control register is tested now to make
sure that the echo was never received. To indicate this condition, a value of
O0xBE is stored in DIGITS to display E on the LCD. The program finally
loops back to Mainloop to update the LCD and go back to LPM3 sleep
mode. The next Basic Timerl interrupt returns the MSP430 to active mode
to repeat the program execution sequence.

Math_calc

The Math_calc subroutine takes care of the mathematical calculations
required in this application. The adjusted 16-bit value from CCR1 is stored
in the variable Result and is the representation of the time taken for the
ultrasonic burst to travel the distance from the system to the subject and
back to the system. Since the Timer_A counts in 25mS steps, the equiva-
lent value in time will be Result x 25mS.

Assuming the speed of sound as 1100 feet/second at room tempera-
ture, the Result from the Timer_A counts works out to be six counts per
inch of distance. Therefore, dividing the Result by 6, we get the required
value of the distance in inches.

To achieve the required precision with the available integer math of the
MSP430, the 16-bit Result is first multiplied by 100, then divided by 6. This
16 x 16-bit multiplication is done by the subroutine Mull00. The 32-bit
result is stored in the variables htX100_msw and htX100_lIsw.

This 32-bit result is then divided by 6 and the result is stored in the vari-
able DIGITS. The value in DIGITS is in hexadecimal format. The hex2bcd
subroutine converts this hexadecimal value to BCD (binary coded decimal)
value and the last two digits of the BCD number are discarded to compen-
sate for the multiplication by 100 done earlier. The resulting two-digit value
is returned to the variable DIGITS.

BT_ISR

The Basic Timerl interrupt subroutine BT_ISR manipulates the bits in
the status register SR residing in the stack such that the MSP430 returns to
active mode on return from this ISR. This allows the MSP430 to continue to
execute the code following the LPM3 instruction in the Mainloop.

Display

This subroutine updates the two-digit static LCD with the value in the
variable "DIGITS." The segment data for the static display is stored in the
look-up table "LCD_Tab." The LCD memory is loaded with the required
segment data by correlating the numbers in the "DIGITS" and indexing to
the required location in the "LCD_Tab" look-up table.

Delay

This subroutine does a 16-bit software delay. No registers are affected
as the variable to be counted down by software is assigned to the TOS (top
of stack). After the delay is timed out, the SP (stack pointer) is increment-
ed back to the original value before returning from this subroutine.

Conclusion

The integrated analog Comparator_A, the 16-bit Timer A with hard-
ware capture/compare registers, the Basic Timerl, and the LCD driver
peripherals simplify this ultrasonic distance measurement application
design and provide a system-on-a-chip solution. The average current con-
sumed by the application is 1.3-mA during a 15-inch distance measure-
ment. This includes the quiescent current of the LDO U2, Opamp U3, and
the CMOS hex inverter 4. The opamp alone has a quiescent current of
1mA and the remainder of the circuit current consumption is 300mA. The
LED draws 5-mA while it is ON.

The MSP430 draws an average current of 2. ImA with the LCD active all
the time, the MSP430 sleeps in LPM3 most of the time, and the CPU
resource used by this application is only 5.6%. Since the speed of sound is
temperature-dependent, the measured reading will be less accurate at tem-
peratures other than the room temperature. Simple thermistor-based tem-
perature measurement and distance compensation could be employed in
this situation to allow the system to measure accurately over a wide range
of temperature.

The measured distance and temperature data could also be stored into
the Flash memory, if required. The measurement range can be increased
by adding receiver gain stages and using a multiplexed LCD to read out as
many digits as required. NV

Murugavel Raju currently works as Systems
Engineer for Texas Instruments. He was
selected as the Worldwide winner of the first
Texas Instruments Analog Challenge in the
year 1999 (www.ti.com/sc/cash) and won
the grand prize. He may be reached at
m-rajul@ti.com.
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Computer Interfacing: Part |

Getting

In and Out of ‘““the Box”’

An Introduction to Computer Interfacing

ne of the most enjoyable and stimulating aspects of personal

computers and programming, to me, is connecting the PC up

to the outside world and inputting data from real world sensors

(such as temperature sensors) and controlling devices (such

as stepper motors). In other words, getting in and out of "the
box."

| have come away from several computer science courses disappointed
that they never dealt with anything outside of the PC "box" itself.

Interfacing PCs to the outside world can be an expensive proposition if
you purchase commercially available cards and accessories. Another prob-
lem is finding the software you need for interfacing or at least the information
needed to make the software you currently use perform input and output
operations.

This article is the first in a series of five that will introduce the basics of
computer interfacing. Reasonably-priced hardware will be presented and soft-
ware examples will be shown in both @BASIC and Visual BASIC. The QBA-
SIC examples will be given first since they are the easiest to follow and the
most straightforward. However, in an effort to make the software more up-to-
date and Windows 95/98 compatible, Visual BASIC examples will also be
introduced.

To begin with, let's take a look at what's available in the PC architecture
that can be used for interfacing. There are several different types of expan-
sion slots presently available on PC motherbeoards but these articles will only
deal with the oldest and simplest one, the eight-bit ISA (Industry Standard
Architecture) expansion slot (see Figure 1). The eight-bit ISA expansion slot
consists of a PCB (printed circuit board) edge connector with 62 pins, 31 on
each side. The pins in this connector can be grouped into three types of
buses: the data bus, the address bus, and the control bus, as well as pins for
power and a clock signal. We won't get into all of the 62 pins here but only

By David A.Ward

discuss those that pertain directly to interfacing.

The data bus consists of eight bi-directional connections, DO through D7.
The eight pins allow data to be either sent out or written from the PC moth-
erboard to a card placed in the expansion slot or for eight bits to be input or
read from the card into the motherboard. Since there are only eight data bits,
the data transfers are limited to the range of 00000000 (binary) through
11111111 (binary) or O (decimal) through 255 (decimal).

The address bus has 20 lines available — AQ through A19 — however,
only the first 10 lines (AO through A9) will be needed for typical interfacing
projects. The PC I/O map that assigns and standardizes address ranges for
devices such as printer ports, disk drives, etc., provides for 32 addresses for
prototyping beginning at 0300 (hexadecimal) through 031F (hexadecimal)
or 768 (decimal) through 799 (decimal).

Activating your interfacing projects in these 32 addresses reduces the
chances that any other device in the PC will be activated at the same time as
your interfacing circuitry.

The control bus contains lines that control such things as the direction
of data flow. Although the ISA expansion slot has over 20 control lines, only
a few are required for typical interfacing. The most important are: [OW, IOR,
and AEN. When the IOW (input/output write) line goes low, the computer will
be writing data out to the expansion slot. This line can be activated or assert-
ed in QBASIC using the "OUT" command that has the following syntax: OUT
Address, Data, for example; OUT 768, 234.

When the IOR (input/output read) line goes low, the computer will be
reading or inputting data from the expansion slot. This line can be asserted
with the QBASIC command "INP" which has the following syntax:
INP(Address), for example; X = INP(769). Of course, both the IOW and IOR
lines would never be asserted by the computer at the same time; the data
cannot flow in two directions at the same time. The AEN or address enable
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line is also an important control line when
using the expansion bus. If this line goes
high, it can be used to prevent bus colli-
sions between two devices trying to use
the data bus at the same time. The AEN
line will go high when another device
takes control of the expansion slot when
performing operations such as DMA or
direct memory access.

Now that we've looked at the ISA
expansion slot on the PC motherboard, it
is time to look at the circuitry that will fit
in that slot to provide the correct address
decoding and make the appropriate lines
available for interfacing, see Figure 2. On
the left side of the schematic diagram is
the 62 pin ISA expansion slot which is
labeled P1. On the right side of the
schematic are two 26 pin connectors, J1
and J2, which connect to ribbon cables to
take the needed lines out of the comput-
er to a breadboard for the external inter-
facing circuitry.

The circuitry in the center area of the
schematic provides two major functions.
First, it decodes the 32 addresses in the
prototyping area and provides an active
low enable signal for each of these
addresses, EO through E31. Secondly, it
buffers all of the necessary lines that will
go out to the external interfacing circuit-
ry. Buffering places a chip or gate
between each ISA expansion slot line and
the external circuitry. The buffered lines
are marked with a "B" so that data line DO
becomes BDO, etc.

Buffering serves two purposes. First,
it — hopefully — prevents any electrical
damage caused by the external interfac-
ing circuitry from getting back into the
PC's motherboard. Secondly, buffering
provides you with a known fan-out avail-
ability for your external circuitry.

For instance, if you were to connect
directly to, say, data line DO, you would
have no idea of how many other devices
were also connected to that same line
and therefore, no idea of what that data
line's fan-out load or capability was. If DO
is buffered, however, you can see exactly
how many devices are connected to it
and plan accordingly.

That was a brief overview of how the address
decoder/buffer circuitry functions. Now we can look at its func-
tions in detail, chip by chip. U1 is a 74L.S245 tri-state octal bus
transceiver. With its DIR or direction pin, pin 1, it can either
send data out to the external circuitry (DIR pin high) or let data
flow from the external circuitry into the PC's motherboard (DIR

pin low).

The data direction through U1 is controlled by the BIOR
line. U1 is enabled when pin 19, G, is taken low; this will occur
when either a read or write operation is called for and the prop-
er address range is triggered from the 10A line or input/output
address line. If U1 is not enabled, pin 19 is high, the data lines
will be put in a high impedance or high "Z" state which, in
effect, electrically disconnects the lines from the PC's data bus,
thus preventing data bus conflicts and computer lock-up.
Gates U2:A, U5:A, and U5:B logically tie the BIOR, BIOW, and
IOA signals together so that U1 is only enabled when properly
addressed during a read or write operation. IC's U3 and U4 are
7415244 tri-state octal drivers which are always enabled and
carry signals in one direction only, out from the PC mother-

board.

They buffer address lines AQ through A9, control lines
IOR, IOW, and AEN, as well as the reset driver line which will
go high while the PC's reset button is depressed, and finally,
the bus clock signal. The bus clock signal measured 8.2MHz
on a 133MHz Pentium computer | was using. This signal is
available for any of your interfacing ICs that may require an

external clock signal.

U6 and U7 are 74154 4-to-16 line decoder/demultiplexer
ICs which provide the 32 enable lines, EO through E31. They
are essentially the lower end of the address decoder because
they connect to address lines BAO through BA3. Only one of
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their 16 outputs can go low at a time according to the data placed at their CLS

input lines, A, B, C, and D.

BA4 is connected to U6 pin 19 and then it is inverted on its way to pin

facing ports such as; Ato-D (analog-to-digital) converters, and
input and output with non-TTL level devices (such as motors)
will need to be addressed in subsequent articles.

A basic eight-bit TTL level input and output port schemat-
ic diagram is shown in Figure 7 and a close-up of a protoboard
with a scope probe and two ribbon cables attached to it is
shown in Photo 2. Let's look at the input port first since it
employs the 74LS244 tri-state octal driver which was dis-
cussed earlier. Notice that all that is necessary to enable the
port is OR'ing an enable line — E1 or whichever enable you
choose — with the BIOR line, through a 7432 OR gate, U3:A.
The "A" pins of the 74L.5244 IC are tied to +5VDC through 47K
ohm pull-up resistors (the value of the resistors is not too crit-
ical) and then connected to an eight-position DIP switch which
has the other side grounded.

If a switch is left open, the bit that is input will be a +5VDC
or a logic "1;" if a switch is closed, the "A" side of the IC will be
taken to ground and the bit that is input will be at OVDC or a
logic "0." The pull-up resistors are necessary so that there is
never a "floating input" condition on the port.

Floating inputs are IC input pins that are not connected to
either ground or +5VDC, they are unconnected and are sus-
ceptible to stray electrical noise and voltages. Floating input
pins can give you erratic and unpredictable results so you
should always use either pull-up or pull-down resistors to pre-
vent a floating input condition. Now all that is necessary is to
write a little software to make it work. The QBASIC listing
below can be used to test the input port. As the DIP switches
are toggled off and on, the numbers displayed on the comput-
er monitor should change accordingly.

PRINT "Press any key to exit"
WHILE LEN(INKEYS) = 0

19 of U7 by gate U5:C. When address line BA4 is low, (U6 is enabled and U7 X = INP(769) '"769-E1
is disabled, this decodes the first 16 addresses. When BA4 goes high, U6 will PRINT X
then be disabled and U7 will be enabled, and continue on with the remainder WEND

of the 32 addresses.

Finally, U8 is a 74L.S688 eight-bit magnitude comparator IC which is the
upper part of the address decoder. U8 will be disabled whenever the BAEN
(buffered AEN) or address enable line goes high, which will occur when
another device takes control of the PC data bus for an operation such as a
DMA; this will keep U8's output, pin 19 IOA high which will prevent 1, U6,

and U7 from being enabled.
through BA9 against the "Q"

the address you wish to decode. When they are equal in magnitude, pin 19
(I0A) will go low, thus enabling U1, U6, and U7. You can also study the

address decoding chart in
Figure 3 to see how all of the
address decoding takes
place.

All of this circuitry is
incorporated in the PCB
design shown in Photo 1.
The PCB artwork for this
double-sided PCB with plat-
ed through-holes is included
with this articl in Figures 4,
5, and 6. You can make your
own PCBs from the artwork
shown or they can be pur-
chased along with their parts
as a kit. (See the PCB
Purchasing Information side-
bar.) Note that connector J1
on the PCB contains all of
the necessary lines needed
for interfacing and enables
EO through E9. Enables E10
through E31 are on connec-
tor J2, so most of the time
you can get by using one
cable connected to J1; 10
interfacing circuits connect-
ed at one time is quite a few.

Well, that finally gets us
out of the "box" with the
proper address decoding
and the necessary buffered
data and control lines. At
this time, only a basic eight-
bit TTL level input port and
output port will be intro-
duced. Other types of inter-

U8 compares the "P" pins connected to BA5
pins which are tied high and low according to

Now let's take a look at the output port. The output port consists of a
7415374 octal D flip-flop, which is enabled by OR'ing an enable line, in this
case, E0 and the BIOW line. The 74L5374 IC will latch out or hold the data
that is written to it until new data is received. Therefore, if you output a par-
ticular number, the LEDs will be on accordingly and remain on until another
value is written to the port. Notice that the eight LEDs connected to its out-
put side are connected through resistors to their cathodes rather than their
anodes, so that the IC "sinks" their current rather than "sources" their current.
This is done because the 741.5374 can only source 2.6mA of current per pin,
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but can sink, or take to ground, 24mA of current per pin and a typical LED
requires about 20mA. This causes an inverted logic at the LEDs, in other
words, writing a "1" out to the LEDs will turn them off rather than on as you
would normally expect. If this bothers you, it can be fixed in the software by
subtracting the number you wish to output from 255; see the QBASIC soft-
ware listing below. This program simply counts up from 0 to 255. If the pro-
gram runs too fast or too slow for your computer, simply adjust the number

PHOTO 1|

PHOTO 2
that Y counts up to (it currently counts up to 1,000).

FOR X = 0 to 255
odrT 768, 255 - X '"768=E0
FOR Y = 0 to 1000: NEXT Y

NEXT X

Well, that's plenty to get you started. In the next installment, a Visual
BASIC GUI (graphical user interface) software project will be introduced and
how to build it explained in detail. NV
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PCB Purchasing Information ui & 1 % 741_5%3 QOc';alz Eius—TreE;iﬁcGeiver1240 pin D%p
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Kronos Crawler Phase 3
Switches & Mods

By Michael Simpson

his month, we are going to add a couple of bump switches for

object detection. Before we get started, we need to make a few

modifications to the platform. These modifications will allow us to

attach two bumpers to the front of the Crawler. They will also allow
us to off-load some of the circuitry on the development board to a few mul-
tipurpose PC boards.

Platform Modifications

These enhancements involve drilling nine more holes and widening
another. | will go through each step needed to upgrade the platform by
referring to Figure 1.

Step 1
Remove the platform from the base and remove all components cur-
rently mounted on the platform.

Step 2

Widen the center hole as indicated in Figure 1. This hole is currently
used to run the motor wires. Although this step is not absolutely necessary,
it will make life easier in the future and will also protect the wires going
through the hole.

Step 3
Place a 1/8" support hole 3-7/8" from the right edge and 6-1/2" from
the back edge.

6-1/2"

Widen to 1/2" Hole

: % :

—
- -

—
-

/F,ar Placement see text
2

[Figure 1 | Figure 2 |

. BEEBERERR8R88

Important Change

On the last two Kronos Crawler articles,
the schematics list the pins for the VSS con-
nection on the SN754410 chip as 4,5,13,14.
This is incorrect and should read 4,5,13,12.

Step 4
Drill the four 1/8" holes near the front of the platform. These will be
used to mount the bump switches.

Step 5

Drill the four 11/32" holes near the center of the board. | did not give
measurements on these because the best way is to just mark the holes with
the multipurpose PC board as shown in Figure 2. Placement is not that crit-
ical. I show 11/32" holes for this, but you may want to make them a bit big-
ger to give your mounting screws some adjustment.

Now with the platform modifications, we can start to reassemble the
Crawler. If you are going to paint your Crawler, now is the time. Remove the
tracks and cover the wires. Lay the platform upside down on a flat surface
and paint the bottom. Be sure to let it dry before you continue.

Step 6
Take a 3/8" rubber grommet and insert it into the 1/2" hole that you
widened.

Step 7

Take four 6-32 3" machine screws and insert them into the four holes
you created for the multipurpose PC board. Use four 6-32 hex nuts to attach
the screws. Tighten the nuts.

Step 8

Take a 1" 4-40 machine screw and attach a hex nut. Slip on a #4 lock
washer. Now take that screw
and insert it into the new 1/8"
- support hole from the top.
Attach with a second hex nut
from the underside of the plat-
form as shown in Figure 3.
(Your platform should look
like the one in Figure 3.)

Step 9

Another enhancement |
made was to use 1/2" stand-
offs instead of just machine
screws. This allows you to
remove and attach the devel-
opment board without the
removal of the platform.
e As shown in Figure 4,
take four 1/4" 4-40 machine
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Kronos Crawler

washer on each one. From the bottom of the platform, insert the machine
screws into the four development board holes on the platform. Take the four
standoffs, attach them to the screws, and tighten firmly in place.

Step 10

Reattach the platform to the Crawler base using the two 10-24 Acorn
nuts. Be sure to feed the moter wires through the grommet. At this point,
your Crawler should look like the one in Figure 4.

Step 11

Reattach the development board to the four standoffs with four 1/4" 4-
40 machine screws.

That's it for the modifications. Now with very little effort, we can add
extra boards to free up our development area.

Contact Bumpers

The contact bumpers consist of two switches with mounting hardware
configured in such a way that if the Crawler bumps into anything from the
front, we can detect it.

We start with two snap action lever switches. The ones | used have a
2" lever. We are going to attach a 7" piece of piano wire to each lever. We
will use some heat shrink tubing for this. The tubing will also keep the wire
from scratching any delicate surfaces the Crawler may come in contact
with.

Take a 3" piece of the 1/16" red shrink tubing and slip it over the piano
wire. Leave about 1/4" excess tubing on the end. Heat the tubing and twist
the excess on the end to a point as shown in Figure 6.

Now slip a 6" piece of 1/8" shrink tubing over the lever of the switch.
Work it all the way to the bend in the lever as shown in Figure 7. Don't heat
the tubing yet.

As shown in Figure 8, slip the non-covered end of the wire into the tub-
ing so that it slides along the top of the lever. The wire should be flush with
the bend in the lever. Heat the tubing now to secure the wire in place.

It is time to attach the wires to the switch. | prefer to use colored wire
so that | can figure out which switch is which once everything is installed.

Referring to Figure 8b, start by connecting a 13" brown or black wire to
the common lead of each switch. This connector is marked COM on most
switches. If it’s not marked on your switch, you will have to use a voltmeter
to find this lead.

Next, connect a 13" yellow wire to the normally open lead on one
switch and a 13" orange wire to the normally open lead on the other switch.

Figure 5

Solder in place and slip a 1" piece of 1/8" shrink tubing over the lead and
heat.

As shown in Figure 9, attach the right bumper switch (yellow wire). Use
two 3/4" 4-40 machine screws and #4 lock washers. Attach the left switch
using two 1" 4-40 machine screws and lock washers. On the left switch, you
should also use two 1/4" spacers between the switch and the platform. This
helps keep the two bumpers from interfering with each other.

Run the wires up through the grommet. You can use the support screw
we put in place earlier to help with the routing of the wires. Make sure they
are up against the bottom of the platform and not rubbing on any of the
tracks. If necessary, use a bit of tape to hold the wires in place.

Hook-up

Let's start by reconnecting the motor controller.

| wired up the SN754410 to a multipurpose board as shown in Figure
10. If you mount the SN754410 on one end of the board, it leaves room for
enhancement later. | will be offering a serial controller for the SN754410 in
the future so you only need one pin to control your motors. Also notice in
Figure 10 that | added a small switch. This switch is completely optional,
but it does allow me to turn off the motor power source without pulling
wires.

Figure 11 shows a complete schematic of the current Crawler configu-
ration. It even includes a few CDS cells that we will be using in a future arti-
cle.

At this point, | need to make a few points. Many of the pin assignments
on the Atom have been changed. | did this to exploit another feature of the
microcontroller.

The Atom has two PWM sig-
nal generators, and even though
both use the same timing cir-
cuitry for the frequency, they
both can have separate duty
cycles. This allows control over
the individual tracks on the
Crawler.

Why would you want to do
this? No two motors are exactly
alike. You may find that the
Crawler slowly pulls to one side
or the other when it travels in a
straight line. By tweaking the
left or right track, we can cor-
rect this.

With the motor controller
mounted on a multipurpose
board, we are ready to mount it
on the mounting screws. Before
we do this, we need to add a
1/4" spacer as shown in Figure
12.

In Figures 13 and 14, you
can see my controller board
and battery placement. The
headers make it very easy to
wire the board without solder-

Figure 8
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Kronos Crawler

ing.

Figure 15 shows the Crawler with a second base mounted on the top of
the mounting screws. This gives you lots of room for expansion and exper-
iments.

The Program

This program was designed to reflect the modifications we made to the
schematic, so you will notice the motor controller definitions have changed.
The IR routines now also reflect the new lead we are using there.

As far as additions go, we have added a checkbumpers routine that will
stop the motors if either bumper comes in contact with an object while the
Crawler is moving forward.

The extra PWM generator code has also been added to each of the
speed subroutines. Tweak these as necessary if your Crawler drifts to the
right or left.

For instance:

HPWM 1,10000,9900 : Return 'Left track
HPWM 0,10000,10000 : Return 'Right track

will cause the Crawler to very slightly drift to the left.

HPWM 1,10000,10000 : Return 'Left track
HPWM 0,10000,9900 : Return 'Right track

will cause the Crawler to very slightly drift to the right.

One last addition was a small routine that will place the Crawler into a

search mode. You enter this mode by hitting the #9 on the remote.
The Crawler will move forward until it encounters an object, then will
back up and turn to move forward again.

In Closing

| started using rechargeable batteries and | feel a word of caution is
needed. Rechargeable batteries can put out quite a bit of current all at once
and easily start a fire if shorted out. This is one of the reasons | installed the
switch to remove the motor power.

| have also used two four-cell battery holders for this project. This is a
total of eight batteries. With rechargeable batteries at 1.2 volts each, that's
9.6 volts. With 1.5 volt drop across the motor controller, that gives us 8.1
volts, which is a bit more than the six volts the motors are rated at. By low-
ering the duty cycles, we can compensate for this.

What’s Next

More sensors.

NV

For updates and
enhancements, be
sure to visit the

Kronos Robotics
web site at
www.kronos
robotics.com
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Program Listing |

IR Settings

devicecode var byte
cmdcode var byte

‘Holds the pulse width of the current bit under test
bitvalue var word

'Holds the divisor for testing the width of each pulse
levell value var word

'In this case |200ms or longer will be a high state
levellvalue = 1200

'We will devide bitvalue by levellvalue to determine
' if bitvalue is less than \250 (high state pulse width value).
'If it is then the bit is 0 other wise its |.

' By using some simple integer math | can still scan each
' bit in time for the next. Had | used an IF statement
" we would eat too much time between pulses in the stream.

'We use this as a form of IR indication
output 8 'LED
output |15 "Piezo alarm

: Motor Settings

'+-—--— Sets up the constants for the motor controller
M2inputA Con 12
M2inputB Con |1

MlInputA Con |4
MlinputB Con 13

'--——— Setup the ports for motor controller
Output M InputA
Output M| InputB

QOutput M2InputA
Output M2InputB

'eeseeees Setup the initial speed
gosub CrHigph

main:
gosub checkbumpers
gosub getsonycode

'--—Time out (no key pressed)
if devicecode = 0 and cmdcode = 0 then
osub Crsto)
low 8 "Turn indicator off
goto main
endif

high 8 "Turn indicator on
‘-~ Reverse —-—
if cmdcode = 17 then 'CH -
gosub Crrev
endif

‘e Forward -—-
if emdcode = |6 then 'CH +
gosub Criwd
endif

'—- spin left -—
if cemdcode = |9 then Vol -
gosub Crlspin
endif

'---- spin Right -—-
if emdcode = |8 then 'Vol +
gosub CrRspin
endif

if emdcode = | then
gosub Crlow
gosub beepl
endif

if cmdcode = 4 then
gosub Crmed
gosub beep?
endif

if emdcode = 7 then
gOSul; Crhigh

osub bee

Endif ¥

if emdcode = 8 then
gosub searchmode
endif

Goto main
checkbumpers:

‘see if ether bumper is pressed
ifin7 = 0 oriné = 0 then

'If ether motor is moving forward then stop

if (inl4=1 and in13 = 0) or (inl |=1 and inl0=0) then
gosub Crstop
gosub beep|
endif
endif

return

! Simple Piezo sounds

high 15
Fause 50
ow |5
pause 50

beepl:
high 15
ause 50
ow |5
return

searchmode:

"Test right bumper
if in7=0 then
gosub Crrev
pause |000
gosub Crlspin
pause |000
endif

"Test left bumper
if in6=0 then
gosub Crrev
pause 1000
gosub CrRspin
pause 1000
endif

gosub Crfwd

goto searchmode

" This is the main IR routine
" It populates cmdcode and
: devicecode variables

GetSonyCode:

'Clear the Irbits

devicecode=0

cmdcode=0

getstartbits:

"We have to clear the variable used with the pulsin command

as
* the Atom will not clear the variable if it times out.
bitvalue =0

devicecode.bit2 = bitvalue/level | value
pulsin 0,0,bitvalue
devicecode.bit3 = bitvalue/level | value
pulsin 0,0,bitvalue
devicecodebit4 = bitvalue/level | value

retum
0

' Motor Routines

' Speed routines
"You can tweek the left and right tracks if
* find the crawler pulls to left or right.

Crlow:

HPWM |[,10000,7500 : Return ‘Left track
HPWM 0,10000,7500 : Return 'Right track
return

CrMed:

HPWM 1,10000,8000 : Return 'Left track
HPWM 0,10000,8000 : Return 'Right track
return

CrHigh

HPV%/M 1,10000,10000 : Return 'Left track
HPWM 0,10000, 10000 : Return 'Right track
return

' Crawler movement routines
i\

Crwd:
gosub rfwd : gosub Ifwd : return

Crrev:
gosub rrev : gosub lrev : returmn

Crlspin:
gosub rfwd : gosub Irev : return

CrRspin:
gosub rrev : gosub Ifwd : retum

Crstop:
gosub loff: gosub roff : return

Motor Routines

ferrmeeee—| eft Motor (MI)

Lfwd:

High MIInputA : Low MlInputB : Return
Lrev:

Low MIInputA : High M1InputB : Return
Loff:

Low MlInputA : Low MlinputB : Return
‘- Right Motor (M2)

Rfwd:
High M2inputA : Low M2inputB : Return

Rrev:
Low M2InputA : High M2InputB : Return

Roff:
Low M2inputA : Low M2InputB : Return

Pulsin 0,0,bitvalue | items listed bel available from
if bitvalue = 0 then The Pal.ts KronosNRobcnt‘;:s;m.h?n::mboﬁmm
er‘:ﬁ%‘"‘ Motor Controller

Item  Qty Description Part #
if bitvalue < 2000 then getstartbits al 2 SN754410 #MDR1
. - JP1-JP2 2 12-pin female header #H3
‘A;d misgfg;gt) we are ready to get the command | §1 ! SPDT #S8TOG
e 2 : S >
pulsdin &O.b;tméa[ue‘ e, PCB 1 Multipurpose printed circuit board #PCB1
cmdcode.bitO = bitvalue/level | value
pulsin 0,0 bitvalue Item Oty Description Part #
cmdcodebit| = bitvalue/level | value az 1 Atom #ATM1
pulsin 0,0,bitvalue IR1 1  Vishay IR Module #IR2
cmdcode.bit2 = bitvalue/level | value 1 Atom development board H#ATM3
pulsin 0,0 bitvalue CDS1-CDS2 2 Photocells #PC2
cmdcode.bit3 = bitvalue/level | value R1-R6 & 10K Resistors Hresiators
pulsin 0,0,bitvalue Pzl 1o Piaraials ¥PZ1
cn’}c!cogg.lg_rt‘f = bitvalue/level I value c3 1 4700F Ca’g;cmr HCAT050
puisin 0,0,bitvalue =<k & :
cmldcogs.gns = bitvalue/level | value LED1 } DI--EDi Hwitl:s l:lt(egraded resistor :HLEDSD?;!’R
pulsin 0,0,bitvalue p Heatsil
cmdcode.bité = bitvalue/level | value 1 9V bat. connector w/pwr connector #CO5

1 Four cell C battery holder #BHA4C

"Now lets get the device code (5 bits) L e iy b
pulsin Ofibibvae. . Hardware 1 Cragjgteaf?:rdware Kit for Platform #KCHWK1
gﬁf;ﬁfﬁf’&_’ S&?ﬁue_ il ) Bumper Kit 1  Complete Bumper Kit for Crawler #KCBK1
devicecode bit] = bitvalue/level | value 1 Crawler Platform #RB2
pulsin 0,0,bitvalue 1  Sony Compatible Remote Control #RMT1
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Las

by Stanley York

ght

n this series of articles, we
have covered many different
laser types, and looked in
some depth at how some of
| these lasers operate and are
used. If you hadn't guessed it
already, most of my laser career
has been with industrial laser sys-
tems. | have worked on a few scien-
tific laser projects, and a few SDI-
related projects and they are, of
course, much more demanding. In
terms of stability, mode structure,
and service repeatability anyway.
This month, 1 want to introduce
another laser type — one we haven't
discussed yet.

Pulsed lasers

All the lasers we have dis-
cussed so far in this series have had
one thing in common: they all use
a continuously excited medium.
That is, a continuous discharge
through the lamp or gas mixture.
The type | want to discuss this
month does not use continuous
excitation by arclamp or high-volt-
age discharge through a gas to
excite the laser medium, but
instead uses a pulsed excitation
source. The excitation source could
be a high-voltage discharge
through a low-pressure gas, or else
a flashlamp. Not the kind of flash-
lamp you would take on a camping
trip, but a high voltage, high current
Xenon flashlamp. This kind of lamp
is rather like an overgrown version
of a camera flashlamp, and uses
essentially the same technology to
charge and discharge.

Lasers of this type have very
high round-trip gain characteristics,
and can produce enormously high
peak power output — not just in
tens of kilowatts as | described in
the laser marker article last month
— but in megawatts, gigawatts, and
even terawatts! Mega = 106, Giga =
109, and Tera = 1012.

| was looking around the inter-

net while researching some infor-
mation for this article, and found a
very good website showing many
high power pulsed laser system set-
ups. The page loads about 7Mb of
photographs and sketches, so
you'll have to be patient. The URL is
http://home.achilles.net/~jtalbot/hi
story/laserimages.html. Most of
these images are taken from
research labs around the world, and
give you some ideas as to how
enormous and complex some of
these laser systems are.

I'll explain how these high pow-
ers are possible soon, but first let’s
go back in time a little, and take a
look at the first laser ever made.

The first laser to be demon-
strated anywhere in the world, was
developed at Hughes Labs in 1960,
and used a synthetic ruby crystal
as the lasing medium. (Actually,
the lasing medium was chromium,
the synthetic ruby was made from
aluminum oxide, and was the host
material.) It was a pulse-pumped
system, excited by a helical flash-
lamp, as shown in Figure 10-1. The
ruby rod was held concentrically in
the flashlamp as shown, and one
end was completely silvered, and
acted as the fully reflecting mirror.
The other end was only partially sil-
vered, and acted as the output mir-
ror. Silver was used because it was
a good broadband reflector of all
visible wavelengths.

The flashlamp was triggered by
a high-voltage generator through a
spark gap, discharging a high-volt-
age capacitor through the lamp.
The trigger pulse was fired into the
trigger electrode shown between
the lamp and the rod; the electric
field crossing the lamp was suffi-
cient to initiate the discharge. When
the flashlamp fired, the capacitor
discharged very quickly through
the lamp (on the order of about a
millisecond). The resulting flash
caused a rapid population inversion
in the chromium atoms, and effect-

Lamp supports .

Figure 10-1 This drawing shows the basic arrangement of the first
laser demonstrated — a pulsed Ruby system.
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ed a very high round-trip gain in the
resonator (between the mirrored
ends of the rod).

There were no standard ways
of measuring pulsed laser energy at
this time (1960), and so a
makeshift 'standard' was intro-
duced to rate laser energy. If a laser
could penetrate a razor blade in one
shot, it would be rated at one
Gillette. If it could penetrate two
blades in one shot, it would be rated
at two Gillette, and so on.
Eventually, of course, a more reli-
able and traceable standard was
devised to measure pulsed laser
energy. The unit of energy is the
Joule, named after James Prescott
Joule, the noted English scientist
and inventor. Joule did much of the
research to link heat with work,
power, and energy. The Joule is
equal to one watt acting for one
second, and is roughly equal to
0.24 calorie. When calculating the
peak power of a laser pulse, it is
customary to measure the laser
energy in Joules, measure the
width of the laser pulse in seconds,
and divide the energy by the time to
get the peak power.

As an example, suppose we
have a pulsed laser system that
emits a 200mJoule pulse, and we
measure the pulse width at 10
uSeconds at the FWHM (Full
Width, Half Max) points. Now divide
the energy by the time to get the
peak power. So,

0.20/10 x 10-6
20,000watts

Thus, it is relatively easy for us
to generate very high laser power
levels, if we can do it in a short
enough time period. Later in this
series, | will describe a couple of
simple pulsed laser systems that
anyone may build. With them, you
may be able to produce enough
energy to penetrate a couple of
razor blades (one or two Gillette).

| will warn you now though, that
the power supplies we will be build-
ing for these lasers are lethal, and
anyone not familiar with the dan-
gers of working with high voltage
should not attempt to build them.

These days, there are many
ways of measuring laser energy,
and one method that is popular
now is the thermopile. In this
device, a blackbody absorber (see
sidebar) is placed in intimate con-
tact with a simple thermopile.
When the pulsed laser beam hits
the blackbody, the energy is con-
verted to heat that then warms the
thermopile. The small voltage dif-
ference between the sides of the

thermopile is amplified and cali-
brated as input energy in Joules
(J), millijoules (mJ), microjoules
(1J), and even picojoules (pJ).

Laser amplifiers

Pulsed laser systems lend
themselves very well to amplifica-
tion of the output beam. How it
works is this: A conventional pulsed
laser oscillator is aligned so that the
output beam enters an upcollima-
tor. | briefly mentioned these early
in this series of articles, but in case
you missed it, an upcollimator is
essentially a telescope, but used in
reverse. Instead of the light entering
the larger lens (as in a convention-
al telescope), the laser light is pro-
jected through the smaller lens. On
its passage through the telescope
(sorry, upcollimator), the beam is
expanded by the lenses. It then
passes through the amplifier stage,
where the pulsed energy delivered
to the amplifier rod may be added
to the oscillator beam. Normally,
the amplifier stage of a laser sys-
tem is larger in cross-section than
the oscillator, and is therefore
pumped much harder. The upcolli-
mator serves to expand the pri-
mary beam so that the maximum
volume of the amplifier medium is
used. This ensures that the maxi-
mum energy can be extracted from
the amplifier. See Figure 10-2 to
see how this arrangement looks.
Further amplifier stages may be
added as indicated in some of the
photos and drawings show in the
website mentioned earlier.

Q switching

Amplifiers are one way to
increase the energy output from a
laser system, but in doing so, con-
sume a lot of energy. If the goal is
to achieve higher peak power with-
out necessarily increasing the ener-
gy, another technique — 'Q' switch-
ing — is the method most often
used.

If you are a regular reader, you
may remember | discussed 'Q’
switching in last month’s article on
laser markers. In that application, a
quartz block is made to physically
vibrate within the CW laser reso-
nant cavity, thereby producing a
physical interruption to the beam
similar to a mechanical shutter
(this process is known in laser cir-
cles as an AO Q-switch). During the
'closed' period of the cycle, energy
in the laser rod rises to above the
normal CW level. Laser action can-
not take place because the shutter
is closed. When the shutter opens



briefly (10 pSec), the high gain in

Sofely Shutter
the laser rod causes the release of a )

; )
Rear mirrat (100%] /' Front Mirror {20-50%)

giant pulse of laser power, dumping /ogc”,aw s / Upcolmator
most of the built-up energy into a / A e s Amplifier head
single pulse, lasting about 50- / / _,/l P s T - Figure 10-2 This
150nSec. The peak power reached ¥ 7 # P 4 / drawing shows the
using this method may reach sever- | basic arrangement
al tens of kilowatts. =9 it I (O Hops of an oscillator-

In the pulsed laser, such a 'Q' amplifier set-up.
switch would be unsuitable. The | I
rise time of the shutter is too slow, =

and is difficult to synchronize the
opening of the 'shutter' to the high-
est peak on the rod pumping cycle.
The method of choice here is to use
a different kind of 'Q' switch, known
as an EO @-switch (Electro-optic Q-
switch) and sometimes called a
Pockels cell or EO modulator. See
Figure 10-3 for the laser layout
using a Pockels cell.

In the Pockels cell, the 'shutter’
effect is done through polarization
switching, rather than physically
blocking the beam, and is conse-
quently several orders of magni-
tude faster than AO-Q switching.
The Pockels cell is a block of mate-
rial that exhibits a different refrac-
tive index when a voltage is applied
across it. In other words, under con-
ditions of zero voltage, the material
has a certain refractive index.
However, when a bias voltage is
applied across the input and output
faces of the block, the refractive
index assumes a different value.
For an unpolarized input beam,
there will be little change in the out-

put. For a linearly polarized beam, A Pockels celt

however, it is a different story.

Some time ago, | discussed polar- T

ized laser beams, | hope you =N e ki

remember some of that because Pelarizer orientation is vertical

here it is again!

In a polarized laser beam, the
electric and magnetic fields are
mutually perpendicular to the plane
of propagation. If such a beam were
passed through an activated Pockels
cell, the plane of polarization would
be rotated in accordance with the
crystal material, the applied voltage,
and the wavelength of the laser
beam. It is important to note that dif-
ferent wavelengths require different
excitation voltage across the cell to
affect the rotation in polarization. As
an instance, the half wave voltage for
a linearly polarized laser beam of
546.1 nM (Green) is around 2.9-
3.4kvolts for a KD*P (Potassium
Dideuterium Phosphate) crystal.
There are other crystal types used
for Pockels cells, but KDP allows the
use of lower voltages. See Figure 10-
4 for an explanation of the layout of
a laser cavity containing a Pockels
cell.

In Figure 10-4, the laser cavity
is equipped with the normal laser
components, plus two polarizer
crystals (1 and 2), and an EO Q-
switch. Here, the two polarizer crys-
tals are arranged on either side of
the Pockels cell, with their polariza-
tion axes vertical. With an unmodu-
lated Pockels cell (no bias voltage
applied), the laser will emit a pulse
of laser light with the electric field
vertically polarized. Being unmodu-
lated, the Pockels cell will exert no
influence on normal laser action,
and the beam is able to pass

Optical rail”

P

Linear pelarizer 7

/ S A

_Safety shutter
Loser beorn

Figure 10-3 This
drawing shows a
typical arrangement
of a pulsed laser
equipped with a

] Pockels cell “Q"
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Figure 10-4
This drawing
illustrates the

Rear “mirror

mechanism of
Pockels cell
operation.

through unchanged. The two polar-
izer crystals will strongly polarize
the exiting beam, so that the output
beam is vertically polarized.

If a bias voltage is applied to
the Pockels cell, it will cause trans-
mitted polarized light through the
cell to be rotated according to the
wavelength of light, the material
used for the Pockels cell, and the
applied voltage, as mentioned
above. A potential of about 3,000
volts DC across the faces of the cell
will cause a rotation of 90" in the
polarization axis of 546nM light in
the green part of the visible spec-
trum. If the beam is intercepted by
a second polarizer, as in the case
illustrated, the beam will be attenu-
ated because the polarization axes
of the beam and the polarizer are
different. Remember when 1 dis-
cussed polarization a few months
ago, | suggested an experiment
where crossed polarizer plates can
block light passing through? Well,
here is an application that uses that
principle.

In the lay-out illustrated, the
light leaving the rod and entering
polarizer 1 has its electric field ori-
ented vertically. On passing
through the biased Pockels cell, the
electric field is rotated through 90°.
Since the electric field is now hori-
zontal, it cannot pass through the
second polarizer without being dra-
matically attenuated. Thus, by

introducing this lossy element to
the cavity, laser gain is reduced to
the point where normal laser action

cannot take place because of the |

low round-trip cavity gain.

During a laser firing, the bias
voltage is held on the Pockels cell
to prevent laser action. At a critical
point in the lamp discharge, the
bias voltage is reduced to zero,
allowing very high gain in the cavi-
ty, and producing a gigantic laser
pulse of much shorter duration
than would normally be provided.

Normal flashlamp times vary
around one millisecond or so, and
in normal laser action, this would
result in a laser pulse of somewhat
shorter duration (perhaps 500-800
1Sec). If the EO Q-switch is fired at
the proper time, a pulse of perhaps
25-50nSec is possible, with peak
power levels greatly exceeding one
megawatt! Figure 10-5 shows the
general form of a conventional
laser pulse, with a Q-switched pulse
superimposed on it. MNote the
scales used to indicate the normal
mode pulse and the Q-switched pulse.

It is customary to trigger the
EQO Q-switch shortly after the laser
pulse reaches its peak in power out-
put (or where it would be if it were
allowed to lase normally). The trig-
ger point is usually synchronized to
the leading edge of the lamp firing
pulse, and the delay time deter-
mined by experimentation. The

optimum output is normally met
when the output beam reaches a
peak in power output, and this cor-
responds roughly with the shortest
pulse time.

In the graph shown, the lamp is
fired at T = 0. The lamp begins to
discharge the capacitor, and reach-
es a peak in intensity at T = 250
pSec. During the discharge, the
laser energy starts to build up in the
rod, and normally would produce
an output beam that followed a sim-
ilar curve to the flashlamp enve-
lope. Thus, the peak output would
occur at roughly the same time as
the lamp peak. In the Q-switched
mode, the laser is prevented from
issuing a beam until the rod is fully
saturated in upper level electron
activity. When triggered, the laser
gain goes from zero to high gain in
a few nanoseconds, releasing the
built-up energy in the rod as one
giant pulse of laser light. Peak
power levels can easily reach sever-
al tens of megawatts for a short
time, until laser energy is depleted
from the rod. For the type of laser
discussed here, typical Q-switched
pulses range from a few nSecs up
to 100nSecs.

There is a lot more | would like
to tell you about these pulsed
lasers, but I've used up all my space
again, so | guess I'll save it for later.
In forthcoming columns, | will be
describing other pulsed lasers, and
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blackbody absorber is a device
that will absorb all radiation

Flashlamp pulse
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100 MS/s
Scope

Use your PC as a scope and datalogger!

Parallel Port Scope Environmental Logging DRDAQ for PCs
spectrum analyzer, and digital multimeter record temperature, humidity, etc. sciencelogger with sensors

. $99 = $799 Uss 499.-

Options

Wittig Technologies, Inc.

266 East Meadow Avenue

East Meadow, NY 11554

Phone (516) 794 4080, Fax (516) 794 1855
www.wittigtechnologies.com

ADC Virtual Instruments turn your PC or laptop | ENVIROMON - temperature (thermistor), P is a -F’C ar-iapte;-'
into a sophisticated storage scope AND spectrum | humidity & light sensors, door position, etc. jwith sensors for light, pH,
analyzer AND multimeter. Display simultaneously | Record for 365/24 without a PC even if power Jvolts and temp. Great for
on large screen! 100MS/s 8-bit or 1.2MS/s 12-bit or | fails. Monitor 30 sensors 400 yds away. With |science fairs! Supplied with
333kS/s versions. Great for schools, test depts, ete. | cables and easy software. Remote audio [ready-to-run software and
Input to Excel! LabView/NT drivers included. alarm. Use TC-08 for most thermocouples. lots of physics/chem exp'ts.
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Subschibe today!
Call toll-free at 1-800-

Download FREE demo software. Sales only: 1-888-7SAELIG lc O
www.saelig.com 716-425-3753 » -3835 (fax) saelig@aol.com R,.,,;,,g., Limited ®

783-4624-or go online at

Stocked in NY by Saelig Company: Virtual Instruments, 12C and embedded controllers, BITlink 2-wire M Waffj.
networks, RS232/422/485, CANbus, etc. See www.saelig.com for Product of the Month!
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Classifieds

NEW ICOM IC-V8 VHF 5.5W handheld
with full keypad, CTCSS/DCS
encode/decode, tone scan, | |00mAh battery
and charger + optional battery case $199.99.
Easy modification for full TX 136-174MHz.To
order call 1-800-977-0448 or visit
hrep:/iwww.nsiradio.com/

2.4GHz ATV — B channel TRANS-
MITTERS AND RECEIVERS. 35mW
output power, | video channel, 2 audio. SMA
connectors. NTSC/PAL compatible. Includes
1/4 wave rubber duck antenna. Standard fre-
quencies are: 2398, 2405, 2412, 2416, 2420,
2428, 2435, 2442 MHz. Custom frequencies
are available. See ad in this section for power
amplifier. $79/each for transmitter.
$79/each for receiver. EzATV. Visit
our web-site for dealers or order on-line at
www.4atv.com

1.2GHz ATV — 8 channel TRANS-
MITTERS and RECEIVERS. 75mW
output power, | video channel, 2 audio. SMA
connectors. NTSC/PAL compatible. Includes
| /4 wave rubber duck antenna. Standard fre-
quencies are: 1250, 1255, 1260, 1265, 1270,
1275, 1280, 1290 MHz. Custom frequencies
are available. $79/each for transmit-
ter. $79/each for receiver. EzATV.
Visit our web-site for dealers or order on-
line at www.4atv.com

2.4GHz POWER amplifier with power
supply. 10-40 mW input, | (one) watt output
with in-line SMA connectors and built-in
heat sink. Approx. 2" x 2" x 5/8" size.
Frequency range 2.3GHz-2.5GHz.
$189/each. Compatible with all ATV prod-
uct lines. See our website for more info on
accessories and transmitter and receiver
modules. EzATV. Visit our web-site for deal-
ers or order on-line at www.4atv.com

COMMUNICATION RECEIVER
lcom-ICR3 #05225, operator manual, service
manual, 7 months old, works perfect. Make
offer to Daniel 707-984-8796 |0am-10pm
Pacific Time.

SATELLITE TV. Complete selection of C
& Ku band equipment,
WWW.DAVESWEBSHOP.COM

w J. )
SUPER HIGH GAIN |4 dbi flat antenna
with N or SMA connector tuned for 2.3-2.5
GHz. Use with 2.4GHz ATV 8 channel trans-
mitter or receiver. $179/ea. SPECIAL
PRICE. EzATV.Visit our web-site for dealers
or order on-line at www.4atv.com

—_—

BATTERIES/
CHARGERS

THE SMART BATTERY CHARGER
for lead acid or gel cell batteries. Can be left
connected to the battery INDEFINITE-
LY, will not overcharge! Standard kit is 12V
@ | amp.This kit is 100% complete. For the
kit order #150-KIT at $59.95. For an assem-
bled and tested unit, order #I50-ASY at
$79.95. CA residents add 7.75% sales tax.
Add $6.50 per unit shipping. MC/VISA
accepted. A&A Engineering, 2521 W. La Palma
#K,Anaheim, CA 92801.714-952-21 14, FAX
714-952-3280. www.a-aengineering.com

CcB —

SCANNERS

CcB MODIFICATIONS! Freq-
uencies, books, kits, high-perfor-
mance accessories, plans, repairs,
amplifiers, [10-meter conver-
sions. The best since [976!
Catalog $3. CBCI, Box 30655NV,
Tucson, AZ BS751.
www.cbcintl.com

240+ CHANNEL CB/HAM/FRS/COM-
MERCIAL radios: AM/FM/SSB/CW export/
domestic; RCI, TEKK, Motorola, Uniden,
Cobra, Alinco, Kenwood. Mics, antennas, lin-
ears, meters, mod books, manuals, schemat-
ics, night scopes, and tons more stuff!
Catalog $3. MAXTECH, Box 8086, New
York, NY 10150. 718-547-8244. www.penny

circus.net

COMPUTER

HARDWARE

NewComputer.com COMPARES
prices and detailed product specifications
from top online sellers. Visit
NewComputer.com to save time when
shopping for new computer equipment.

VGA DISTRIBUTION AMPLIFIER
made by Extron Electronics. Model P/2 DA 6
Plus. Drives up to 6 other monitors or LCD
panels from one source. New in the box $75
each, 10 pes. available. Call Roger @ GS&E,
585-338-7001.VISA/MC,

DATA ACQUISITION: This very com-
pact and low-cost kit will allow virtually any
PC to be used for quick and easy data acqui-
sition and control. It connects to any stan-
dard parallel printer port, and despite its tiny
size provides eight analog inputs, four digital
inputs, and four digital outputs.
www.electronickits.com

DEC EQUIPMENT WANTED!! We
are buying DEC systems, boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), CMD, Datability, Dilog, DSD,
EMULEX, other DEC compatibles. Please
contact us for a quote or fax/email your
equipment list. We buy, sell,and trade. KEY=
WAYS, INC, 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com

RSN D
VGA TO COMPOSITE (NTSC) VIDEO
CONVERTER — ULT-2000. Handheld.

Powered from keyboard with S-video and
RGB outputs, too. 3:1 zoom control with
many extras. $99/ea. Matco, Inc,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visit/order on-line at
WWW.Matco.com

EVERYTHING NEW w/warranty! Best
prices. Motherboards with CPU 900MHz
§$145, custom configured systems. Pentium Il
systems $199. Pentium Il systems $349.
Modems, multimedia kits $29, scanners,
monitors, cases, $20. Hard drives to 200
gigabytes. 540 megabyte $15. Call 714-778-
0450. Email: cci@surfside.net

900MHz AMD Duron comput-
er system. 20 gigabyte hard drive,
52X CD-ROM drive, |128MB memory,
64MB video, 2 USB ports in back and 2 in
front, LAN, 56K modem/voice/fax, sound,
speakers, keyboard, mouse, ATX case,
many FREE applications, 2 year warranty!
$369. Visa/MasterCard/Amex/Discover,
order toll free |-877-882-0431, or online

www.saveware.com

PLAY BACKUP COPY of Sony
Playstation CD. Plug-in GAME
ENHANCER $25 or solder-in mod-chip
$15! You don’t need the original to play
backup! Sony PlayStation 2 plug-mod $49.
Visa/MasterCard/Amex/Discover,
order toll free |1-877-882-0431,
www.saveware.com

COMPUTER

SOFTWARE

CAM & MOTION SW/HW: NC Z-trace
PCB tool path. Plotcam motion control.
http:/fwww.ddt-us.com

KEYSTROKE LOGGER: This new soft-
ware hides in the background on your com-
puter allowing you to view what other peo-
ple have been doing on the installed com-
puter. Great for monitoring the children or
the wife. www.spousewatcher.com

DEGREE ON A DISK!

EM FORMULARY
500+ formulas, conversions,
and tables. Electronics,
science, math. Practical,
educational, and easy to use.
Internet Special $19.95 +
tax/ship. Now with PSpice
examples. Order online,
more info and sample screen
at our web site.

ELECTRO SCIENCE APPLICATIONS
(310) 541-1862

www.esap.com

LIQUIDATION WINDOWS
95/98/2000, Office suites $10-69. Windows
companion $5. Windows tutorials $5,
Norton bonus PACK $15. 714-778-0450.

FREE!"! CD-ROM and software disk cat-
alog. MOM ‘N’ POP’S SOFTWARE, PO
Box 15003-N, Springhill, FL 34609-0111.
352-688-9108. momnpop@gate.net

e i

e I O = I
WWW.SCHEMATICA.COM FOR pro-
fessional freeware and shareware. Active and
passive filter design, 555 designer, linear sim-
ulators.

COMPUTER

EQUIPMENT
WANTED

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales
literature. Floyd, VA 24091-0341 (540-763-
3311/540-382-2935).

DEC EQUIPMENT WANTED!! We
are buying DEC systems, boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), CMD, Datability, Dilog, DSD,
EMULEX, other DEC compatibles. Please
contact us for a quote or fax/email your
equipment list. Ve buy, sell, and trade. KEY =~
WAYS, INC,, 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com

TEST

EQUIPMENT

A-COMM ELECTRONICS: we buy and
sell test equipment. htep://www.a-comm.com
11891 E. 33rd Avenue, Aurora, CO 80010.
Tel: 303-341-2283, fax 303-341-2293.

Nuts & Volts Magazine/Marcn 2002 51



KENTRONIX TEST EQUIPMENT
SPECIALS. Check our WEB site at
http://www.kentronix.com for
monthly specials.VWe are also looking to buy
test equipment, coaxial and waveguide com-
ponents, manuals, etc. Contact Brian at 732-
681-3229 or FAX 732-681-3312. E-Mail:
brian@kentronix.com

DEC EQUIPMENT WANTED!! \We
are buying DEC systems, boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), CMD, Datability, Dilog, DSD,
EMULEX, other DEC compatibles. Please
contact us for a quote or fax/email your
equipment list. We buy, sell, and trade. KEY=-
WAYS, INC, 937-847-2300 or fax 937-
847-2350 or email buyer(@keyways.com

POCKET TESTBENCH, inexpensive
RS-232 virtual instrument, with oscilloscope,
logic analyzer, counter, and generator modes.
New WST-100. www.oricomtech.com

CHECK OUR growing line of audio test
instruments: data sheets, user guides, soft-
ware. TDL Technology, Ine.,
www.zianet.com/tdl.

GIANT DIRECTORY ONLINE: Over
500 dealers in used test equipment, used
semiconductor production equipment, sur-
plus lasers, optics, vacuum equipment, etc.
Test equipment auction and rental sites, US
and foreign dealers, manual dealers, too!
No registration or cookies.
www.big-list.com

CABLE WIZARD Universal CableMeter
& Fault Locator™, Model 321 quickly mea-
sures “open” length on most coax, twisted,
semi-twisted, single-pair and multi-pair cable,
on spools, in boxes, or already installed, also
measures distance to “open” faults. For fur-
ther information write or fax CABLE
DYNAMICS, PO BOX 34594, Phoenix,
AZ 85067, fax 623-931-6262.

USED TEST equipment sale specials.
Equipment on sale. Check this page to see
what equipment we are offering at our low-
est prices! www.calibration.com Instrument
Repair & Rental Labs, Inc., |-888-573-5468.
Colorado  303-469-5335. Mail to
sales@testequip.com

FEITEK PROVIDES repair, calibration
and traceable certifications of test equip-
ment. Free estimates. We buy, sell and trade
all makes of test equipment. Visa and
MasterCard accepted. Check out our inven-
tory and specials at WWW.FEITEK.COM
2752 Walton Road, St. Louis,MO 63114, 314-
423-1770.

ETHERNET CABLE tester. The
Mapper8 provides complete connectivity
testing of 8-wire modular cables as well as
other cables. Displays both a quick pass/fail
indication as well as details on how the cable
is wired or mis-wired. Easy to build kit or
assembled. www.a-and-t-labs.com

SECURITY

ALARMLAND.COM SECURITY
devices for professionals. Motion detectors,
panels, contacts, CCTV, and more. Fax your
order to 732-840-1390.

SURVEILLANCE-COUNTERSUR-
VEILLANCE: | buy and sell used equip-
ment. Steve 40-879-4035.

KEYSTROKE LOGGER: This tiny piece
of hardware installs between your keyboard
wire and computer in seconds. Then it logs
all keystrokes, which you can view at your
convenience. www.spousewatcher.com

THE TLC-1 records automatically all tele-
phone conversations up to 12 hrs. on a sin-
gle tape, $79. The FMX=1 detects and
locates bugging devices, $69. The TLP=1
stops others from listening in or recording
your telephone conversations, $49. Send
check to Vakis, 2930 Pine Ave., Niagara Falls,
NY [4301. Buy wholesale directly from man-
ufacturers.

COUNTER-SURVEILLANCE=5250
HR! Electronic eavesdropping is unbeliey-
ably widespread! Are you sure you're safe?
Learn how others (without prior experi-
ence) earn $250 HR in the fascinating field
of COUNTER-SURVEILLANCE! For FREE
catalog call: 1-800-732-5000.
HTTP//WWW.SPY-CITY.COM

2.4GHz WIRELESS transmitter
[receiver kit. ASK-2008-TR, 8 fre-
quencies uP controlled 2.300 to 2.48| MHz,
video NTSC/PAL with 2 channels of audio
for development testing. |2VDC/100 mA for
both transmitter and receiver. Includes 2
rubber duck antennas. $125. Matco, Inc.,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visitlorder on-line at
WWW.matco.com

S
9 VOLT IR sensitive B/W high res
430 TVL camera with optional black
low-profile swivel adjustable enclosure. Pin
hole or Std. lens type. 6, 8 and 12mm lens
are available. 1/3” CCD, 3.6mm/F2.0 lens
included; works from 7.5=13 VDC, highest
voltage range in market. 0.08 lux, 1.27" x
1.27" % 0.5"D pinhole or |" deep standard.
$49 each. Enclosure: $8; optional lens:
$18. Dealers welcome. Matco, Inc.,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visitorder on-line at
www.matco.com

AS-1004 WIRELESS 2.4GHz, FCC
approved. 24GHz transmitter & receiver
with audio! Capable handling total of 4 wire-
less cameras, range: >300'". Built-in camera,

400 TV line. Reduced price!
$179/system. Additional cameras,
$110/ea. Matco, Inc., Schaumburg, IL, |-
800-719-9605,  sales@matco.com  or
visitorder on-line at www.matco.com

CCD BULLET CAMERAS B/W &
COLOR. AX-800 series, weather resistant
high impact design with swivel bracket. Will
work with Matco’s scanning motor. 3/4"
diameter x 3" long approx. B/W: 400 line/0.2
lux. $79/each. Color: 350 lines/2 lux,
$119/each — price reduction. Matco, Inc.,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visitforder on-line at
www.matco.com

SECURITY DISTRIBUTORS needed
for our complete line of products. See our
product features in the center color spread
on page 43, www.matco.com and
call 1-800-719-9605.
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40 DAYS and 40 NIGHTS
RECORDER.Time lapse, with remote, can
be activated by either contact closure or
continuous duty operation with standard T-
120 tape. Models from $349-$529.
Matco, Inc., Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visitorder on-line at
Www.matco.com

WEATHER RESISTANT OUTDOOR
CAMERAS. WR-700 type, high impact
tempered glass with stand. Black & white
(430 lines), or color (420+ lines) available.
Standard 3.6mm lenses with optional lenses
of 6, 8, and 12 mm at $20 extra. B/W
$119/each. Color $179/each. Small
compact size with sun shield. Matco, Inc.,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visitorder on-line at
Www.matco.com

SEE THE NEW MATCO PRODUCT
FEATURES AND PRICES in the color
center spread on page 43.

5’ AND 5.5” LCD high definition
color monitors wjstereo. 960 x 240
pixels w/brightness and tint controls.
Attractive enclosure with built-in speaker.
Great for security or general purpose use,
Both models have a small compact foot-
print, with an ultra-bright display, RCA inputs
NTSC or PAL. Special price with regulated
power $249/each. Matco, Inc.,
Schaumburg, IL, 1-800-7 19-9605,
sales@matco.com or visitorder on-line at
www.matco.com

WIRELESS COLOR rechargeable
2.4GHz system, ASK-7003-TR. 150 foot
range. Includes camera/transmiteer, receiver
and built-in battery pack with charging sys-
tems. Range |50 feet. High volume sell-
er! $159. Matco, Inc., Schaumburg, IL, |-
800-719-9605, sales@matco.com  or
visitorder on-line at www.matco.com

SURVEILLANCE EQUIPMENT:
Micro video cameras, tele-recorders,
counter-spy and more. Direct from manufac-
turer. Buy direct, why not! Check out our
great deals at www.mjelectronics.com
Phone 914-699-2294 open 7 days late.

CAMERA DISTRIBUTION Box,
XF-250-DC/XF-250-AC. Connect
your cameras directly to power source with
screw terminals or plug in using a 2.1 mm
connector. Special price: $59 (DC
version) and $49 (AC version).Can
use pre-molded 50 foot video/power
cable A-402-CA $15. Matco, Inc,
Schaumburg, IL 1-800-719-9605,
sales@matco.com or visitorder on-line at
Www. matco.com

=

14’ B/W high resolution SECURI-
TY MONITOR. A standard 12" monitor
is just too small for most applications.
Attractive dark gray enclosure with audio
and built-in speaker. 75 ohm termination
switch for balancing with all types of CCD
board cameras and other video inputs.
$139/each. Matco, Inc., Schaumburg, IL, |-
800-719-9605, sales@matco.com  or
visit/order on-line at www.matco.com

14” COLOR — high resolution
SECURITY MONITOR w/4 channel
switcher. High impact enclosure with
modern front panel 4 channel video and
audio switcher. High quality speaker built-in.
Components purchased separately would
exceed $500. Price slashed to $249/each.
Matco, Inc., Schaumburg, IL, |-800-719-9605,
sales@matco.com or visit/order on-line at
www.matco.com

INFRARED CAMERA for under-
water or all-weather use, AX-808
(B/W) or AX-808-C (color). Designed for
lake water to depths of 85 feet. Enclosed
LED:s illuminates up to a distance of 20 feet.
12 volt operation. Color $149, B/W
$99. Matco, Inc., Schaumburg, IL, 1-800-719-
9605, sales@matco.com or visitorder on-
line at www.matco.com

QUAD PROCESSOR works with
VGA monitor, QVS-104-CV. NTSC
inputs, composite outputs as well as output
for direct connection to VGA monitor. Saves
cost of expensive high-grade security moni-
tor, $269. Matco, Inc., Schaumburg, IL, |-
800-719-9605, sales@matco.com  or
visitorder on-line at www.matco.com
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16 CHANNEL MULTIPLEXER
MUX-1600. Display 4, 8, and 16 video
outputs directly on a TV or security monitor.
This is the only device which allows full
screen display of video onVCR playback (see
40 days and 40 nights recorder). Plenty of
options including tilting, zoom, individual gain
adjustments, etc. Reduced price! $799/
each. Special 4 channel version,
MUX-400, $429/each. Matco, Inc,
Schaumburg, IL, 1-800-719-9605,
sales@matco.com or visit/order on-line at
www.matco.com

RECEIVER - METER 1 Handheld Counter-Surveiiance Meter
— So Sensilive i's Like  Wideband Receiver!
BROADBAND : 10 Mz ko 45 GHy usable range
HIGHLY SENSITIVE ; Detects Cover Video and Aucio Bugs
AR - 14 GHy sesled” microware ovens st
For Compater Wielss Selup, RFY Saife, RF Line Loakage
DUAL MODE  : LINEAR- For messuring weskestsignals
DETECTION: LOGARITHMIC - 100 dynamc sign range
SENSITIVITY CONTROL : > 20 6B manuall ajusted gan
| 0 HR. OPERATION ) k244 ke s
ANALOG METER and LED DISPLAYS : The LED display for ditanceand e
SILENT VIBRATE MODE : Swiichebl ibratorforsignal defction ilhoe diec viewing

Including shipping and handilng ~ $ 8 9
( CA. residents add 8% Sales Tax)

Alan Broadband Company Phone : (838) 3699627
93 Arch Street

Redwood City Cs, odgsy  FouPhone: (850 683627

COLOR & B/W board cameras
wicases, BX-120-LC (350 lines color) $89;
BX-125-LC (380 lines color) $99, sub-minia-
ture BX-123-AU (420 lines B/W with audio)
$69. Matco, Inc., Schaumburg, IL, 1-800-719-
9605, sales@matco.com or visit/order on-
line at www.matco.com

SATELLITE

EQUIPMENT

SATELLITE REPORT: Find all the latest
in satellite descrambling in this 54-page
report. Lists all the cheapest and reliable
sources for hacked cards and equipment.
www.electronickits.com

Oy

|
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FREE SATELLITE TV Buyer's Guide. Low
prices on big dish systems, upgrades and
parts. Upgrade to digital with new 4DTV
receiver or sidecar. Best prices on little dish
systems, too. Backed by Skyvision’s technical
expertise, YOU CAN do it yourself!
www.skyvision.com Call [-800-334-
6455,

WHOLESALE PRICING. Call, fax, or
email for free catalog of over 1,600 items
from satellites, cable, security, telephone wire
and connectors. Quality pricing, fast shipping
& great discount pricing. Your accessory con-
nection. Call SkyMarketing @ 1-866-637-
4965 or 219-489-7525. Fax: 219-489-2285.
Email: skymark@fwi.com or visit us on the
website at www.skymarktech.com

,{::\\

SATELLITE TV. Complete selection of C
& Ku band equipment,
WWW.DAVESWEBSHOP.COM

LEARN HOW TO PROGRAM
SATELLITE TV ACCESS CARDS.
Send $24.95 for information packet to: KDV,
PO Box 253, Buffalo, MN 55313.

MILITARY

SURPLUS
ELECTRONICS

DOSIMETERS/RADIATION
DETECTING KITS. New Canadian military
surplus, now illegal to import due to recent
change in Arms Control laws. Ten dosime-
ters, two chargers, two radiation meters
wicarrying cases. Single D cell powers charg-
ers and meters. Survival, nuclear war, nuclear
power plants. $125 shipped US. Credit cards,
checks. Dealers/quantities welcome. Steve
410-879-4035 or Steve@swssec.com

AUDIO — VIDEO
-— LASERS

STUDIO GEAR, antique radios, tubes, pro
video, and unusual collectibles at
WWWhibbtek.com Call Tom @ 856-222-
0636, fax to B56-222-0638 for printed list.
Credit cards welcome.

CABLE REPORT: This 50 page report
contains all the latest in how cable systems
have been compromised. Including cheap and
reliable sources for test chips and equip-
ment. www.electronickits.com

CABLE PARTS! Computer parts. Call for
great prices or visit us on the Web:
HTTP//WWW.CB-Electronics.com or call
1-800-436-8630.

POSITIVE AND negative cable TV filters.
www.gofilters.com 1-800-235-8080. Mike is
back, give us a call. We can help in all situa-
tions,

CABLE TV converter wholesaler.
Brand new 125 channel convert-
er, 10 lot $45. Unmodified DPV
7212 $19.95 SA 8600 $25.Call us
for lowest prices on other mod-
els such as BB, CFT, Pioneer, SA
8580. Dealers only, 1-888-860-
6365.

CABLE PARTS for all makes and
models, raw boxes at low prices.
Call 1-888-817-8100. No NY
sales. www.chipplace.com

DIGITAL CABLE TV converters. Factory
original General Instruments/Motorola, DCT
1234/1151/ABCDEFH/R2. Many other mod-
els available! We sell raw, unmodified units
only! Call 763-684-4325.9 to 5, M-F CST.

ABC WHOLESALERS, Inc.
Importer & distributor of 125
channel unmodified converter.
Monthly specials in lots of 10
remote included, Scientific
Atlanta 8600 $25 ea., SA 8580
$19.95 ea, Tocom 5507-5503 $30
ea., Jerrold BB 7312 $25 ea,
Jerroid 7212 $19.95. Pioneer
6310 515 ea. We have many other
models in stock and all models
replacement remotes. Se habla
espanol. Toll free 1-800-510-
1924.

RAW UNMODIFIED CONVERT-
ERS. Thousands in stock. No order too big,
no grder too small. FORGET THE HYPE. $
ABSOLUTE LOWEST PRICES §. Special
this month on CFT 2000 series,
DPV'’s, 8580’s, and 8600’s. Call today
412-798-1644.

TELEPHONE/FAX

PHONE MANAGER: This unit looks
exactly like a Caller ID, except it records
time, date, and length of all outgoing calls.
www.spousewatcher.com

WANT TO Buy: ICs, military & aircraft
relays, diodes, transistors, connectors, tanta-
lum capacitors, electronic test equipment &
most components. Hoffy Electronic Ent., E-
Mail: Hoffiel 165@aol.com 818-718-1165,
FAX 818-341-5506.

PELTIER INFORMATION DIREC-
TORY ONLINE: Information site on
Peltier devices (thermoelectric
cooler/heater/generator modules). Tips,
manufacturer directory, surplus sources, etc.
Free. No registration. www.peltier-
info.com

ELECTRONIC COMPONENTS, kits,
test equipment, books, tools, and
supplies for hams, hobbyists, and busi-
nesses, Many hard-to-find items like variable
capacitors, vernier dials and drives, coil
forms, magnet wire, toroids, more.
www.oselectronics.com

RF TRANSISTORS, TUBES,
TEFLON WIRE, SILVER MICA
CAPS. 25C2290, 25C2879, SDI44s,
MRF455, MRF454, 25C1969, 25C2166,
25B754, TA7222AP, 25C2086, TA7222AP,
MRF247, MRF317, SAV7, etc., 4CX250B,
4CX1000A, 4CXI500B, 3CX400A7/8874,
3CX3000A7, 4CX400A, 572B, etc. Teflon
wire specials 1,000 ft. 16 gauge .I5 cents ft.,
1,000 fc. 18 gauge .14 cents ft., silver mica
caps, resistors, see our catalog for other
products, Westgate |-800-213-4563.

J oo

SWITCH SUPERMARKET large vari-
ety toggle, rotary, LEDs bipolar 2 & 3 leads,
grain of wheat, free list. Fertik’s, 5249 “D" St.,
Philadelphia, PA 19120. Ph/fax 215-455-2121.

www.dontronics.com THE world's
largest range of AYR & PICmicro hardware
and software. Home of the very popular
SimmStick™. Hi-Tech PIC C compilers $100
off. Biggest range of PICmicro/AVR C & Basic
compilers from all over the world. Many
delivered via a web download. On-line real-
time shopping cart. World wide delivery.
Microcontroller kits and associated compo-
nents. Dealer for N&V, CCS, Bascom.
Codevision, FED, Hi-Tech, DIY HK,
Newfound Warp-13, Tato, Codedesigner,
Lawicell, Wirz, Square One, P16PRO/PICALL
Rego, and many more. Customer satisfaction
guaranteed.

ANTIQUE

ELECTRONICS

WANTED: FOR historical museum, pre-
1980 microcomputers, magazines, and sales
literature. Floyd, VA 24091-0341 (540-763-
3311/540-382-2935).

WESTERN ELECTRIC wanted: 1920s-
1960s. Amplifiers, mixers, pre-amps, speak-
ers, tubes, etc. FREE OFFER 1-800-251-5454.

DEC EQUIPMENT WANTED!' We
are buying DEC systems, boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), CMD, Datability, Dilog, DSD,
EMULEX, other DEC compatibles. Please
contact us for a quote or fax/email your
equipment list.We buy, sell, and trade. KEY-
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com

AVIATION

ELECTRONICS

KINGSLEY HOTSTAMP foil machines
for imprinting leather, etc., and electrical
wire marking. Manual or automatic machines
and type available. Call 760-749-0239.
bjnash@n2.net

PUBLICATIONS

HIGH-TECH SURVIVAL: Electronics,
computers, internet, energy, phones, medical,
financial, security, physical survival, unex-

plained phenomena. CON-
SUMERTRONICS, www.tsc-
global.com

MATCO WILL design, engineer, and
develop a 2.4GHz wireless 8 channel solu-
tion for your remote applications. FCC
approved, Matco, Inc., Schaumburg, IL 1-800-
719-9605. E-Mail: nsales@matco.com Web
site www.matco.com

MICROCON-
TROLLERS

PIC & ATMEL PROGRAMMERS
from $15.95 and $29.95! Visit www.electron
ics|23.com for complete details. Amazon
Electronics, Inc. Toll free |-888-549-3749.

PIC PROGRAMMERS: Several different
programmer kits that you can build yourself
all the most popular PIC and Atmel chips.
www.electronickits.com

PIC DESIGNS DONE CHEAP!
Midwest Micro-Tek, a leader in 8 and 16 bit
controller design, is now offering their design
services for PIC designs at a low price of
$60/hr for design, routing, and programming.
For more info call 605-697-8521.
www.midwestmicro-tek.com

BASIC STAMP 2 users:“Inside the BASIC
Stamp II" tells how the PBASIC interpreter
works, how code is stored in EEPROM, how
to optimize code for space and speed. 160
pages, 50 illustrations, many examples. See
http://members.aol.com/stamp2book Send
$29.95 check or money order (US funds) to
Brian Forbes, 147 Flying Cloud, Foster Cicy,
CA 94404-1301.

ROBOTICS

ROBOT BOOKS.COM visit our web
site for reviews of robotics books, plus robot
kits, toys, movies, and magazines!
www.robotbooks.com

ARobot KIT from Arrick Robotics uses
the BASIC Stamp Il. Quality metal construc-
tion. Easy to assemble and very expandable.
$235. http://www.robotics.com/arobot

EASY RC. Preprogrammed PIC accepts
standard RC pulses and sends control signals
to motor controller for direction and pro-
portional speed control. Single channel or
dual channel with mixing available. Info: 570-
735-5053. htep:/iwww.diverseelectronicse
rvices.com email: carl@diverseelectroni
cservices.com

PIC-BASED controller boards and
coprocessors for small bots, singleboard
computers and other prototyping compo-
nents. www.oricomtech.com
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MOTOR CONTROLLERS, PWM, 12V,

24V, 35A, many features from $40
plus S&H. Info: 570-735-5053. Details:
http://www.diverseelectronicservices.com
Toll free orders (only) 1-888-314-6998.

ROBOT WEAPONS control, PIC con-
trolled circuit boards use standard RC sig-
nals to control any device up to |0A.
Selectable momentary or latched. Control
motor direction. Four models control from |
to 3 devices. Diagnostic LEDs. Input 9 to 24
VDC. 5V output for RC receivers. 570-735-
5053. www.DiverseElectronicServices.com

ROBOT KITS: Over 30 complete robot
kits from beginner to advanced at
www.electronickits.com

Y
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MOBILE ROBOT PLATFORM. Been
wanting to build a powerful robot but don't
know where to start! This 15" x 19" x 10"
robot platform includes chassis body with
four compartments, two-speed high-torque
motors, large 8" drive wheels, and 6" rear
swivel wheels. Plenty of surface area for
adding sensors, cameras, etc. Only $229
assembled, $199 unassembled. Ph: 321-757-
9280 or online: http://www.kadtronix.com>.

MOBILE ROBOT FRAME. Need a
sturdy frame for your next BattleBots chal-
lenge! This steel frame and 8" wheels are just
the thing. Heavy-duty 3-piece steel frame has
a load capacity of 300 pounds. Measures 18"
% 18" x13" and weighs only |5 pounds. $8%
plus S&H. Ph: 321-757-9280 or online:
<http://www.kadtronix.com>.

LINEAR POSITION ACTUATOR
made by Lucas. 0-.312" movement with an
applied voltage of 0-20 volts, 34 ohm coil,
.218" shaft dia, NEW! $60 each, |0 for $500.
Visit surplusvalues.com/lucas.jpg for picture.

Call Roger @ GS&E, 585-338-7001.
VISA/MC.
AFFORDAEBLE

CNC MACHINES

Simple lto Use

Run From
Any Version
of Windows®

www.flashcutcnc.com

Automated Machine Tools to Produce
+ Panels + Chassis/Housings
+ PCB Prototypes  + Any 3D Part

FLASHCUT CNC B

1263 El Camino Real, Menlo Park, CA 94025
4949 St. Elmo Avenue, Bethesda, MD 20814
Tel 888-883-5274 Fax 650-853-1405

PLANS — KITS —

SCHEMATICS

ELECTRONIC KITS: Hundreds of elec-
tronic kits and projects. VWhere else except
www.electronickits.com

AMAZING KITS. remote control, motor
controllers, PIC experimenter boards. Fun
and educational. Quality guaranteed.
www.dlrkits.com

HIGH-TECH SURVIVAL: Electronics,
computers, internet, energy, phones, medical,
financial, security, physical survival, unex-

plained phenomena. CON-
SUMERTRONICS, WWW.tsc-
global.com

PLANS,BOOKS, kits, surplus, AM/FM/SW
broadcasting supplies. Online ordering at
www.kenneke.com

HIGH PERFORMANCE ELEC-
TRONIC KITS. AandT Labs offers a line
of exceptional audio, test, and other elec-
tronic kits and products. Designs that distin-
guish themselves from their commercial
alternatives with superior performance,
functionality, and quality! www.a-and-t-
labs.com

I5MHz FUNCTION GENERATOR

$21.50, 80C320 MICRO-
CONTROLLER $21.50.
WWW.CGMICRO.COM

MISCELLANEOUS
ELECTRONICS FOR

ANAHEIM WIRE PRODUCTS. DIS-
TRIBUTOR OF ELECTRICAL WIRE
AND CABLE since 1973, ltems available
from our stock: Hook up wire, Automotive
primary wire, GXL, SXL, Plenum cable,Teflon
wire, Multi-conductor cable, Irradiated PYC,
SO-CORD, Mil-Spec wire, Building wire,
Welding cable, Battery cable, Telephone wire,
Shrink tubing, Cable ties, Connectors. Wire
cut & strip to specs. If interested, please call
1-800-626-7540, FAX: 714-563-8309.
Visa/MC/Amex. SEE US ON THE INTER-
NET: http://www.anaheimwire.com OR E-
Mail: info@anaheimwire.com

RS485/422/232/TTL

= Converters
= Repealers

= Fiber Optics

= Digital /'O

* Multidrop RS232
* Custom Units

= Auto TX Enable

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) 874-479¢6

RES — R.E.Smith

www.rsd485.com
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LedVision Holdings, Inc.

Scrolling L.E.D. Signs
+ Wireless Keyboard
* Includes Windows Software
« Text & Graphics
« Super Bright Multi-Color
* Clock Functions & Scheduler
* Real Time (ASCII) Mode
« 16K Flash Memory
= RS-232 & RS-485 Serial Ports

303 Sherman Ave., Ackley, Towa 50601
(641) 8473002 Fax: (641) 8473889
sales@ledvision.com

www.ledvision.com

HARD-TO-find parts: PTV screens, mod-
ules, chassis, flybacks, tuners, tubes, for all
brands. Manuals. 478-272-656 | . Scarborough
TV, 1422 Old River Road, East Dublin, GA
31027. scarboroughstv@pcnow.net

7

SOLAR-POWERED FAN HAT.
Baseball type hat with solar powered fan.
Great for sports fans, golfers, etc. Available in
red or blue. $19 plus $2.00 shipping. CA res-
idents add 7.75% sales tax.
Visa/MC/Disc/Amex OK. HT. Orr
Computer Supplies, 249 Juanita Way,
Placentia, CA 92670. 714-528-9822, 1-800-
377-2023,FAX 714-993-6216.

Electronics Manufacturing
Technology a div. of Ledvision

1SO-9001
Compliant

www.pcboardsinc.com

Bare Printed Circuit Boards

* Design & Layout

» Single, Double & Mult-Layer
Automated Assembly

* SMT & Thru-Hole

* Prototypes Thru Production

* Product Engineering

* Final Assembly & Test

303 Sherman Ave., Ackley, lowa 50601

(641) 847-3902 Fax: (641) 847-3889
sales@pcboardsinc.com

M

PORTABLE CARD SWIPER. Swipe
any card with this incredible tiny device and
the complete data on the magnetic stripe is
stored instantly in its memory. Stores over
100 swipes at one time. Powered by a small
camera battery. It can be use remotely on
any type of card with a magnetic stripe.
After the magnetic stripe information is
saved, you may download the information to
any computer or laptop. Applications: data
collection, trade shows attendance, confer-
ence attendance, classroom attendance and
many others.We have many different models
and magnetic stripe reader/writers. See our
web site:  www.mobilecardread
ers.com Or write for free catalog. The
Information Center, PO Box 876, Hurst, TX
76053.817-589-7891.

SELLING ELECTRONICS parts busi-
ness! Over 1,000,000 components/assem-
blies. 30 year inventory (1970-2000).
Consumer, industrial, military, medical parts.
Call Jobe Electronics, Ph 618-993-6340
Marion, IL 62959.

TUBE AND transistor tester.
Precision Apparatus Co. model 10-60
Electronamic, $99. Includes books and G-140
adapter. Also available: Central Electronics
Rejuva-Tube, model RE-1 CRT rejuvena-
tor, $69. Shipped UPS, COD, charges added
to price. Peter 248-669-3604 Fax: 248-669-
341 1. stratigiccontrol@hotmail.com

MISCELLANEOUS

ELECTRONICS
WANTED

DEC EQUIPMENT WANTED!! We
are buying DEC systems, boards, terminals,
drives and peripherals. Also Scientific Micro
Systems (SMS), CMD, Datability, Dilog, DSD,
EMULEX, other DEC compatibles. Please
contact us for a quote or fax/email your
equipment list.VWe buy, sell, and trade. KEY=
WAYS, INC., 937-847-2300 or fax 937-
847-2350 or email buyer@keyways.com

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 90061.310-538-9738, FAX:310-
538-8273.

WESTERN ELECTRIC wanted: 15920s-
1960s. Amplifiers, mixers, pre-amps, speak-
ers, tubes, etc. FREE OFFER 1-800-251-5454.

WANTED: TUBES, radios, transmitters,
receivers, gyros, bearings, connectors, relays,
lamps, synchros. Hyness Company, 709B
Delair Road, Monroe Twp.,, NJ 0883 1. Phone:
609-395-1116, FAX 609-395-1117.

UNITEK MODEL DP-125 or DP-
250 welder power supplies WANTED.
608-831-3443, fax 608-831-1082, ask for
Everett.

BBS & ONLINE

SERVICES

MAGICIAN IS available to solve your RF
problem. | will teach you in my laboratory
how to do it. Young engineers and techni-
cians are welcome. SMT prototyping up to
3GHz for customers. Minaret Radio, John
Horvath ph: 909-943-3676. Ask for my
resume.

FREE CONTROL and embedded
systems tutorial, www.learn-c.com
Optional interface board for hands-on learn-
ing. Eight 8-bit AD, two 8-bit DA, 27 digital
lines and more. Bare board only $20. Kits
and assembled available.

BUSINESS
OPPORTUNITIES

COUNTER-SURVEILLANCE=5250
HR! Electronic eavesdropping is unbeliev-
ably widespread! Are you sure you're safe!
Learn how others (without prior experi-
ence) earn $250 HR in the fascinating field
of COUNTER-SURVEILLANCE! For FREE
catalog call: 1-800-732-5000.
HTTP//WWW.SPY-CITY.COM




Classified Ad Instructions

TYPE or PRINT your ELECTRONICALLY RELATED ad copy CLEARLY (not
all caps) on a separate piece of paper. Spell out words when submitting
handwritten copy. Calculate the number of words and multiply it by the
appropriate rate (see RATE PER WORD section). Include any charges for
bold and/or CAPPED words, any artwork costs that would be applicable,
and/or costs for boxing your ad (explained below). Choose the appropriate
classification for your ad(s) to appear in (see below). If no classification is
indicated, it will be placed in Misc. Electronics or wherever we deem most
suitable. Enclose your name, address, phone number; and Nuts & Volts
account number from your mailing label (if available) for identification pur-
poses. Include full payment — CLASSIFIEDS RUN ON A PRE-PAID BASIS
ONLY — and mail your completed order to:
NUTS & VOLTS MAGAZINE
430 Princeland Ct., Corona, CA 928789.

RATE PE D
The ad rate for current PAID subscribers is 60¢ per word. All others pay
$1.20 per word. There is a $9.00 minimum charge per ad per insertion.

B WORDS AND/OR
Words to be set in bold or CAPS are each 10¢ extra PER WORD.
BOLD CAPS are 20¢ extra per word. The first two words of each ad are
bold capped at no charge. Indicate bold words by underlining. Words nor-
mally written in caps (e.g.. IBM)] and accepted abbreviations such as VAC or
MHz are NOT charged as all cap words. Use a two-letter abbreviation for
states.

PHOTOS, DRAWINGS, BOXES
A photo or drawing may be run at the top of your classified ad for an addi-
tional $10.00 (1" depth max.) for camera-ready art. No wording is allowed
in this area. To BOX your ad, include an additional $50.00 for copy-only ads,
or $75.00 for ads with art or photos. Photos may be emailed to clas-
sad@nutsvolts.com.

EMA FAXI D COPY
You may email or fax in ad copy or changes before the closing date (5:00pm
on the 1st) using MasterCard or Visa. Include credit card expiration date,
the name that appears on the card, a daytime phone number, and your Nuts
& Volts account number. Email ad(s) to classad@nutsvolts.com or fax to
908-371-3052. Ads without credit card information will not be listed as
received until payment is received in ful. WE DO NOT CALL, EMAIL, OR
FAX BACK VERIFICATION OR QUOTES OF EMAILED AND FAXED-IN
ADS. For verification of emailed or faxed-in ads, please call 909-37 1-8497.

DEADLINE
Prepaid ads received by 5:00pm on the closing date (1st of the month)
will appear in the following month's issue. Ads postmarked through the 1st,
but received after the closing date, will be placed in the next available issue.
MNo cancellations or changes after the 1st. Cancellations and changes must
be submitted in writing.

IMPORTANT INFORMATION

All classified ads are running copy only. No special positioning, centering, dot
leaders, extra space, etc. is allowed. All advertising in Nuts & Voits is limit-
ed to electronically related items ONLY. All ads are subject to approval
by the publisher We reserve the right to reject or edit any ad submitted.
We do not take ad copy or changes over the phone. We do not bill for clas-
sified ads. Repeat ads or ads run in multiple classifications within the same
issue are allowed. Paid subscribers may run ads at the 60¢ rate only
through their subscription expiration date. NO REFUNDS. Credit only. No
credit for typesetting errors will be issued unless you clearly print or type
your ad copy.

Choose a category for your ad from these classifications.

10. Ham Gear

20. Batteries/Chargers
30. CB/Scanners

40. Music & Accessories
50. Computer Hardware

125. Microcontrollers

130. Antique Electronics

| 35. Awviation Electronics

138. Thermocouple Welder
140. Publications

145. Robotics

148. CNC

150. Plans/Kits/Schematics
155. Manuals/Schematics Wanted
160. Misc. Electronics For Sale
170. Misc. Electronics Wanted
175. BBS & Online Services
180. Education

190. Business Opportunities
200. Repairs/Service

60. Computer Software

70. Computer Equipment Wanted
80. Test Equipment

85. Security

90. Satellite Equipment

95. Military Surplus Electronics
100. Audio/Video/Lasers

I 10. Cable TV

I 15. Telephone/Fax

120. Components

AFFILIATES WANTED: If you have a
website you can earn a 10% commission for
every person that you refer to our site.
See complete details at
www.spousewatcher.com

“Encyclopedia of
Electronic Circuits”
Vol 7
by Rudy Graff

SERVICES ’
(E)EPROM PROGRAMMING done :

quickly and economically. One day turn 4 L -
around typical. Simple copy $3 per device.
Also prototyping, design, and consulting ser-
vices available. Call or send SASE to: Luzer
Electronics, 4023 North .
Bayberry, Wichita, K5 67226. |
316-687-2127, FAX 316-687-
3103,

MECH ENGINEERING CONSULT-
ING: machine design & packaging from con-
ceptual to manufacturing: detailing, bill of
mat'l, part procurement, & proto build. GSC,
MECHANICAL ENGINEERING
SERVICES 508-339-7837 or email:
SECGSC@aol.com. (Ask for Greg.)

SPECIAL PROJECTS HARDWARE:
Unique, original, made-to-order, special
needs, controversial: power meters educa-
tional module, automated control signal
replicator, KX radar emitter, radionics rife,
subliminal mixer/amp, unseen/unknown pres-
ence detector, "aura" detector — many,
many more! LONE STAR CONSULT-
ING, INC.,, www.lonestartek.com

WELD ALUMINUM WITH
PROPANE! EZ, INEXPENSIVE, STRONG.
DETAILS: WEEKS, 36 CAROLINA ST, TAY-
LORS, SC 29687. |1-800-547-WELD(9353)
FAX B64-244-6349. http://www.durafix.com

SCHEMATIC DIAGRAMS reverse
engineered from electronic devices is our
business. Can't get schematics from manu-
facturers? We can possibly help. See our web
site, or contact us directly. Bomarc
Services, Box 1113, Casper, WY 82602.
307-234-3488. bomarc.org rollo@trib.com

REPAIRS —

OMNLY
$39.95

Designed for quick reference
and on-thejob  use, the
Encyclopedia of Electronic
Circuits, Volume 7, puts over
1000 state-of-the-art electronic
and integrated circuit designs at
your fingertips. Organized alpha-
betically by circuit type, this col-
lection includes designs from
industry giants such as Advanced
Micro Devices, Motorola, Tele-
dyne, General Electric, and even
right here in Nuts & Volts.

As a paid subscriber to
Nuts & Volts, you'll receive
10% off the list pricel!

(See ad on page 83 for ordering etails
and other titles currently available.)

[Tr—=m=
@) &2, ¢
FEMALE MALE “
1' MONITOR (008 0" °
POWER CABLE WMot | opsite

If monitor has a permanent AC
power cord attached, plug it

CMOS "SUGAR

CUBE" B/w into this adapter and then into

CAMERA the back of your computer.

Composite video output 94W002 $2.95 each <

approx. 200 lines. Power: . Solderlng Pot
5Vreg. @ 15mA. Size: 16mm 2N3055 Y Pot Capacity:1.8Kg, Pot
sg. x 15mm, Lens: 4.9mm | TRANSISTORS 717 Cnnsltru\P:{tioT(: Stg\n;%r}sf
F2.8 (for 56° x 41°), steel, Rocker On
99vo10 $49.95 123";005,“5 $2.25 each switch, Wide Temperature

control, Power 600 Watt,
Pot Temperature: 300
~500C, Pot Diameter
100mm, Pot depth:
45mm,Size: 140 X

More values on
website

RHEOSTAT /) (a0
6 OHM 50 WATT e T SHRR
50R6 $8.50 each | ACGOP $89.00

Many more boxes
and cabinets on the
i website

RACK MOUNT CABINETS

High-quality rackmount enclosures come in an attractive
charcoal grey epoxy finish. The top, bottom and sides have
ventilation holes to assist in colling. The front and back
panels are made of 0.059" thick aluminum for easy custom
design. The top, bottom and sides are 0.035" steel. Choose
from six sizes. All include handles except RC3120A.

HIGH POWER
RECTIFIER STACK
Six 6500V, 350A hockey puck
thyristors in series. Each thy-
ristor has trigger network,
400pF 30KV bypass cap, and
two 500K-Ohm equalizing
resistors. Water cooled.

(That's 39KV x 350A= | RC3120A - Front panel 19" x 1.75" 9.5"D - $38.00
13.65MW!) Thyristors are | RC3120B - Front panel 19" x 3.5" 9.5"D - $46.00
ABB #5STP0365D0002, list | RC3120C - Front panel 19" x 3.5" 13"D - $53.00
price $288 each. Overall size | RC3120D - Front panel 19"x 5.25"13"D - $58.00
4" x 5%" x 15", RC3120E - Front panel 19" x 5.25" 16.75"D - $63.00
205002 $250.00 | RC3120H - Front panel 19" x 8.75" 16.75'D - $83.00

alltronics.com B8 =

®) Mail Orders: PO BOX 730 - Morgan Hill, CA 95038-0730
Phone: (408) 847-0033 Fax: (408) 847-0133
® Download our Catalog: http://www.alltronics.com

Dealers welcome by appaintment. Visa, M/C, AmEx Accepted. All Sales Final. California Residents Add Sales Tax. Shipping
Additional on All Orders. Prices Good 80 Days from Date of Publication and Subject to Change Without Notice

Circle #39 on the Reader Service Card. Nuts & Volts Magaz:‘ne,’nmu 2002 55
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2539 W. 237th Street, Bldg. F, Torrance, CA 90505

email: mraa@earthlink.net http://www.digisys.net/timeline
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Over 16 years and 33,000 customers and still growing
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MONITORS 1

Graphic and alphanumeric

WITH BUILT IN CONTROLLER
$29.” or 2 for $49.%

50 COLOR MONITOR $19.°

Non-Enclosed TTL
Comes with pinout, 12V at 1.4 Amp input » Horizontal frequency 15Khz. # Abilty fo do 40 and BO column
5 inch Amber $15.00 ¥ 7 inch Amber $19.00
9 inch Amber or Green $19.00

57 WA'I'I' UPS SUPPI.Y

FOII
(Com:s w/ 12V @ 2.2amp nmm)

Unit designed to provide uninterrupted DC power in the event of loss of the primary

110/ 220 VAC supply. It utilizes a 12 V sealed lead acid battery as a source of power
until the AC supply can be restored. It is a versatile unit which can be used in a number
of different applications, The outputs are +5 VDC @ 6.5 A, + 3.6 VDC @ 25 A, 412

DC @ 8A,-12VDC @ .5 A, and & battery charging output of 12 VDC @ 10.A. The
DC outputs are terminated in in-line connectors which interface with standard

5V power required ¥ Built-in C-MOS LCD driver & controller ¥ Easy OmicroprocessorQ
interface ¥ 8BASCII character generator ¥ Certain models are backit, call for more info.

Graphics and a]phanumerlc—ﬁerlal interface

size Mir. price Mfr.  price
640x480 (backlit} Epson $15.00 320::240 Epsun $15.00
SdedUO (backlit) Panasonic $10.00 256x128 son $15.00

Toshiba  $10.00 240x128 (backlit) Oplrex $15.00
450:128 (backlit) ALPS $ 8.00 240x64 Epson  $15.00
480x128 Hitachi  $ 6.00 160x128 Optrex  $15.00

6” VGA LCD 640X480, Sanyo LMDK55-22 $15%

Size Mir. Controller Backlit
256x128 Hyundai 1330 = » Flot Foceplote * 320 x 200 Dot Resolution » CGA & Hercules Compatible
240x128 Hitachi 61830 LED * 12 VOC Operation * 15,75 Ktz Horiz. req. » &0 He Vert. Sync. Freg -
240x64 AND 6963 EL » Open Frome Consruction * Stondard Inferfoce Conneclor » Deguuwng Col included » MFr Samiron
160x128 Optrex 6963 CCFL | Hacker CORNER |
Alphanumcnc—parallel interface
16x1... 8500 2062... 5600 322 $5.00 EMBEDDED 486 COMPUTER
16x1 ng char) .. $7.00 20xd $8.00 40x1 $5.00 %
00 20x4 (g, char).....$10.00 40K2......orro.. $7.00 $59% 2 for $109%
$ 242 $6.00 40x4 §15.00 | N Complete enhanced Intel 4865X-33 based computer in ultra small (9-7/8L x 6-5/8W x i e
32x4 $5.00 4x2 $4.00

J-1/8H) case. Ideal for embedded operations or as a second computer. Features
include: ¥One 16 bit 1A slot ¥3 serial ports plus dedicated printer port ¥Parallel
optical coupled adapter port YBuilt in IBM PC/AT keyboard port ¥On board VGA
video and port ¥Uses standard SIMM up to 32 MB ¥BIOS is PC/AT compatible

Unit has a hackup Ni-Cd battery system in case of power failure (5
min. backup time) and lockable front cover to prevent floppy drive
access. Mounting / interface provisions for standard 3.50 laptop floppy]

and 2.5 inch hard drives. Comes with very comprehensive manual.
—

NTSC COMPOSITE
4~ LCD MONITOR $69%

and drive connectors. Possible applications include: Robotics, scientific
sensing and recording, Linux devices attaheed to Ethernet or Internet links, etc.

¥ The unit is small enough (20x 3.50x 850 to be contained in a standard PC
enclosure, in place of the regular power supply - interfacing directly with the
motherboard - providing an uninterruptable power supply ¥ Ii can function as a DC -

DC power supply fumishing multiple cutputs using a 12 VDC input ¥ The 10 Amp,
12 VDC out put can be used as a batiery charger with any AC input from 100 -240 V
¥The unit is a versatile 57 watt DC power supply providing +5 and 3.6VDC as well

CELL SITE TRANSCEIVER $19° 2 for 529"

These fransceivers were designed for operation in an AMPS (Advanced Mobile Phone
Service) cell site. The 20 MHz bandwidth of the transceiver allows it to operate on all 666
channels aflocated. The transmit channels are 870.030-889.980 MHz wilth the receive
channels 45 HMz below those frequencies. A digital synthesizer is utilized 10 generate the
selected frequency. Each unit contains two independent receivers lo demodulate voice and
data with a Receive Signal Strength Indicator (RSS1) circuit 1o select the one with the best
signal strength. The transmitter provides a 1.5 watt modulated signal to drive an external
power amplifier. channel selection is accomplished with a 10 bit binary input via a connector
on the back panel. Other interface requirements for operation are 26 VDC (unregulated) and
an 18,990 MHz reference frequency for the digital synthesizer. The units comtain
independant boards for receivers, exciter, synthesizer, tunable front end, and interface
assembly (which includes power supplies and voltage-controlled oscillator). Service manual,
schamatics and circuit descriptions included.

Dear Nuts & Volts: |
| am interested in building the

Circle #92 on the Reader Service Card.

Any suggestions as to where | | probably have the same problem.)
can find them. (Your other readers

Jim Schmidt

patronize as often as possible the
many advertisers you have in the
San Francisco Bay area. Particularly
HSC  Electronic  Supply and
Alltronics, both of whom | "discov-
ered" through your magazine.

Jim Cassedy

Blab Blaster featured on the cover
of your February issue, but have
been unable to find a source for the
NE570 which is the heart of the
unit.

| have checked my Jameco,
Mouser, Digi-Key, Edlie, All
Electronics, and Hosefelt catalogs

San Francisco, CA | and none of them list this part.

Easy-to-Use 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.

* 3.2 x 1.4 in. supertwist LCD

* 2400/9600 baud serial

* Low (=2mA) current draw

* Popular for use with BASIC Stamps®

$45

BPI-216N

* 3.2 x 2 in. backlit LCD %49 F

* 1200-9600 baud serial ILM-216L o = ILM-21¢ |
* Advanced protocol, 4 switch inputs : A |
* EEPROM for configuration settings y : w

* Favorite for OEM applications

* 3.2 x 1.4 in. graphics LCD

* 2400/9600 baud serial e 7
* Font and 15 sereens in EEPROM Ll = : |
* Easily draw points, lines, screens L 5

$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.

1939 S. Frontage Rd. #F, Sierra Vista, AZ 85635
phone 520-459-4802 » fax 520-459-0623
www.seetron.com * sales @seetron.com

More displays available,
including bright VFDs.
See www.seetron.com

Circle #94 on the Reader Service Card.

SolderingDesoldering.Com

Your SMD Rewank Specialist
800-394-1984

Celebrating 19th Year 0f Service Il
VISIT US AT WWW.UNICORNELECTRONICS.COM

What Do We Have ?

<7415
*EEPROMS
«(CMOS
*Generators
+6800 series
*Connectors
*|.C. sockets
*Kits

our

T
EPROMS
GAL

«74C

*PAL's

*780

+8000 series
» Capacitors
«Crystals

* Switches
*Tools
[ED's
*Resistors

Linear
6500 series
Oscillators
Trimpots
Diodes
Vises «Laser Diodes
* \ises «ransistors

* And much, much more!

¢ Order Line — (800) 824-3432 « International — (724) 495-1230 * Fax Orders — (724) 495-7882
* Technical Support — (724) 485-1231 « $25.00 Minimum Order *UPS 3 day, Blue, Red, & Fed. Ex
Shipping Available (Call for charges) = PA Res. Add 7 % Sales Tax +Open Mon-Fri 9:00 AM - 5:00 PM
(EST) » Corporate Accounts / Quantity Discounts Available *We accept M/C, VISA, Discover & AMEX
with no surcharge = Call For FREE Catalog ($2.00 Ouiside U.S.)

* We Carry A Complete Line Of Electronic Components * Email - unielect @ aol.com

Visit us on the web | www.unicornelectronics.com Unimrn E'ectronics
1142 State Route 18
FREE SHIPPI NG ” on pre-paid orders Aliquippa, PA 15001
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Setting a new standard in STAMPS
The New BASIC MICRO ATOM®, offers more in the same
package you're already familiar with. With built-in feawres, like
upgradable firmware, get more power for your projects now and
wnto the future |

Software Features: Built in Hardware:

« Graphical Debugging (ICD)  * Over 300 Bytes of RAM

» Mare Soitware Commands ~ + 256 Bytes of Data EEPROM
Bit Integer Mat + External & Internal Interrupts

* 3 10 it A/D Converters
* 2 Capture and Compare
. ompatible Syntax * Internal Adjustable Vief
* Expanded BASIC library - External Vref

» Firmwane upgradeable
* Unlimited Support

» Free Software Updates
* Plus much more!

Bit Floating Point Math
y 1o use code editor

: 12C, 5P1
$59.95 Complete

Also available in Development Combos and OEM package

MORE FLEXABILITY

for PICmicro. MCU's
IR ]
I -

Ever wanted 1o Jeam how to pr PICmicro® MCUs ? Now
you can with easy to use BASIC. Our software is much simpler
than C or Assembly. MBasic for PICmicro® MCUs creates a one
click solution that allows you 1o experiment and test code changes
From beginner to professional bring your projects to
er and easier with MBasic for PICmicro® MCUs !
New - In Circuit Graphical Debugger built in!
Priced from $99.95
Educational and ricing available with all products

PICmicr sark of Microchip Ine.

343iC MiCRO inc.

Order online or call 1-734-425-1744

Basic Micro, 34331 Plymouth Rd.. Livonia, MI 48150
See More online at hitp:/fwww.basicmicro.com

Reader back continues

Response:

Midwest Analog Products
(www.midwest-analog.com)
Allied Electronics (800-433-
5700; www.alliedelec.com)
Future Active (800-655-
0006; www.future-active.com)
Rochester Electronics
(978-462-9332; www.rocelec.com)

Dear Nuts & Volts:

Re: Rewiring a magneto phone
for dial service.

First, | agree with reply #2 Mike
Beaver. Don't make changes.

Second, answer #1 has several
problems. Wiring the transmitter,
receiver, and hook switch in series
will cause the carbon granules to
fuse (designed for three volts) and
the receiver to get fainter with age
due to line voltage (designed for a

line creates a constant loop. There
has to be a | mFd capacitor in
series to prevent this. Some old
phones had a capacitor, but most
didn't. As Mike suggested, if you
MUST change. get a common bat-
tery network and connect your
components to it.

| used to work for small tele-
phone companies that had magne-
to service, and now am a volunteer
at a telephone museum.

The RF Connection

¢
i % | 213 North Frederick Ave.
¢ | Suite 11NV
& | Gaithersburg, MD USA
1 20877
http:/fwww.therfc.com/

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

UG-21B/U N Male for RG-213/214....... §5.00
UG-21D/U N Male for RG-213/214........$3.25

N Connectors for 9913/Flexi4XL/9096

UG-21B/9913.....86.00 Pins Only ......$1.50
UG-21D/9913.....$4.00 Extra Gasket.... .75

Amphenol 83-1SP-1050 PL-259. ........$0.90
UG-176/U Reducer RG-59/8X . .25 ar 5/$1.00
UG-175/U Reducer RG-58/58A .25 or 5/$1.00
Silver Teflon PL-259/Gold Pin ...................
vevienee- 51,00 Or 10/$9.00

MIL-Spec Coax Available (Teflon, PVC lIA)

New Product: Belden 9913F. 9912 with

High Density PE Foam dielectric, stranded

center cond. and Ducbond IIl Jacket. ..........
. .80/t or $76.00/100ft

Alsc New: 9092, RG8X with Type Il Jacket
Intro Price ceereeeennes $23.00/100f

Call for Specials of the Month

Full Line of Audio Connectors for Icom,
Kenwood, and Yaesu

8 Pin Mike Female
8 Pin Mike Male Panel ...

13 Pin DIN for Kenwood .
8 Pin DIN forlcom ...........
8 Pin DIN for Kenwood...............c.ce....

Prices Do Not Include Shipping

Orders  BOO/783-2666
Info  301/840-5477
FAX  301/869-3680
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dry circuit).
T) Byers |

Connecting the bell across the

David Thompson
Bucksport, ME

GET THE NEW CATALOG TODAY!}
New Kits, New LPFM, New Cameras|

v 35W RF output, YSWR protected
g " Automatic audio & power controls
v Digital synthesized PLL
M  Full front panel control
v 110/220VAC, 12VDC operation
‘Whether your application is export or LPFM, the PX1 has you covered. From the
over-rated continuous duty power supply & power amplifier to the 2 line vacuum
fluorescent display, your station will be the easiest to setup and the most reliable
for continuous operation. Full microprocessor controls provide a “virtual engi-
neer”. Check out www.highpowerfm for full details.
PX1 35W Professional FM Stereo Transmitter  $1,795.95

ELECTROCARDIOGRAM HEART MONITOR

¥ Visible and audible display of your heart rhythm

¥ Re-usable sensors igc\uded; just like visiting the hospital!

 Bright LED “beat” indicator 2

v Mo%:;tor output for oscilloscope display Jﬂ/ﬂﬁ‘k’

Enjoy leaming about the inner workings of the heart while cov-

ering the stage by stage electronic circuit theory of ECG/EKG

systems. Be heart smart and leamn at the same time!
Electrocardiogram Heart Monitor Kit $34.95
Matching Case & Knob Set $14.95
AC125 110 VAC Power Adapter $9.95
ECGP10 Replacement Reusable Probe Patches (10-Pack) $7.95

PLASMA GENERATOR NEW!

®  / Generate 2" sparks to a hand held screwdriver!
¥ Build your own plasma balls!
¥ 25KV at 20 KHz from a solid state source!
Generate really impressive sparks, build your own plasma
ball, light fluorescent tubes without wires! From a solid
state source, generate over 25KV at 20KHz for the most
dazzling displays!
PG13 Plasma Generator Kit $59.95
PS12 14VAC Output Power Supply $19.95

ION GENERATOR NEW

-1 + Generates negative ions with a blast of fresh air!

gl 7.5KV DC negative, 400uA - that's a lol of ions!
v Steady state DC voltage, constant current, not pulsed!
Learn the basics of ion repulsion by building this ion generator!
Creates a continuous blast of fresh air charged with a ton of
jons. Perfect for pollution and air freshening; just smell those
ions! Solid state wind generation; you'll be amazed!

IG7 lon Generator Kit $59.95

AC125 110 VAC Power Adapter $9.95

TOUCH-TONE TONE GRABBER gl

ﬂl&"a\-‘l. v New-built-in RJ11 phone jack

CECG

v Large memory holds over 500 numbers

+ Big bold 8 digit display, auto insertion of dashes

¥ New-output latch jack

Dialed phone numbers on the radio, repeater codes, con-
trol codes, anywhere touch-tones are used, you can read
and store them! All new design for 2002. Capture those tones with the TG2!
TG2 Tone Grabber Tone Reader Kit $59.95
CTG2 Matching Case & Knob Set $14.95
AC125 110 VAC Power Adapter $9.95

RCA TO XLR AUDIO CONVERTER_3 m: e

+ Connect consumer outputs to XLR inputs
Bl / Left & right audio gain adjustments

So you're trying to connect consumer audio outputs with

SRR RCA connectors (unbalanced) to XLR (balanced) inputs.
W Always a problem...Not anymore with the R2XL1!
R2XL1 Unbalanced to Balanced Audio Converter Kit  $49.95
CR2XL Matching Case & Knob Set $14.95
PWR25 12VAC Power Adapter
v

RAMSEY ELECTRONICS, INC.
RAMSEY

793 Canning Parkway e
Victor, NY 14564 VIS,
716-924-4560
sales@ramseykits.com

D1
B ‘ 7
L CPO3
uTS

_ Order Today! 800-446-2295

v Color during the day, IR B&W at night!

v Automatically turns on IR llumination!

« Waterproof to IP57 standards!

v Black anodized housing with universal mount

Best of both worlds! This video camera is a water-

proof COLOR camera during the day. When the

light level drops, it automatically changes to B&W

and turns on its built-in IR illumination, with 10 IR

LEDs. Powered by 12VDC and terminated with a

professional BNC connector. B&W only model
also available if color is not needed. Both in heavy anodized black housing,
CCD309 Color/B&W IR Waterproof Bullet Camera $169.95
CCD308 BA&W IR Waterproof Bullet Camera $109.95
AC125 110 VAC Power Adapter $9.95

MINI B&W CAMERA WITH IR ILLUMINATION
A7 Buittin R ilurmination!

A v Sees in lotal darkness!

 Black aluminum housing with swivel bracket

What a deal! This miniature B&W video camera has 6

high power IR LEDs built into it to provide illumina-

tion in total darkness! No need for external IR illumi-

nators, Attractive black aluminum housing easily

mounts at any angle with the built-in swivel bracket.

Runs on 12VDC, and includes professional BNC out-

put plug-in harness.
CCD303  Mini B&W IR llluminated Camera $59.95
AC125 110 VAC Power Adapter $9.95

Check out all our other new cameras at www.ramseykits.com!

PROFESSIONAL FM STEREO RADIO STATION

v Synthesized 88 to 108 MHz with no drift !

v Built-in mixer - 2 line inputs and one
microphone input!

v High power module available for export use

v Low pass filter for great audio response

Our FM100 is used all over the world by serious

habbyists as well as churches, drive-in theaters,
and schools. Frequency synthesized PLL assures drift-free operation 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.
FM100 Super-Pro FM Stereo Radio Station Kit $249.95
FM100WT 1 Watt, Wired Export Version $399.95

SYNTHESIZED FM STEREO TRANSMITTER

« All new design & features for 2002! Lf’
¥ Fully adjustable RF output ,-Wl?'-r
Qur #1 kit for years has just gotten better for 2002!
Totally redesigned, the FM25B has all the features
you've asked for. From variable RF output, F con-
nector RF output jack, line input, loop output, and

mare. Includes case, power supply, whip antenna, audio cables.

FM25B  Synthesized FM Stereo Transmitter Kit $129.95

AND., R FAMOUS MINI-KITS
These are easy to build kits that can be used either stand-

m_ - alone or as building blocks for more complex projects.
3 TS4  Tickle-Stick Shocker $9.95
$8.95
- $3.95
$6.95
$19.95
$9.95
$8.95

BN9  Super Snoop Amplifier Kit

BL1 LED Blinky Kit

Tone Encoder/Decoder Kit
Touch Tone Decoder Kit
Code Practice Oscillator Kit
Universal Timer Kit

www.ramseykits.com
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by Robert Nansel

I his month, as prom-
' ised, | have compiled
my list of robotics
clubs in the United
States and around
the world. It is available for down-
load on the Nuts & Volts website at
www.nutsvolts.com. Thanks to
reader Gerald Sorrels of Crestline,
CA, | also have a complete
schematic for the Camtronics
three-axis chopper/stepper motor
driver board used in my Heavy Iron
CNC project. Gerald also generous-
ly contributed a schematic for a
simple chopper board tester that
allows you to test out the
Camtronics board without a com-
puter, which is pretty handy when
you're troubleshooting your system
and aren't sure whether it's the
chopper board or the computer
causing the trouble. I'll start with
the club list.

The List Ate My
Column

It's been since June 2000 that |
last compiled this list, and a few of
the groups on the list seem to have

+5

disappeared or gone dormant. In
the meantime, several new groups
have sprouted up. In June 2000, |
listed 28 groups in the US and nine
groups in other countries.
Subtracting the lost groups, the list
of US groups has grown to 32, and
the international groups held
steady at nine. Then, as now, | list a
few internet-only clubs, but there
are scads of online robotics groups
on the web, far too many for me
keep track of (that's what
Google.com is for).

As for the regular groups, | can
make no claim that this list is com-
plete or definitive. Shucks, | can't
even guarantee that all of the links
or contacts are up-to-date; robotics
club websites and email addresses
sprout and die like fairy ring mush-
rooms. | spent days trying to verify
the info of just the more-established
groups. If you spot any errors, or
(gasp!) if your club is not listed
here, drop me a line.

Chopper Board
Wrinkles

Dan Mauch, the owner of

Camtronics, has been so busy sell-
ing — and improving — his popular
three-axis chopper board kits that
he hasn't got a current schematic
of the board he now ships; all
recent changes have been made
directly to the PCB artwork and
haven't yet propagated back to the
schematic. The schematic shown in
Figure 1 was laboriously traced out
by Gerald Sorrels when he pur-
chased his kit. | then drafted up
Gerald's hand-drawn
using Claris CAD, and | rearranged
things a bit in the process. Any
errors you find in Figure 1 were
probably introduced by me.

In fact, I've already found a few
errors too close to deadline to fix
(argh!), so I'll just give y'all a heads
up. First, | neglected to include the
pin 7 ground of U8 (it could happen
to anybody).

More embarrassing is that the
labels for the Z-step and Z-hold vari-
able resistors got swapped with
those for Y-step and Y-hold. The
correct adjustment resistor labels
are "VR4" for Z-step, "VR5" for Z-
hold, "VR2" for Y-step, and "VR3"
and for Y-hold.

schematic

FIGURE 2

e Jumper STEP and DIRECTION of axis to be tested
e Circuit can be used to test controller without using a computer

® When adjusting step current (VR2, 4, 6) use max. step rate
(Both sides of 4066 switches will have the same voltage).

DB-25 Female
Stop
© 1
STEP 14
X o o]
— S 0 o 4
Run 0
&—0 O X 0] g
Single | I_O
Step <|O —0 O 2 O
X
.01 0
——— Y O
CcwW o
.—O—O/ Z .
ccw o |
DIRECTION (o] 25
13

Another correction, but this one
comes about for a different reason.
Last month, | gave the PDM chassis
wiring diagram and wiring table. In
both, | used "J14," "J15," and "J16,"
to designate the 15-pin X-, Y-, and Z-
axis connectors that bring the phase
drive and sense lines out to the
chassis top panel. | numbered them
this way because on my chopper
board — which | got
Camtronics a year ago — the con-
nector numbers stopped at J13.

Well, as I've said, Dan has kept
on improving the board. My board
is the revision from 4-30-2000, but
in later boards, Dan added a J14
connector to make it much easier
to add a fourth axis to a three-axis
system. J14 — an eight-pin MTA
connector — brings all the signals
needed to interface to the
Camtronics single-axis chopper

from
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QUICK and PAINLESS ‘
Programmable Robotics! FIGURE | “'—,gm ey
2 S5l—=s 0000000 oTooToo.“
=T o
‘ = Tl W‘Lg'é‘é‘&“o'o“o“o‘
» * = H g ; x e
grrass g sz i4f°
§8g f8g ) Aot i 1ok
&35 S3e - [ 32
5 gé s S Ll
2838 538 ! ll i
832 g Fhddbbboes
&3 -4 & YrxTo|
i SEERE
|
| 1] H ||-E'{
* COMES PRE-ASSEMBLED W i e
2 e 2 [3le o el = o= lo 2 [2o 2
S a o 2 &
® PRICED LOWER THAN A KIT 2 -éu =52 ' g
5 ~ clE . 5]
® Re-Programmable from your PC 5 3 = g . S . §§. m
® Co-Processor for IR proximity . _[L;, = = l|‘7‘_'\H }J &
vision, Bumpers, Servo - 8 T
Controller, A/D, and MORE s v o o [ . e ;"r;
® Drive servos have Dual Ball 2h T
Bearings for longer life! £, g8 A J\ ]
& o I -
® Lots of free I/0, CPU power, and H I
space for your modifications H = 29
® Genuine top of the line Basic _”i z & Bg
Stamp 2p40® processor from g
Parallax Inc. Great tools, %
manuals, and books available for
training or project development. B ol 8o <
R ] ’!‘*‘*E [ — |—u—o§
JUST ADD 6 AA BATTERIES AND el ) H L%
- [ T | .
- 'i’- 2 8 "‘h E_ ;: Em ’; Y ; 3‘ ;: Y ’90 ‘; Em 9.‘ 52
Blue Bell Design Inc. I B > d ER NI EE > q R S g iRz
= B E § 2 il g E s 12 —=e E = 3
www.bluebelldesign.com Hez oz g Hez 2 g ez _ .z, . g
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Mobile Robotics il | ST |, £ i
=28 5|5 2
Used world wide for research! ;. 2| s Zg % 2|7 Zg % 8| Tz
3 | 1 . IHH & ", IHH 7 - -
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Mobile Robots ‘g T P "3 T » 3 51 ®
: 4] *e ol ] s = "z F] =
Micro Controllers " CINEN b Wi o - iy @
Artificial Intelligence =1z | |5tz =1z | 1z } - 1g
; ET8 BT9 BT3 B T2 RT2 BT
Sonar Units _ap T i T By i
Optics 00bb0ds @i}}é@cox 0bbbbos
. . @ T 5) 3‘ » = @ o 2 ;: » = @ o ? -a: » =
Vision Systems : g .
— board. This is great for folks need- | Figure 2 — the schematic of his | a real smoker, so be sure to bring
ing just one more axis. But it makes | chopper board tester — and Dan | your welding goggles and face
hash of my connector numbering Mauch's latest instruction manual shields. We're gonna make some
scheme. Just to be on the safe side, for the three-axis board is much big sparks, you betcha! NV
henceforth those 15-pin connectors | improved over the version | built my
on the top panel will be known as | kit from. If you have a copy of the
"X "JY," and "JZ." And if | ever | instruction manual from before 6-
design a PDM with the optional 26-2001, 1 highly recommend that
fourth axis, that one will be known | you go to Dan's website
Zagros Robotics as "JA." (http://www.seanet.com/~dmauch
PO Box 460342 /) to get the latest version.
St. Louis, MO 63146-7342 i1
Phone (314)768-1328 Fax (314)576-3568 wrappi“g up i A]ny‘?ll?y' :(hat s all for nbo‘:v‘ Hext
http: "www.zagrosrobotics.com time, | will take you on a brief tour
infol@zagrosrobolies.com Gerald gives a few hints in of Chug, my latest robot project. It's
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il REFILL INKS FOR
INKJET PRINTERS

Refill your old cartridge and

| save. All refill kits come

| with instructions and need-

ed materials for refilling

inkjet cartridges. Available

for Canon, Epson, Hewlett Packard, Apple,
Compaq, and Lexmark printers,

 PRIMECELL §

IF YOU NEED NEW BATTERIES FOR YOUR ELECTRONIC EQUIPMENT
DON'T PITCH EM'- SEND THEM FOR REBUILDING ! - SAVE § §
WE INSTALL NEW Ni-CAD OR NI-MH BATTERIES INTO YOUR CASE,
WE IMPROVE PERFORMANCE TO BETTER THAN ORIGINAL
WE FIX WHAT CAN'T BE FOUND. ( OR AFFORDED )
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.
« WE WILL BE HERE WHEN YOU NEED US / EST. 1986
+ WESAVEYOU*™* MONEY *“* 5§58
WE SERVICE RECHARGEABLE BATTERY ASSEMBLIES FOR ALL TYPES OF ELECTRONICS.
RADIOS, SCANNERS, CORDLESS TOOLS, BAR CODE READERS, GPS, SCIENTIFIC, SURVEILLANCE

- -

GENERAL ELECTRIC

UNIDEN

MPD PLS MPA 4850P § 34.50 APX650 1050 1105 5 32.50
MPD PLS MPA 4880P §39.50 101010701100  §32.50
MPR MPS MPX 763/777 § 30 50 11201200 Series § 32.50
MONOGRAM 4506P1/3 § 37.50 BP2500 650mAh § 19.50

BP205 1600mAh  § 22.50

com
BP2/BP3 /BP22 $ 19.60
BP5/BP23/24 $27.60
BPT I CM7/ BP8 § 34.60
BP167/174/180  § 34.50
CM1401141/166  § 41,60

YAESU
MIDLAND FNB3 4121416 §3285

70-810 B16 B18 B21 $39.96 FNB19 21 26 27 38 § 3295

B25B26 B32Bi6B60 $3996 FNB 101117 25356 23.95

HARD-TO-GET
PRINTER RIBBONS
Gorilla Banana, Commodore, Texas Instruments,
Centronics, Riteman, Apple, Printronix, Star

M AXON SA-1155 1160 §39.95

MOTOROLA
MX300 HTB00 MT1000 STX
NTN 4686 4824 6414 § 37.50

Over 300 different ribbons in stock.

All ribbons new, not re-inked. NTN 6447 6621 £645 §37.50

NLN 6860 NTN 4327 $19.50

Check our web page or write for complete price list.

RADIO SHACK
HTX 202/404  §22.50
NEW NiMh HTX pack
8.4V 1660mAh § 39.60

KENWOOD
PB2/6/33/34 $ 28.50
PBT/8/9/13/14/118 $ 34.50
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 § 36.50
Any brand 14.4V § 38.60
Any brand 18.0V § 44.50

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://members.home.net/htorr/index.htm D
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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 htip://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
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The Nuts & Volts of
BASIC Stamps
Volumes | & 2

Order Both Volumes For $49.95!

*... i1 as much of a BASIC Stamp
reference book as it is an
application idea guide ...”

il\h;t\sq:\c Volts H'IZ% ;& Volts ] ) 1
Samps Nt Stamps Call our orderline at 1 800 783-4624
7 : # e $29.95 Or order online from the Nuts & Volts
. el each Bookstore
WA, nutsvoltrs. com
S

The Standard for checking
Capacitors in-circuit

T 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 88A

Available at your distributor, or call 561-487-6103

Electronic Design Specialists

e Y T N T

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?
$179 =S

Your DVM shows the same shorted reading all
along the peb 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

www.eds-inc.com
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New! :
Educational! Fun!

Beginner Level. Complete
instructions. No special tools
needed. Terrific Value Price:

only $19.95

Visit our web site - see our
fantastic line-up of exciting
& state-of-the-art robot kits.

New, Improved

Soccer Robot

ROBOTIKITS

DIRECT
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With T] Byers

In this column, I answer questions about all aspects of
electronics, including computer hardware, software, cir-
cuits, 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: TIBYERS@aol.com or by snail
mail at Nuts & Volts Magazine, 430 Princeland Ct., Corona,
CA 92879.

What's Up:

Do plants show fear? Discover for yourself
using a Backster monitor. A collection of
circuits: busy phone, five-amp current reg-
ulator, FM transmitter, and dynamic micro-
phone preamp. Finally, all about voltage
clamps and the atomic clock.

Backster Effect

.« I've been looking for a sim-
ple circuit to detect electri-
cal changes in plant leaves,
specifically the Backster effect.
While the original work was done
with a conventional lie detector,
my idea is to use an amplifier that
would output to an oscilloscope.
The input would be from two elec-
trodes with low conductivity paste
on them. Do you have any ideas
on the subject?
Gary C. Grinnell
Townshend,VT

Clive Backster is credited

"\ with the "discovery" of what

he calls "Primary Perception" and
others call "The Backster Effect.”
His research journey started with
the 1966 almost accidental redis-
covery that plants respond to the
spontaneous emotions and
strongly expressed intentions of
humans. Using an instrument to
measure galvanic skin responses
(GSR, a part of his polygraph),
Backster attempted to determine
if it would measure the moment of
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rehydration of a plant whose roots
were freshly watered. It did not. To
his surprise, though, the GSR
meter registered his threat to burn
the plant leaf when he sponta-
neously thought of the idea.

Most lie detectors use a
Wheatstone bridge to measure
changes in skin resistance.
Unfortunately, the instrument is
prone to drift and needs frequent
recalibration. So much so, in fact,
that NASA has replaced a good

portion of their Wheatstone
bridge instruments with a more
stable current loop circuit.

Pioneered by Karl F. Anderson,
the current loop has a lower noise
level than data from comparable
Wheatstone bridge circuitry, and
is unaffected by lead resistance.
See Figure 1.

The unique part of this design
is the fourterminal measuring
system. A constant current, main-
tained by the LM10 current refer-
ence IC is passed through the
sense resistor (electrodes), which
generates a voltage proportional
to the resistance. This voltage is
measured by a high-impedance
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op-amp via the sense leads.
Because the input impedance of
the amp is substantially higher
than the sense resistor, no appre-
ciable voltage is lost through the
sense leads. The 350-ohm refer-
ence resistor develops an offset
voltage, which is subtracted from
the output voltage to center the
output at zero when the sense
resistor is at equilibrium. This out-
put can be input to any voltage
measuring device, such as a DVM
or oscilloscope.

Busy Phone Indicator

| am looking for a tele-

phone line indicator circuit

where an LED can be connected

to any telephone line to indicate

when the line is ringing and when

the phone is off-hook, similar to

those used on most multi-line
telephones.

L. Somers

via Internet

I'm looking for a simple
circuit that will light an LED
at one phone jack while another
phone or modem is in use (like
when my wife is on the computer
in another room). I've built testers
that will indicate an active line
active when the phone is on-hook
(just an LED and current limiting
resistor), but I'm not sure how to
sense and display an off-hook
voltage. Maybe some kind of logic
gate?
Quinn Michael
via Internet

There are several circuits

" that can do what you ask,

but most use a separate power
supply. | kinda prefer tapping into
the telephone company's power
which is more stable and reliable
than a wall-wart or battery. After

some thought, | came up with the
following design. The bridge recti-

fier isn't really used for rectifica-
tion; its primary purpose is to pre-
vent reverse polarity when plug-
ging into a phone outlet. Most
phone lines measure 48 volts on-
hook and 10 volts off-hook
(although this will vary by the
provider and the distance to the
central station). Using those
parameters, when the phone is
on-hook, the line voltage exceeds
the breakover voltage of the 15-
volt zener, which causes Q1 to
turn on and short out the base
voltage to Q2, turning it off.

Put A Clamp On It

. Could you give a descrip-
tion and capabilities of
clamp circuits? | have searched
several electronics books and
magazines, but it seems to be a
topic that's only covered in vacu-
um tube books, nothing related to
solid-state. Specifically, what fre-
quencies can be clamped? Can
video and audio frequency signals
be clamped to a near zero level
that fluctuate as much as five
volts above zero reference?
Larry Keller
via Internet

To begin with, a clamp

refers only to voltage not
frequency, which means it works
with everything from DC up to the
highest radio frequencies.
Basically, it's a circuit which



places a lid on how high a voltage
can go. For example, a one-volt
clamp will limit an input voltage to
one volt output, no matter how far
beyond one volt the input signal
may stray. Below one volt, the
input signal assumes its normal
value and is unaffected by the
clamp.

Where are clamps used? In
any application that requires a
limit on voltage excursions — like
voltage regulators, for example.
Traditional power supply regula-
tors work on the principle of
reducing a higher voltage to a
lower voltage using a voltage
clamp. A simple zener diode,
shown in Figure 2(a) in the draw-
ing below, is a perfect example of
a voltage clamp. In fact, any diode
can be used for a voltage clamp
(b) by stacking them to take
advantage of their forward voltage
conduction. If two diodes are
placed back to back, a sinewave
can be converted into a square-
wave (c) and (d). Note that the
ratio between the peak input volt-
age and the clamp voltage deter-
mines the rise and fall times, i.e.,
the larger the ratio, the faster the
rise and fall times.

Voltage clamps are also used
for audio and video signal condi-
tioning, especially in the broad-
cast industry. It's no secret that
TV commercials are always loud-

because they pack more audio
power into the signal by clipping
the announcer's voice voltage
peaks using a voltage clamp (e),
resulting in a gain of almost 15dB
more sound than without the clip-
ping. The video signal also uses
clamps, this time to block por-
tions of the video during horizon-
tal and vertical retrace, and for
editing video tapes. Last but not
least, clamps are used everyday
for surge and over-voltage protec-
tion (MOVs and the like). Bottom
line: Anytime you need to put a lid
on a voltage, use a clamp.

High-Power Constant-
Current Source

. Do you have a schematic
“for an adjustable constant-
current power supply? | need
about three to five amps at
around 24 volts DC for a plastic
foam cutting wire. My present cut-
ter doesn't control the current,
which causes temperature shifts
that often lead to burned-out
wires.
Jim Halbert
via Internet

A, I'm not sure a constant-
current source will cure all
your temperature control prob-

lems, but it may go a long way
toward making the cutting wire

regulator can be made using
nothing more than a transistor,
zener diode, and a couple of resis-
tors. Personally, | prefer using an
integrated voltage regulator, like
the LM338. With proper heatsink-
ing, this regulator will easily han-
dle up to five amps of regulated
current using the configurations
shown below.

LM338 MWS
+N INOUT
1 ohm
coM Rheostat
=
-—l_m qu
- = 125 =
lout=——
. R

The rheostat is a high-power
variable resistor that you can buy
from Mouser Electronics (800-
346-6873; www.mouser.com).
The 0.24-ohm resistor limits the
output current to five amps. The
input voltage can be any source
up to 30 volts DC. And that's it —
except for the 0.1 and 1 uF caps,
which must be placed as close to
the LM338 as possible. For those
readers who would like to have a
constant-current source with less-
er currents, you can substitute
any LM78xx or LM3xx series reg-
ulator, and adjust the series resis-
tor, R, accordingly. For example,

100 mA = 1.25/R = 12.5 ohms.

a HT680 encoded transmitter in
each greenhouse with an old ther-
mostat to monitor the tempera-
ture and activate the transmitter if
the temperature falls too low. In
my house, there would be an AM
or FM radio that would monitor
the transmitters and alert me as
to which greenhouse was trans-
mitting. | have found plans for the
radio decoder circuit, but cannot
find a diagram for a transmitter
and encoder. What | need is a
crystal-controlled transmitter cir-
cuit with a range of about 300
feet.
Richard Stimpson
Freeland, Ml

A, This is a simple request
that can be filled by almost
any wireless microphone circuit —
except for the crystal-control part.
Here's one of those circuits that
has been modified to accept a
crystal. The circuit is using the
third harmonic of the crystal to
generate a 99-MHz RF output.
This frequency falls between the
assigned FM band frequencies of
89.9 and 99.1, so there should be
no interference from a local trans-
mitter. If there is a strong local
station near that frequency, you
can pull the center frequency off
slightly by adjusting the variable
capacitor.

er than the program. That's | last longer. A constant-current L1 = 6 tums 24# kK 7
Crystal-Controlled on 1/4 form
Rs Rs FM Transmitter BEEE s
Vin Vout=Yz Vin Yout = 0.7V x number of diodes
—— INA148 q I have a smal! part-tjrlne Audahn _‘rf
(a) greenhouse business with
1 1N4148 eight, heated greenhouses. | S5
- haven't had a heat failure yet, but ' I
1N4148 | worry about it. | plan on putting = =T = =
e YeR=vIeOTV " Vip=14v Cool Web Sites!
f\f J_L,_ I\J' ‘rl_|' AdSubtract SE
This free utility prevents Web ads from appearing and selectively
Zener +8V ; 3 ;
1N4148 blocks cookies. The program works with Internet Explorer, Netscape
(C) Zener (d:l Navigator, and America Online. This version displays a verification
dialog box before cookies are blocked, allowing you to choose the
= - cookies that you want to keep. Two paid versions (CE and Pro) offer
o 1% o advanced cookie management and give you the ability to block ani-

mations, Java and JavaScript applets, and pop-up windows.

http://www.adsubtract.com

Calculators for electronic formulas. Great for class work or
just calculating the values for that tank circuit you're designing.
= http://www.citlink.net/ " bhamre/
A_Electron/Electronic_Calc.htm

2N2222A,

Conversion tables for area, length, power, weight, and more.
http://adamite.igs.indiana.edu/indgeol
/reference/conversions.htm#A

f

Nuts & Volts Magazine/Maren 2002 63



The tuning coil, L1, is an
open-air coil made by winding six
turns of 24 AWG magnet wire
(enamel covered copper wire)
around a wooden pencil; the tap
is taken at the second turn (turn
2). Parts layout is fairly critical,
which means the tuning cap
should be as close to the coil as
possible, and it would be best if
you created a printed circuit
board if you plan on doing them
in the quantity you describe. Ideal
antenna length is six to nine inch-
es; use nothing over 12 inches to
comply with FCC rules. If you
need more range, up the battery
voltage from nine volts to 12
volts.

Low-Impedance
Mike Preamp

| have Technics RP3330
cardioid dynamic micro-
phone rated at 400 ohms. | am
trying to plug it into a Technics
RS-T9023 cassette recorder which
requires 60 mV or better. | bought
a QK98 preamplifier kit from
www.gkits.com, but it only pro-
vides 23dB of gain, which is insuf-
ficient. Even two of them in series
isn't enough. | am fairly certain
that | built them correctly,
because it works with my Dean
Markley magnetic guitar pickup. |
would prefer to buy off-the-shelf,
but [ am not against kit building or
circuit breadboards. Do you have
any suggestions?
Greg Lehmann
via Internet

4%« | think your problem is
L with impedance matching
of the amplifier, and not its gain. If

| interpret the QK98 design cor-
rectly, it uses a high-impedance
input with a DC feedback transis-
tor pair, which isn't optimum for a
low-impedance dynamic micro-
phone — a transducer that's nor-
mally interfaced via a 600-ohm
matching transformer. | know you
wanted to buy off-the-shelf or a
DIY kit, but I can't seem to find
one that I'd consider in your price
range. Instead, | modified a circuit
that | found from Elliott Sound
Products at www.sound.au.com
(sorry, they don't provide a kit at
this time). See Figure 3.

The impedance matching is
correct for a 600-ohm input. The
gain can be varied from zero up to
40 (32dB), with an output of over
one volt peak-to-peak using a
dynamic microphone. The use of
metal film resistors is a must to
get the best possible noise per-
formance, and the capacitors
should be quality aluminum elec-
trolytic, not tantalum. The design
requires a regulated voltage of 15
volts.

Auto Audio Amps

. . | would like to monitor the
* current flow through my car
power amp, which draws in the
range of 30 to 60 amps. A DC
clamp meter would be ideal
because | wouldn't have to break
the power lead to insert an amme-
ter. However, | cannot find any
information on AC/DC clamp
meters and how they operate. |
was wondering if a PIC or similar
circuit could be built to remotely
monitor the current?
Qui Nguyen
via Internet
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M. . | suppose you could mon-
itor the current with a PIC,
but why when it can easily be
done using a variety of automo-
tive ammeters found at any auto
parts store? Basically, there are
three types of ammeters for car
use. The most common is a series
ammeter which has an internal
shunt. To install it, you need to
break the power wire and insert
the meter, which is what you want
to avoid. The second type of
ammeter uses an external shunt,
typically of the 50 millivolt variety.
Again, the circuit has to be broken
and the shunt inserted. The
advantage is that you can place
the shunt inside the dash and run
a smaller wire to the meter itself.
The third meter is called an induc-
tive ammeter. With this meter, the
circuit doesn't have to be broken.
The power wire is physically
clamped to the back of the meter,
where the magnetic field created
by the current flow deflects the
needle.

Still want to use a DC clamp-
on ammeter? Get your check-
book ready, because they don't
come cheap. Almost all use a lin-
ear Hall-Effect sensor that gener-
ates a voltage that's proportional
to the magnetic field created by
the current flow. This voltage is
amplified, scaled, and usually dis-
played on a digital readout. Check
out Fluke's web site at
www.fluke.com for more infor-
mation and video demos.

Can Dead Gel-Cell
Batteries Be Revived?

My question is about the
sealed lead-acid batteries
that are in all the UPS systems
and other devices. | had a dead
unit that wouldn't accept a
charge. With nothing to lose, |
opened it by popping off the
external caps (most had a small
amount of pressure on them), put
a few drops of water in each cell,
and recharged the battery. It
seems to work, but I'm not sure
it's the right thing to do. Can a
person do anything to salvage
these units or should they just be
properly destroyed?
Gary Regez
Mundelein, IL

Many of us have spent

small fortunes on gel-cell
batteries, because of their adver-
tised advantages. We have also

had them die in a short period of
time. That's because gel-cells are
highly susceptible to damage
from two common factors: ambi-

ent temperature and the charge
rate.

When the temperature of the
battery goes up, gassing occurs
and the plate structure begins to
degrade. Elevated temperatures
within the battery can result from
either internal heat from over-
charging, or from ambient tem-
peratures.

In contrast to wet-cell batter-
ies (the kind used for automo-
biles), gel-cell batteries are manu-
factured using a silica gel and
acid electrolyte mixture that sur-
rounds the plates. The charge rate
of gel-cell batteries is critical,
because overcharging can cause
the electrolyte to gas off, and it
can also elevate the battery's
internal temperature. As the
charge current and/or tempera-
ture increases, voids develop
between the gel matrix and plate
to allow for the passage of gasses.
This renders that area of the cell
inert, which reduces the capacity
of the gel battery.

In fact, a charge rate in excess
of 2.4 volts per cell can destroy a
gel battery in hours. The battery
chemistry is most stable between
the temperatures of 60 and 77
degrees. For every 18 degrees
above 75, the life of the battery is
cut in half.

Can a gel-cell battery that
won't take a charge be resurrect-
ed? Maybe. If a battery is com-
pletely discharged, all of the reac-
tive materials are converted and it
may very difficult to reverse the
chemical reaction. However, some
batteries are designed with a plate
size imbalance and/or catalyst to
help control gas generation and
aid in deep cycle recharging.
While the battery will never fully
recover, it might come back as
much as 80 percent.

First, remove all the charge
from the battery using a medium
load, like a car headlight. If neces-
sary, get rid of the last remaining
charge by shorting the battery ter-
minals with a heavy wire for a few
hours. Don't let the battery sit for
long after it's totally drained, or
sulfating will begin. Now, recharge
the battery using a "smart" bat-
tery charger, one that monitors
the charging current and/or time
and adjusts it accordingly.

Now as for your '"rejuvenat-



ing" method, the valve-regulated
gel battery is the most common
type. These types of sealed bat-
teries have a spring-controlled
valve that vents gasses at high
temperatures and charging rates.
Since electrolyte levels are pre-
served by trapping and recombin-
ing off-gasses, there should not be
any need to add distilled water
over the life of the battery. In fact,
electrolyte levels cannot, and
should not, be maintained. It
appears that the water you added
has filled some of the voids and
provided a path for charging cur-
rent. You might try replacing the
pressure valves and use the
recovery method outlined above,
but [ wouldn't hold out much hope
for a long battery life.

Zero Crossing Aids More
Than RFI Suppression

. My question is in regards
to the "SCR Principles and
Circuits" article by Ray Marston in
the Jan. 2002 issue (page 22).
The author does a great job of
explaining the subject, but | would
like to see the circuitry required to
provide the phase delay switching
shown in Figure 15. | have experi-
mented with this using both back-
to-back SCRs, as well as triacs to
obtain outputs of the full (both
halves) AC waveform, but can
never seem to get any circuits to
perform as close to the ends as
the drawing shows. It would also
be desirable to use an optoisola-
tor in the design.
Don Pomeroy
via Internet

The problem with low-
“.angle triggering of SCRs
and triacs is the extremely low
voltages at the far ends of the
sinewave. The solution is to detect
when the waveform crosses the
zero voltage line, from which you
can accurately set a fixed delay
78L12
N OUT

for triggering of the SCR or triac.

In Figure 4, the transistor gen-
erates a pulse with each zero
crossing of the sinewave. This
pulse triggers the 555 mono-
stable (time-delay) multivibrator,
which fires the triac when the
timer has expired. The blocking
diode between the collector of the
transistor and the center tap of
the transformer guarantees that
the transistor's base circuit will
see the crossing voltage. Once
beyond the diode, the 100uF
capacitor filters the rectified DC
and provides the voltage needed
to power the 555 timer and
optoisolator. Not only does zero-
crossing triggering eliminate RFI,
it lets you more accurately time
the AC power duty cycle.

Accessing The Game
Port From Visual Basic

4% . Can you point me to any
#54.. resource explaining how to
access a game port from a Visual
Basic program (read the poten-
tiometers and buttons)? I've got
several books on VB, and they
don't address this point.
Steve Roberts
via Internet

A . The easiest way for Visual
"\ Basic programmers to
access the joystick port is to use
the calls of "joyGetPosEx" and
"joyGetDevCaps" (remove the
quotes) in winmm.dll. In modern
games, joysticks are read using
the Directlnput part of DirectX
gaming APl By working directly
with device drivers, Directinput
bypasses the Windows messaging
system. Check out "May The
Force Feedback Be With You:
Grappling with DirectX and
Directinput” at www.microsoft
.com/msj/defaultframe.asp?p
age=/msj/0298/force.htm&na
v=/msj/0298/newnav.htm for
details.
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Time Around The World

. | have a radio-controlled
atomic clock that | pur-
chased in Germany, but the clock
will not keep time here. Is there a
difference between the atomic
time frequency in Europe than it
is the US? If so, is it possible to
maybe change the frequency (a
crystal?) to convert it for US use?
Ray Samples

via Internet

A The frequencies are
indeed different. In the US,
the frequency is 60 kHz, with its
transmitter located at Boulder,
CO. In Germany the frequency is
77.5 kHz, with its towers located
10 miles outside of Frankfurt. In
addition, there's a third atomic
clock transmitter located in
Allous, France that transmits on
162 kHz. Even if you could alter
the receiver to match the local
clock transmitter frequency —
which is very doubtful — the time
formats are different. In other
words, your German clock would-
n't understand a word the US
transmitter is saying.

By the way, are you aware
that you can access the atomic
clock via the Internet? The
address is http://nist.time.gov/.
Moreover, you can have the atom-
ic clock set your PC clock auto-
matically. All you need is the file
NISTIME-32.EXE, which you can
download from our web site
(www.nutsvolts.com). You can
have the Internet update your PC
clock on a on-demand or at
scheduled periods, you choose.

MAILBAG

Dear TJ:

Michael Kiley wrote about
auto-transformer attenuators for
70-volt speakers. Full Compass
Systems (800-356-5844;
www.fullcompass.com), from
looking at their web site, is prima-
rily a supplier for pro-audio and
music customers. Another source
for these level controls is MCM
Electronics (800-543-4330;
www.mcmelectronics.com),
stock numbers 555-2022, 555-
2023, and 555-2029. They come
in different finishes, are rated at
25 watts RMS, and sell for just
under $17.00.

Your reply to Will Smith about
theremins didn't mention another
source for them, PAIA

Electronics (405-340-6300;

http://paia.com). Their ad on

page 43 shows thermins at half

the price of the Kkits from
Theremin World.

Bill Stiles

via Internet

Dear TJ:

| have a concern regarding
your response to Curt Powell
regarding GSM/TDMA/CDMA
phones. You state: "The band is
divided into 395 voice channels,
with a bandwidth of 30 kHz ..
Between eight and 10 phone calls
can be carried per channel using."
I'm afraid this only applies to
AMPS (Advanced Mobile Phone
Service) and TDMA. (Normally
the term "channel" in CDMA
refers to the pilot, paging, sync, or
traffic channels. However, for pur-
poses of our discussion, | will use
"channel" to be indicative of fre-
quency.) A CDMA ‘"channel" is
1.25 MHz-1.23 MHz, plus 10 kHz
on each side that act as guard
bands — and can theoretically
carry up to 64 conversations —
the number of available Walsh
codes. In actual practice, this
number ranges from 30 to 40,
give or take, based upon the cur-
rent noise floor. (A much more
efficient use of spectrum, com-
pared to AMPS or TDMA, | might
add.) Perhaps this is a little too
much information for his ques-
tion. The only real correction is
the bandwidth of a CDMA "chan-
nel."

Since Mr. Powell is shopping
for providers, it should also be
noted that CDMA uses rake
receivers and employs "soft-hand-
offs," both of which are unavail-
able with TDMA. In other words,
the phone should drop calls much
less often than one employing
TDMA.

(PS: No, | don't work for
Sprint or Qualcomm. I've simply
studied both technologies in my
spare time, and | suppose ['ve
become biased toward CDMA..)

Brian Hill
via Internet

Check out the NV Bookstore
on page 83. Our new expand-
ed listing has something for

just about everyone. If you

don't find what you need
here, check our website at
www.nutsvolts.com
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Modern Component Families and

Circuit Block Design

by Nihal Kularatna
ith rapid advancements in

electronics and integrated
circuits, it is very important to uti-
lize the design approaches and
details previously found only scat-
tered in a vast array of application
notes, engineering bulletins, and
data books. Modern Component
Families and Circuit Block Design
gathers and summarizes this
material in a single volume, and
also provides a designer's view-
point on modern components.
This book provides a practical approach to design problems
rather than a generic analysis of broad engineering issues.

MODERN (OMPONENT

@_J NIHAL KULARATNA

How to Do Everything
with Your Scanner

$24.99

, Contains projects, resources,
ideas, and simple instructions

to help you get the most from
your scanner for home or busi-
ness use.

Learn to use all your scanner’s
features, as well as professional-
caliber image-editing tools that
| enable you to do everything from
| colorizing black-and-white photos
| to switching heads, bodies, and
backgrounds. Explore graphic
concepts including color correction, resolution, and image
optimizing — plus scanner repair, troubleshooting, and more.
Let this great resource show you how to enhance and pre-
serve your family memories, and create state-of-the-art, pro-
fessional images — all with your scanner.

by Jill Gilbert

o

€MOS Projects and
Experiments: Fun with
the 4093 Integrated Circuit

by Newton Braga $34.99

OS Projects and
Experiments includes instruc-
tions to build over 100 unusual
and useful projects. They include
audio and RF devices, lamps,
LEDs, timers, alarms, inverters,
and much more. This book offers

NEWTON-€CBRAGA
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hobbyists and students a satisfying, practical way of learning
about a hot topic in electronics today.

Among the devices you can build using this book are a
touch-controlled oscillator, a light-controlled oscillator, insect
repellent, a metronome, a Morse code tone generator, a CW
transmitter, a two-tone siren, a neon-lamp flasher, an auto
turn-off relay, a turn-off timer, a touch-controlled motor, a
bistable sonic relay, a coin tosser, a freezer alarm, an ultravio-
let lamp, a simple fluorescent lamp inverter, a nerve stimula-
tor, and an experimental high-voltage generator.

How to Do Everything with Your

Palm Handheld 2nd Edition
$24.95

by Dave Johnson and Rick Broida

his book will help you master

all the powerful features of your |
Palm handheld. Learn about new
software and accessories, connect
to the Internet, play games, man-
age your contacts and calendar,
and much more — all in a easy to
follow format. You’'ll get step-by-step
instructions for preparing your
Palm for busainess trips, beaming
information to other handhelds, and
even troubleshooting common problems. Learn absolutely
everything about your Palm handheld by reading the newest
edition of the book many say should replace the manual.

The Do-It-Yourself PC Book
An lNHlustrated Guide to Upgrading
and Repairing Your PC

by Kyle MacRae $24.99
Do-lt-Yourself
his highly illustrated full-color PC Book

guide is the easiest way to
master the art of upgrading, main-
taining, and repairing your PC.
Written with humor and simplicity,
The Do-It-Yourself PC Book
demystifies and explains the inner
workings of your computer and
makes it easy for anyone to give
their old machine a boost or keep their new one in perfect
working order. Each chapter features clear explanations and
step-by-step instructions while the accompanying full-color
photographs show you every procedure and component. You
get all the essential facts quickly and painlessly in special
“techie-corner” and “trouble-shooter” features.

These new titles can be ordered from the Nuts & Volts Bookstore.
Call 1-800-783-4624 or visit our web site at www.nutsvolts.com




Triac Principles and
Circuits — Part 2

By Ray Marston

Ray Marston concludes his description of triac principles and circuits in the final episode of this two-part mini-series.

ast month's opening episode of this two-part feature explained

triac basics, looked at various practical triac power switching cir-

cuits, introduced optocoupled triacs, and explained basic synchro-

nous 'zero-voltage' power switching principles. That episode con-
cluded by pointing out that the simplest way of making a really efficient
synchronous 'zero-voltage' triac-driving circuit is with the aid of a special-
purpose IC that functions as an optocoupled low-power synchronous 'zero-
voltage' triac that can easily be used as a slave for synchronously driving
a normal high-power triac. This month's concluding episode gives practical
details of such circuits, together with other triac-related circuits and infor-
mation.

Optocoupled synchronous power switching

Synchronous ‘zero-voltage' triac-driving circuits are widely used in
modern electric heating and filament-lamp lighting control systems. Until
fairly recently, several companies produced special synchronous 'zero-volt-
age' triac-gating ICs for use in such applications; the best known of these
ICs were the CA3059 (from RCA) and the TDA1024 (from Signetics),
which each had built-in AC-derived DC power supply circuitry, a zero-cross-
ing detector, triac gate drive circuitry, and a high-gain differential amplifi-
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Figure 1. Typical optocoupled synchronous ‘zero-voltage' triac outlines
and pin notations.
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Figure 3. Basic power switching system using an optocoupled synchro-

nous 'zero-voltage' triac.

er/gating network.

In the mid-1990s, however, all of these ICs were made obsolete by the
introduction of a new and modestly-priced type of IC that functions as an
optocoupled low-power synchronous 'zero-voltage' triac that can easily be
used as a slave for synchronously driving normal high-power triacs.

Several companies (including Isocom, Motorola, Sharp, Siemens, and
Toshiba) manufacture optocoupled synchronous zero-voltage triacs. Most
of these devices take the form of a six-pin DIL IC, as shown in Figure 1, and
house a simulated triac that has its gate drive controlled via an integral
photosensitive zero-crossing detector (ZCD), which can be remotely ener-
gized via an integral LED. Typically, this type of optocoupled triac has max-
imum AC ratings of 400V peak and 100mA RMS (with a surge rating of
1.2A for 10m S), will only trigger when the instantaneous AC voltage is
below a fixed zero-cross inhibit voltage (V) value of £15V nominal (+25V
maximum), has a maximum LED forward current rating of 60mA, has a
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typical input current trigger sensitivity of 8mA or less, and the entire pack-
age has an isolating voltage rating of several kV.

Optocoupled synchronous zero-voltage triacs are easy to use and pro-
vide excellent electrical isolation between input and output. The input is
used like a normal LED, and the output like a low-powered triac. In most
practical applications, the optocoupled triac is used to activate the gate of
a 'slave' triac, thereby driving a resistive AC load of any desired power rat-
ing. Figure 2 shows a practical circuit of this type, which can be manually
or automatically switched on or off via a DC input current. Note in Figure
2 that R1 is used to limit the peak switch-on current of the optocoupled
triac (and thus the peak gate current of Q1) at IC1's absolute maximum
V) value minus 2V, i.e., typically at 23V; with the R1 value shown, the peak
switch-on current is limited to 280mA. R2 is used to limit the LED input cur-
rent of IC1 to a sensible working value.

Figure 3 shows one way of incorporating the above circuit in a com-
plete electric power switching system. Here, when SW1 is closed, the AC
power line is connected to both the load/Q1 circuitry and to the primary of
low-power transformer T1, which has its output converted into a 12V DC
supply that powers IC1's LED control circuit, which is electrically fully iso-
lated from the AC supply. The LED control circuit can take any of a variety
of forms; some simple examples are shown in Figures 4 to 7. The simplest
LED control circuit that can be used in the Figure 3 system consists of an
on/off toggle switch that — when closed — connects the IC1 LED to the 12V
DC supply via a 680R resistor that limits the LED 'on' current to about
15mA, thereby switching the electric load fully on.

Figure 4 shows a dual push-button LED control system, in which the
LED and load turn on when S1 is briefly closed, and off when S2 is briefly
closed. Here, CMOS NOR gates [Cla-IC1b are wired as a manually trig-
gered bistable multivibrator that has its output buffered by emitter follower
Q1 and latches into the 'output high' state when S1 is briefly closed, there-
by energizing the circuit's red LED via R3 and feeding a 15mA control cur-
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rent to the LED input of the optocoupled triac. The bistable latches into the
'output low' state when S2 is briefly closed, thereby killing the DC power
feeds to the red LED and the triac.

The Figure 4 circuit gives purely manual on/off LED control of an elec-
trical power load such as a heater. Figure 5 shows a simple circuit that also
provides the option of automatic control via an adjustable thermostat
switch that is normally closed but opens when its temperature exceeds a
selected value. Here, the red LED and the electric heater are off when SW1
is in the '"off position or in the 'auto’ position when the thermostat is open,
but are on when SW1 is in the 'on' position or in the 'auto' position when
the thermostat is closed.

Figures 6 and 7 show high-precision versions of the basic Figure 5 cir-
cuit, with the thermostat replaced by a temperature-sensitive electronic
switching circuit. The Figure 6 circuit uses an ordinary silicon diode (D1)
as a thermal sensing element. Here, zener diode ZD1 is wired in series with
R1 so that a constant 5.6V is developed across the two potential dividers
formed by R2-R3-RV1-RV2, and R4-D1, and a near-constant current thus
flows through each of these dividers. A constant reference voltage is thus
developed (via RV1) between the R1-ZD1 junction and pin 2 of the 741 op-
amp, and a temperature-dependent voltage with a coefficient of -2mV/"C
is developed between the R1-ZD1 junction and pin 3 of the op-amp. Thus,
a differential voltage with a coefficient of -2mV/"C appears between pin 2
and pin 3 of the op-amp, which is wired as a high-gain (open loop) voltage
comparator with slight hysteresis applied via R6.

In Figure 6, RV1 is a linear rotary pot that is used to manually adjust
the heater system's operating temperature over a +10°C (nominal) range,
and RV2 is a multiturn preset that is used to set the circuit's nominal (with
RV1 at mid-scale setting) trip temperature. To initially set up the circuit, set
RV1 to mid-scale, adjust the temperature of D1 to the desired mid-scale trip
value, then trim RV2 so that the red LED is on, but goes off again if the D1
temperature is increased slightly (by briefly applying finger heat to D1). In
practice, the circuit has a typical switching sensitivity of about 0.5°C. The
Figure 7 circuit uses an inexpensive NTC (negative temperature coeffi-
cient) bead or disc thermistor, with a nominal resistance of 4k7 at 25°C, as
its thermal sensing element. Here, potential divider RV1-TH1 applies a tem-
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perature-sensitive voltage to pin 3 of the 741 op-amp, and potential divider
R1-R2-RV2-R3 applies a preset reference voltage to pin 2 of the op-amp.
The two potential dividers are actually wired in the form of a Wheatstone
bridge, and the op-amp is used as a high-gain bridge balance detector; the
bridge balance point is unaffected by variations on supply voltage.
Capacitors C1 and C2 help to ensure circuit stability.

The action of the Figure 7 circuit is such that (when SW1 is in the Auto
position) the output of SW1 is normally low but switches high and activates
the red LED and the external triac when the TH1 temperature is below a
value pre-set via RV1 and RV2. RV2 is a linear rotary pot that is used to
manually adjust the heater system's operating temperature over a limited
range, and RV1 is a multiturn preset that is used to set the circuit's nomi-
nal (with RV2 at mid-scale setting) trip temperature. To initially set up the
circuit, set RV2 to mid-scale, raise the temperature of TH1 to the desired
mid-scale trip value, then trim RV1 so that the red LED is on, but goes off
if the TH1 temperature is increased slightly.

Note that the Figure 7 circuit has a typical switching sensitivity similar
to that of the Figure 6 design (about 0.5°C), but that its thermistor has a
far longer thermal time constant than the sensing diode of the Figure 6 cir-
cuit; the Figure 7 circuit is thus slower-acting than the Figure 6 circuit. Also
note (in Figure 7) that the thermal 'span' range of RV2 can be increased
(or reduced) by increasing (or reducing) the value of resistor R2.

Finally, note that — in all cases where an 'automatic' heater-control cir-
cuit is used to regulate the temperature of a room — the actual thermal sen-
sor device (thermostat, thermistor, or sensing diode) must be sited rough-
ly one meter above floor level, in a position where it can directly and safe-
ly sense the temperature of normally-circulating air; this position must be
free of drafts or direct radiation from the heater, and must not be obstruct-
ed by furniture, etc.

‘Burst fire' AC power control principles

There are three basic ways of controlling the AC power feed to resistive
loads such as filament lamps or electric heaters via a triac. One of these is
the variable phase-delay-switching system, which gives fully-variable power
control and is often used in lamp dimmers, but generates substantial RFI
and is thus unsuitable for driving high-power (greater than about 200W)
loads. The second is the synchronous zero-voltage power switching system
(see last month's Figure 19), which generates minimal RFI but gives only
a simple on/off — rather than fully-variable — type of power control.

The third method of AC power control is the burstfire integral-cycle
system shown in Figure 8, in which bursts of complete half-cycles are fed
to the load at regular line-frequency-related intervals. Thus, if bursts are
repeated at eight-cycle intervals, the mean load voltage equals the full sup-
ply line value if the bursts are of eight-cycle duration, or half voltage (equals
quarter power) at four-cycle duration, or one-sixteenth voltage (equals
1/256th power) at one half-cycle duration, etc. The burst-fire system thus
gives variable power control and generates minimal RFI, and is often used
to control the thermal output of electric heaters. Note that the burst-fire
integral-cycle control system operates on the synchronous 'zero-voltage'
triac switching principle, and practical circuits of this type can thus be
made by using suitable control circuitry in conjunction with the basic
power switching system of Figure 3. Two suitable circuits are shown in the
next section of this article.

'‘Burst-fire' heater control circuits

The optocoupled synchronous circuits shown in Figures 2 to 7 all —
when powering a heater load — give a simple form of control in which the
heater is either fully off or is operating at maximum power. Figures 9 and
10 show circuits that drive the heater in the synchronous burst-fire mode,
thus enabling the heater's thermal output to be varied over a wide range.
The Figure 9 circuit enables the heater's thermal output to be varied man-
ually, via RV1. The Figure 10 circuit varies the heater's output automati-
cally, to maintain a room's temperature at a precise pre-set value.

The operation of the Figure 9 circuit is fairly simple. Here, IC1 (a
CMOS version of the 555 'timer' IC) is wired in the astable mode and gen-
erates a repeating ramp waveform across C1. This waveform has a period
of about 680mS (thus spanning roughly 68 half-cycles of a 50Hz power line
waveform or 82 half-cycles of a 60Hz waveform during each period) and is
centered on half-supply volts and swings symmetrically between 1/3rd and
2/3rds of supply voltage value. This waveform is fed to pin 3 of op-amp IC2
via R3, and linear rotary pot RV1 feeds a DC reference voltage that is vari-
able from below 1/3rd to above 2/3rds of the supply voltage value to pin 2
of the op-amp, which is configured as a high-gain voltage comparator.

The net effect of the above circuitry is that IC2 converts the 680mS
ramp waveform into a switched rectangular output waveform with a
mark/space (M/S) ratio that is fully variable from 0:1 (output low for the
full 680mS period) to 1:0 (output high for the full 680mS period) via RV1.
When SW1 is switched to the Man (manual) position, this output is fed to

the input of the Figure 3 optocoupled synchronous electric heater control
system, where it enables the mean power input to the heater to be varied
(via RV1) from zero to maximum in 68 discrete 'half-cycle' steps in a 50Hz
system or 82 steps in a 60Hz system.

Finally, to complete this look at burst-fire heater control circuits, Figure
10 shows a selfregulating synchronous burst-fire heater controller that
automatically varies the heater's input power to maintain a room's temper-
ature at a precise pre-set value. Here, the circuit to the right of R3 is almost
the same as the Figure 7 thermistor-controlled automatic circuit, but the
IC1 circuit to the left of R3 is taken directly from the Figure 9 circuit and
superimposes a 680mS ramp waveform (with a peak-to-peak amplitude of
about 40mV) on the RV1-TH1 junction and pin 3 of IC2.

The net effect of the above combination is that the external heater is
turned fully on (via the optocoupled triac in the Figure 3 system) if the TH1
temperature is more that (say) 1°C below a pre-set value, or fully off if it is
more that 1°C above the pre-set value, but is operated in the burstfire
mode — with its M/S ratio automatically adjusted via TH1 — when the TH1
temperature is within +1°C of the pre-set value. The circuit thus automati-
cally adjusts the heater's thermal output level to meet the room's heating
needs; when the temperature reaches the precise pre-set value, the heater
does not switch fully off, but generates just enough output power to exact-
ly match the thermal losses of the room. To initially set up the Figure 10
circuit, set RV2 to mid-scale, raise the TH1 temperature to the desired mid-
scale trip value, then trim RV1 so that the red LED flashes on and off (at
roughly a 1.5Hz rate) but goes fully off if the TH1 temperature is increased
slightly. When experimenting with this circuit, note that the thermal 'span’
range of RV2 is determined by the R5 value, and the burst-fire thermal oper-
ating span is determined by the R3 value.

Finally, note — when using burst-fire systems to control domestic elec-
tric heaters with built-in lamps — that the control system must be fed to the
heater elements only, and must not be applied to the lamps.

AC lamp dimmer circuits

Triacs can be used to make very efficient lamp dimmers by using the
'phase-delayed switching' technique in which — in each power half-cycle —
the triac is gated on at some controlled phase-delayed time after the start
of each AC half-cycle, thus controlling the mean power fed to the lamp. All
such circuits require the use of a simple L-C filter in the lamp feed line, to
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minimize RF| problems.

The two most popular ways of obtaining variable phase-delay triac trig-
gering are to use either a diac plus C-R phase delay network, or to use a
special-purpose IC as the triac trigger. Figure 11 shows a practical diac-trig-
gered lamp dimmer, in which R1-RV1-C1 provide the variable phase-delay.
This circuit is really a simple variant of the basic lamp dimmer circuit
shown in last month's Figure 6, with the addition of the L1-C2 RFI sup-
pressor and with RV1 and SW1 ganged together to easily enable the lamp
to be turned fully off.

A weakness of the simple Figure 11 design is that it has considerable
control hysteresis or backlash, e.qg., if the lamp is dimmed off by increas-
ing the RV1 value to (say) 470k, it will not go on again until RV1 is reduced
to about 400k, and then burns at a fairly high brightness level. This back-
lash is caused by the diac partially discharging C1 each time the triac fires.
Backlash can be greatly reduced by using the 'gate slaving' technique in
Figure 12, in which the diac is triggered from C2, which 'follows' the C1
phase-delay voltage but protects C1 from discharging when the diac fires.
If desired, the backlash can be reduced to virtually zero by wiring a current-
limiting resistor in series with the diac, to reduce the magnitude of the C2
discharge voltage, as shown in Figure 13.

A ‘smart’ lamp dimmer IC

Many modern lamp dimmers have their triac driven via a dedicated
'smart' IC that can turn the lamp on or off or control its brilliance, the IC
taking its action commands via a touch-sensitive pad or push-button input
switch. For many years, Siemens was the leading producer of this type of
IC, first with the IC known as the S566B, and then (starting in 1990) with
the SLB0586, which remained in full production until 1995 (but was still
widely available in early 2000). Today (in 2002), the most popular lamp
dimmer IC is a low-cost Holtek product known as the HT7704B "touch' dim-
mer.

The HT7704B is an eight-pin DIL IC with the outline and pin notations
shown in Figure 14, and provides four levels of brightness plus switch-off
control, all sequentially selectable via a simple metal 'touch' pad or plate
that is AC coupled to pin 4 of the IC. In use, the first 'touch' turns the lamp
on at its lowest brighness level; the next three touches bring the brightness
up to maximum level in successive stages; the fifth touch turns the lamp
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full off, and so on.

Figure 15 shows the basic application circuit of the HT7704B (without
fused overload protection or RFl-suppression circuitry), with alternative
component values and pin connections shown for use with 50Hz or 60Hz
AC supplies with nominal values of 110V or 220V. Note that R1 is a 2W
type and needs a value of 22K on 110V AC supplies or 47K on 220V AC
supples, that pin 6 must be tied to pin 7 on 50Hz supplies or pin 3 on 60Hz
supplies, and that the ratings of triac @1 must be chosen to suit the lamp
power and supply-voltage rating of the individual system.

Triac protection techniques

In use, triacs must always have an RMS current rating greater than that
of the load that they are driving and must always be protected against cat-
astrophic damage from current surges or malfunctions in their loads.
Adequate protection can usually be obtained via a suitably-rated quick-
blow fuse that is effectively connected (either directly or via a supply-con-
nection plug) in series with the load and the triac's main terminals, but in
a few special applications, additional protection may also be needed. Note
that the fuse value must always be chosen with great care, and should be
of the minimum practicable rating; a fuse with too high a rating provides
no useful protection.

When a triac is used in an electric-heater driving circuit, a quick-blow
fuse with a current rating greater than that of the heater but less than the
maximum current rating of the triac provides adequate protection. When a
triac is used in an electric-motor driving circuit, a quick-blow fuse with a
current rating greater than the stalled current rating of the motor but less
than the maximum current rating of the triac should be used.

In most filament-lamp driving triac circuits, the triac needs a current
rating at least three times greater than the normal running current of the
lamp, and should be protected by a quick-blow fuse with a rating of 500mA
(1A absolute maximum) per 100W of lamp rating in 240V AC systems, or
1A (2A absolute maximum) per 100W of lamp rating in 120V AC systems;
in some special filament-lamp driving circuits, however, additional protec-
tion may also be needed, as described later in this article. To understand
the principles of triac protection in filament-lamp driving circuits, it is nec-
essary to understand certain characteristics of fuses, filament lamps, and
triacs as follows.

FUSE BASICS. An ordinary 'quick-blow' fuse consists of a short
length of wire, which burns out ('blows') if the current passing through it
exceeds a limit determined by the wire's diameter. Most quick-blow fuses
use a copper wire, which has a melting temperature of 1083°C and a resist-
ance that — when referenced to 20°C — increases by about 0.4% per "C
increase in temperature. Thus, when the current passed through the fuse
exceeds roughly 40% of its rating, its resistance and power dissipation and
temperature all increase exponentially with further increases in current,
until a point is reached where the ability of the fuse to dissipate power is
exceeded by the prevailing input power level; under this condition,the fuse
eventually blows at its weakest point; when a fuse blows, its wire first melts
at the failure point, which is then widened as current briefly arcs across the
gap and vaporizes the adjacent metal.

All fuses carry a 'rating' figure (such as 500mA, 1A, 2A, 5A, etc.)
which indicates the maximum current that the fuse can safely carry with-
out blowing or suffering a reduction in its working life. The fuse will only
blow if its rating figure is exceeded ('overloaded') for a significant period of
time; thus, a 2A quick-blow fuse may take absolute maximum times of sev-
eral days to blow at 2.2A, 2.5 hours at 3A, 1 second at 4A, 40mS at 6A,
8mS at 10A, 2mS at 20A, 5000 S at 40A, and so on. All quick-blow fuses
can thus safely handle large-amplitude current transients or surges, pro-
vided that they do not exceed a certain critical duration.

FILAMENT LAMP BASICS. An ordinary filament lamp consists of a
tightly coiled Tungsten wire filament that is supported on insulated struts,
has its two ends made externally available, and is enclosed in a sealed
glass envelope or bulb. In use, an electric current passed through the resis-
tive filament raises its temperature to a white heat, causing it to emit white
light; the glass bulb that encloses it is normally filled by a non-reactive gas
such as argon, to stop the filament burning up under this condition.

The Tungsten filament's wire has a melting temperature of 3370°C and
a resistance that — when referenced to 20°C — increases by about 0.45%
per “C increase in temperature, making the resistance value rise sharply
with filament temperature. The resistance of a 240V 100W lamp is typical-
ly 40R at 20°C but is 576R under normal 'white heat' running conditions
(the lamp thus shows about a 14:1 resistance variation over its full usage
range). Note from this data that this 100W lamp consumes a normal RMS
running current of 417mA from the 240V AC supply but — if it is initially
switched on at a moment when the AC voltage happens to be at the peak
point in a half-cycle — may pass an initial switch-on surge current of up to
8.46A, thus generating a 2030W switch-on power surge in the lamp. By
comparison, a 120V 100W lamp consumes a normal RMS running current
of 833mA and may pass an absolute peak switch-on surge current of



16.5A. In practice, the lamp's initial switch-on power surge makes its fila-
ment resistance rise very rapidly (in a few milliseconds) to a value reason-
ably near to the filament's normal operating value; the lamp-driving triac
(and its protective fuse) must be able to handle this surge current without
suffering damage.

Tungsten filament lamps have a typical operating life of about 2,000
hours. The outer surfaces of the coiled Tungsten filament slowly 'boil off'
with continued use, until the weakened filament eventually blows at its
most vulnerable (thinnest) point, in the same basic manner as in a fuse,
i.e., the failure point first melts and is then partly vaporized by arcing; usu-
ally, the vaporized metal blackens part of the glass bulb's inside surface.
Filament lamp failures occur in three basic types, which can be classified
as 'simple,' 'recursive,' or 'catastrophic;' these failure types have the follow-
ing characteristics. Most lamp failures are of the 'simple’ type, in which the
filament simply burns through and then arcs at its weakest point, vaporiz-
ing the local metal; the lamp emits an audible 'ting' as the two halves of the
ruined filament spring apart; usually, the arcing debris blackens only the
end of the bulb. This type of failure often occurs at the moment of initial
switch-on and is usually harmless to triac drivers.

The 'recursive' type of lamp failure can be regarded as a small number
of 'simple’ failures occurring in quick succession. At the end of the first fail-
ure, the broken but still hot and vibrating ends of the filament briefly make
contact and weld together, passing a surge of current through the remain-
ing (but shortened) length of filament, which quickly suffers another failure
at another weak point, and so on. In this type of failure, the lamp usually
flickers on and off a few times before finally dying; the inside of the bulb
normally becomes widely blackened as a result of the multiple arcing that
occurs in this process. This type of failure may be accompanied by very
heavy current surging, which may damage a driving triac that is not ade-
quately rated or fuse-protected.

The 'catastrophic' type of lamp failure is a rare and very savage type
of recursive failure, in which the internal arcing is so severe that the entire
inner surface of the lamp and the filament's supports becames coated in
conductive vaporized metal, thus shorting out much of the filament and
causing a very low resistance to appear across the lamp's terminals. This
type of failure sometimes occurs in crude flashing-lamp disco displays in
which the triac-driven lamps are switched on and off in response to the fil-

tered amplitudes of the music, often going through thousands of on/off
switching sequences (and their associated heavy surge currents) per hour;
triacs need special protection in this type of application. In extreme cases
of this type of failure, the triac may develop an internal short-circuit, and
the fuse may then blow as the lamp filament self-destructs, thus destroying
all three components during the 'failure' process.

TRIAC BASICS. From the 'current overload protection' point of view,
the two most important parameters of a triac are its basic 'RMS on-state
current rating,' lgms), and its non-repetitive peak surge on-state current rat-
ing over a period of one full cycle duration, lygy. Typically, ltgy is 10 times
greater than lygus) in 60Hz systems, and eight times greater than lygus) in
50Hz systems. Thus, a 4A triac can typically handle l;gu surge current of
up to 32A in a 50Hz system, or 40A in a 60Hz system.

TRIAC PROTECTION CIRCUITS. When all of the above data is put
together, it transpires that the simplest on/off-switching or 'dimmer' type of
lamp-driving triac circuit should take the basic form shown in Figure 16.
The lamp's normal 'fully on' running current, I, equals the AC supply volt-
age divided by the lamp's power rating, the triac needs a minimum current
rating of 3 x I, and the fuse must be a quick-blow type with a current rat-
ing of 500mA (1A absolute maximum) per 100W of lamp rating in 240V
AC system, or 1A (2A maximum) per 100W of lamp rating in 120V AC sys-
tems. Ideally, all modern lamp-driving 'on-off' types of triac circuit (includ-
ing those used in flashing-lamp disco displays) should take the basic form
shown in Figure 17, in which the main triac is gated via an optocoupled
synchronous 'zero-voltage' triac (as described earlier in this article), thus
completely eliminating all switch-on surge current problems.

In very extreme cases, particularly in flashing-lamp disco displays, the
above circuit can be modified to give the main triac additional protection
against damage from the 'catastrophic’ type of lamp failure by wiring a bal-
last resistor is series with the load, as shown in Figure 18; this resistor must
be a wire-wound type with a resistance equal to at least 5% of the lamp's
hot resistance and with a power rating equal to at least the same percent-
age of the lamp's power rating. If the lamp suffers a near-short-circuit dur-
ing a catastrophic failure, this ballast resistor limits the surge current to a
value that blows the fuse but does not damage the triac; the ballast resis-
tor gives a slight reduction in lamp brilliance under normal running condi-
tions. NV
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am Radio

Extra Class

Test Changes

By Gordon West

few issues back, the article "Hams in Hog Heaven" prompted

correspondence from our readers that now is a great time to

get into ham radio. The dreaded Morse Code tests were elim-

inated for the entry-level Technician class license. Technician

class operators have full access and ALL privileges above 50
MHz.

The 50 MHz six-meter ham band, all by itself, can take the no-code
Technician class operator into major voice worldwide skywave DXing.
"DXing" means working on a radio band and having your signals come in
a whole lot further than you ever dreamed possible.

A Long Island mobile six-meter DXer hooks up with another mobile
operator in Spain, and they talk for over half an hour before the band con-
ditions begin to fade in and out. Midwest six-meter hams enjoyed crystal-
clear conversations with AL7BJ Rex toasting his footsies by the fireplace in
Alaska where the outside temperature was 30 below. And along the West
Coast, our six-meter single-sideband contacts with skywaves coming in
from Hawaii were suddenly, and pleasantly, interrupted by more powerful
Japanese six-meter signals that pounded in for hours.

All this excitement without having to pass a code test, and we still have
another good year of hot six-meter activity for Technician no-code operators
before we begin to slide down the back side of solar cycle 23. But learning
the code at a simple 5 wpm and taking one more theory test puts you into
the General class license. This opens up almost 4,000 additional kilohertz
of worldwide ham bands below 30 MHz. The General class ticket is the big
one — there is always one of the worldwide bands that continues to have
daytime and nighttime propagation over thousands of miles with ease.

EXTRA CLASS

The Extra class is at the top of the ham radio pyramid. Less than 20
percent of hams have the Extra, but this is changing rapidly. Now that the
Extra class license does not require a 20 wpm code test, hams are easily
picking up the Extra class book, spending about 20 days going over the
665 Q & As in the pool, and taking the 50-question Extra class multiple-
choice test. And you don't need to get 100 percent — a passing score is 70
percent. Most everyone gets the Extra on the first try now that there is no
further Morse Code requirement beyond 5 wpm.

But things will change come July 1 of this year. The VEC (Volunteer
Examiner Coordinator) Question Pool Committee (QPC) has just released
a "new" question bank for the Element 4 Extra class test administered after
July 1, 2002. The pool increases by a whopping 20 percent, going from

A ham can never have enough radios!

the present 665 Extra class question pool to the huge new 807 question
pool. Fifty percent of those 807 questions cover electrical principles, cir-
cuits, signals, and emissions. Bound to be a brain-buster, right?

Certainly, 100 additional questions beyond 665 will take increased
study time. However, rumors that the new 807 July 1 Extra class test ques-
tion pool contains "new" test questions is absolutely bunk! The "brand new
pool" actually contains only about 50 brand new questions, most dealing
with rules and regulations, pulled together by former FCC Chief Johnny
Johnston, now retired and having a ball on his ranch playing ham radio. He
did a nice job with some of the new rules and regs questions.

So where did those 142 additional Extra class questions come from? A
few are REALLY new from electrical principles, circuits, signals, and emis-
sions, and the remaining questions are actually resurrected shelved Extra
class questions prior to April 2000.

Back in April of 2000, the Question Pool Committee had to hastily com-
bine the now extinct amateur Advanced class test with the present Extra
class test back then and, in doing so, they ended up with over 100 ques-
tions that were simply set aside when the two pools were merged. The old
Advanced class license exam was eliminated in April of 2000, but many of
the Advanced class questions would live on when merged into the present
Extra class pool.

So as not to have the present Extra class pool explode by combining
two pools into one, specific topic areas that might have 10 specific ques-
tions on a certain subject were scaled down to three or four questions, and
the remaining questions were set aside. Guess what? Beginning July 1 of
this year, those "set aside” questions are returning to the new Extra class
pool. So don't let anyone tell you that the "new" Extra class test question
pool is all that different than what has been already seen in prior Advanced
and Extra class textbooks in the past. But here is what is actually new:

- Fifty fresh and timely rules and regulation questions

Four satellite questions reworked into plain language modes

A couple new questions on slow-scan television

+ Three questions on contest etiquette

« Eight good questions on automatic position/packet reporting system
(APRS)

+ A couple new guestions on PSK digital modes

A couple new gquestions on second-order and third-order

intermodulation dBm levels

+ Elimination of the multiple questions on Thevian theorem voltage
dividers

Hams send GPS data bursts to track one another over the radio
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Plenty of “deals” with new and used ham radio equipment.

+ Five new questions on monolithic microwave integrated circuits

+ A few new questions on the isotropic radiation

« A couple questions on Yagi angle of radiation

+ A handful of questions on basic stuff like velocity of radio waves in
space, Zener diodes, and one on a load resistor

It was fun to compare how the "all new" pool was put together — long
runs of identical questions, supplemented by runs of past shelved ques-
tions, and then two or three genuine new questions at the end of each topic
area if they lacked a couple of spots to be filled up. | suppose you could call
it a patch job, but you can't blame the Question Pool Committee for not
coming up with more new and technologically updated Q & As. Three out
of the four QPC men are doing this on their own time yet working or retired
as their primary job. One QPC member works a regular job in this testing
business, and probably didn't get an official assignment to take him out of
VEC duties and put him into brainstorming new Extra class questions.

The Question Pool Committee pleaded with the ham community to
come up with ALL NEW questions, but only a few trickled in. It would take
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need more kids to obtain their ham license for our service
to remain viable.

a very technical ham volunteer probably three months, eight hours a day,
five days a week to do nothing but create new Extra class questions and
take just as much time in coming up with the new questions as document-
ing exacting where they came from in engineering or radio communication
handbooks. | know that | had only enough time to send in a few suggested
Extra class questions, and it looks like the QPC adopted many of my sug-
gestions.

So the bottom line is, if you're a General class ham operator now, or
soon to get your General class, prepare for Extra class right now with the
question pool 20 percent smaller. Come July 1, 2002, the Extra class pool
goes from 665 present questions to 807 questions. You can buy the pres-
ent Extra class test preparation book with explanations to each and every
question by calling 800-669-9594. You can view the NEW Extra class test
at http://www.arrl.org/arrlvec/pools.html. You can try your test-taking
online with either the old or the new pool at www.qrz.com/testing.html.

NEXT IS TECHNICIAN CLASS

So what will happen a year from now when the QPC releases the entry-
level Technician class test question pool? A lot depends on what ham oper-
ators and ham instructors throughout the country come up with as sug-
gestions to the present Tech pool, due for a change next year. If the ham
community does nothing, just like it did for Extra, the pool will probably
remain unchanged. Children by the thousands will take one look at the
book, and tell mom and dad they would rather get into computers. Many of
us will look at the entry-level Technician class question pool and scratch our
heads wondering why there are not more questions on ham radio operating
as opposed to internal radio circuits like the inductive reactance of a coil —
something that we don't really come in contact with as a new operator.

But who has the time at the end of this year to create close to 400 brand
new questions for the beginning operator? One person alone would take
months to pull off the job. | suggest the QPC and everybody in the ham
radio industry send out a call, LOUD AND CLEAR, that every ham should
send it at least one single question and four possible answers, dealing with
10 sub-element areas ranging from rules and regulations to safety around
transmitting antennas. JUST ONE QUESTION!

Let the ham community create a brand new entry-level test question
pool that has relevance to the beginning operator setting up their first two-
meter base, mobile, or handheld station. When your brand new license
arrives, and a buddy has preprogrammed your brand new handheld to the
local repeater, what's a good way to make that first contact? Do you call
CQ? Do you say the letters QRZ? Do you send out your call sign and say,
"Gotta copy, good buddy?" Or maybe you just squeeze the transmit button
and say your call sign, announce that you are on the air for the very first
time, ask if anyone is receiving your signal, and again repeat your call sign
phonetically? That would be a great way to go. Seems to me like a good,
logical question for the test for beginners, huh?

So yes, hams are in hog heaven with equipment prices staying the
same or actually dropping, plenty of elbow room out there on the airwaves,
ARRL-sponsored ham programs for schools, and thousands of volunteer
hams who spend days and weeks teaching classes for free, giving tests for
free, helping submit test questions for free, and becoming "Ham
Ambassadors" to friends down the street wanting to get into this "secret
handshake" hobby.

If you're interested in learning more about ham radio as an electronics
techno — guy or girl — call 800-326-3942, or send email to
newham@arrl.org. You may also send your suggested new Technician
Class guestions to Gordon West at swmeow@aol.com. Get your training
material at 800-669-9594. We need more technical types like YOU! NV



DUSTMEISTER

The Search for an Intelligent Yacuum Controller — Part |
By Robert Lang and Thomas Ober

The circuitry described in this article can be used to control any large or small motor application.

or over 20 years, | have been a slave to my workshop dust collec-

tor. It is always off when | need it on and on when | want it off. | have

to stop whatever | am doing and go over and turn the dust collec-

tor on or off. | am sure other woodworkers sometimes feel like
slaves to their dust collectors, as well. And, if you are not a woodworker,
read on. The circuitry described in this article can be used to control any
large or small motor application.

In the process of machining wood, it is good practice to remove wood
chips and sawdust with some sort of dust collection or vacuum system as
they are produced. The inconvenience of manual dust collector controls
may lead the woodwoerker into not using the dust collector and thereby not
getting the improved safety or air quality benefits. On the other hand, con-
tinuously running a dust collector leads to a distracting, noisy shop and the
wasting of electricity and air conditioning.

What | needed was a way to automate a shop-wide vacuum/dust col-
lector system — such as the one shown in Figure 1 — to turn on whenever
a woodworking tool is turned on and shut off after the tool is turned off. |
searched for such a ready-made device, but could not find one.

| decided it was time to design and build an intelligent dust
collector/vacuum controller that | call the DUSTMEISTER. In DUSTMEIS-
TER Part 1, | will cover some basics of current sensing, the design and build-
ing of the hardware, and the circuit theory. In Part 2, | will cover the build-
ing of a tool sensor from scratch, and the programming and testing of the
DUSTMEISTER.

DESIGNING THE SYSTEM

| looked at several approaches to the problem, but | eventually decided
to detect the current flowing in the power wires to the tools. | wanted the sys-
tem to have some intelligence, so | decided upon a microprocessor-based
digital approach. | wanted the completed DUSTMEISTER system to:

1. Sense when woodworking tools are turned on or off.

2. Have a user-controlled delay after a tool starts before the dust col-
lector system starts to minimize starting currents.

3. Have a user-controlled delay after a tool stops before the dust col-
lector system stops to clear remaining wood chips.

4. Have no effect on the original dust collector manual control system
when the DUSTMEISTER is powered off.

5. Be independent of amperage of the woodworking tools or dust col-
lector system.

6. Avoid cycling the dust collector system unnecessarily when one tool
is turned off and another is turned on after a short time.

7. Keep the woodworker informed of system status with simple, easy-
to-understand English messages.

8. Be expandable for future improvements.

DUST COLLECTOR MOTOR CONTROLLER

The dust collector motor controller — also known as a magnetic starter
— consists of a contactor with the addition of protective control. The con-
troller depends on the magnetic pull of an electromagnet to close and hold
its line and auxiliary contacts and offers unlimited flexibility of control. It is
dependable and has a long life expectancy. The controller is a standard
device for starting and stopping large motors such as those used in wood-
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working tools or shop-wide dust collector systems. In my case, the dust col-
lector uses a five-horsepower electric motor. A manual ON and OFF switch
actuates the motor controller electromagnet which closes and opens the
contacts that supply power to the motor. The motor controller electromag-
net provides automatic motor shutoff on temporary power loss.

| used a SQUARE-D motor controller, but the description below should
apply to most brands of motor controllers. | made no modifications to the
SQUARE-D motor controller, but developed a way to control the momen-
tary contact manual ON and OFF switches. Thus, the DUSTMEISTER is
independent of the size of the dust collector motor being controlled.

Two 12-volt relays were used to automate the manual ON and OFF
switches. The ON switch is a normally open switch used to supply 110-volts
AC to the motor controller electromagnet.

I used a double pole, double throw relay in parallel with the manual ON
switch. When the relay was energized for a short time, the normally open
contacts would close which emulated the manual ON switch.

The OFF switch is a normally closed switch. A similar relay to the one
used for the ON switch was connected in series with the OFF switch. When
the OFF relay was energized, the normally closed relay contacts would
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Figure 3 Current Transformer placement in Fuse Box
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open. This action emulated the OFF switch.

Because of the way the DUSTMEISTER simply auto-
mates the manual ON and OFF switches of the motor
controller, the DUSTMEISTER is completely invisible to
the manual control when it is powered off. In other words,
the manual ON and OFF switches of the SQUARE-D
motor controller work the same as always when the
DUSTMEISTER is off.

While the DUSTMEISTER circuit board uses only +5
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volts and +12 volts, the relays are used to switch 110

volts on and off. Caution must be used when connecting
the relays.

Work should never be done on a live circuit.

If your dust collector motor is not large enough to require a motor con-
troller, do not worry. The DUSTMEISTER works just as well without a motor
controller on small motors. For the case without a motor controller, the

small dust collector motor is connected directly to the ON relay. The ON
and OFF relays are connected together as shown in Figure 2 to create a
latching relay. As an additional bonus, this set-up gives you one of the ben-
efits of the motor controller. If there is a momentary power outage, the dust
collector motor will be disconnected from the power source.
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CURRENT SENSING
BASICS

Detecting current in wires
has traditionally been approach-
ed in one of three ways:

1. Resistance measurements

2. Hall-Effect measurements

3. Current transformer
measurements

Resistive sensing is very
widely used, low-cost, and easily
understood. Two shortcomings
of resistance measurements are
the insertion loss (heating and
wasted power) and the lack of
isolation. Signal amplification is
usually required with resistive
current sensing technigues.

Hall-Effect sensor integrated
circuits represent the next
approach to current sensing.
Hall-Effect sensors develop an
output signal that is proportional
to the applied magnetic field.
The magnetic field is usually
generated by wrapping the cur-
rent-carrying wire around a
gapped toroid. The sensor is
placed in the gap. Disadvantages
of the Hall-Effect approach
include cost, a non-zero output
when there is zero current, and
external power requirements.

Current transformers are the
last of the low-cost current sens-
ing methods. A current trans-
former is an instrument trans-
former in which the secondary
current is substantially propor-
tional to the primary current and
differs in phase from it by an
angle which is approximately
zero.

As the term transformer
implies, current transformers are
only useful with alternating cur-
rents. While current transformers
may be more expensive than the
first two options, current trans-
formers avoid insertion loss, offer
electrical isolation, and do not
require external power. They also
exhibit zero output when there is
zero current. For these reasons, [
chose the current transformer
approach using current sensors
from Source 1. The most expen-
sive components in the DUST-
MEISTER circuit are the current
transformers which cost about
$22.00 each. While most wood-
workers may feel more comfort-
able using manufactured current
transformers, it is also possible
to make your own current sen-
sors from scrap transformers as
described in Part 2 of this article.

Figure 6 Current Transformer
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Source | CR Magnetics, Inc., for current transform-
ers at http://www.crmagnetics.com/.

Source 2 DUSTMEISTER Homepage for prepro-
grammed PIC16F877 chips circuit boards at
www2.netdoor.com/-rlang.

Source 3 Peter Anderson for blank PIC16F877 and
ceramic resonators at http://www.phanderson.com.
Source 4 Electronix Express for printed circuit
making supplies and miscellaneous electronic parts
at http://www.elexp.com.

Source 5 Marlin P. Jones & Associates, Inc., for
electronic parts at http://www.mpja.com.

Source 6 Jameco, Inc., at for optical isolators
http://www.jameco.com.

Figure 10 DUSTMEISTER Parts and Etched
Circuit Board

One phase of the current-carrying wire to each tool must be run circuit board are 12 volts or less. The major electronic component is the
through the hole in the current transformer sensor. The most convenient | PICI6F877 microprocessor. The circuit is shown in Figure 4 and Figure 5
place to do this is in the fuse or electrical service box. Figure 3 shows two | and works as follows.

current sensors placed in the electrical service box. The two sensors used Current flowing to a woodworking tool is sensed by using a CR
in the DUSTMEISTER can easily sense three tools each which means that | Magnetics remote current transformer connected to the Sensor #1 or
the dust collector system can be controlled by any of the six sensed tools. Sensor #2 terminal strips. This device — shown in Figure 6 — can detect cur-

rent flowing through a wire threaded through its circular opening.

DUSTMEISTER CIRCUIT OPERATION The secondary of the current transformer should never be allowed to

become open circuited when current is flowing through the primary (the

The circuit for the DUSTMEISTER is fairly simple. All voltages on the | wire supplying power to the tool). When open-circuited, the voltage across
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Figure 12
LCD Display
Connection

CHECK OUT
THE
ANIMATION
YIDEO OF THE
DUSTMEISTER
IN ACTION ON
THE WEB AT
WWW.
nutsvolts.com

Figure 11 DUSTMEISTER Circuit Board with Diodes, LEDs, Crystal,
Capacitors, and Connectors Added

Figure 14 Placement of
DUSTMEISTER in Workshop

Figure 13 DUSTMEISTER Completed Circuit Board

Table 1 PIC |6F877 and LCD DUSTMEISTER Data Connections

REGISTER/ INPUT OR PIC16F877
BIT OUTPUT  DESCRIPTION PIN CONNECTOR
RAD 1 Current Sensor #1 (analog) 2
RA1 1 Current Sensor #2 (analog) 3 NC
RA2 1 Minimum Turn-on Setting (analog) 4 NC
RA3 1 UNUSED 5 E9
RA4 [0} Open drain don't use
RAS5 I UNUSED 7 Ell
RDO e} Output to LCD 19 L19
RD1 o} Output to LCD 20 L20
RD2 e} Output to LCD 21 L17
RD3 (e} Output to LCD o L18
RD4 O Qutput to LCD 27 L15
RD5 O Output to LCD 28 L16
RD6 e} Output to LCD 29 LI3
RD7 {/{e] Input/Output to LCD

(LCD BUSY BIT) 30 L14
RBO 1 BCD SWITCH BIT 0 33 NC
RB1 I BCD SWITCH BIT 1 34 NC
RB2 | BCD SWITCH BIT 2 35 NC
‘RB3 I BCD SWITCH BIT 3 36 NC
RB4 o} ON Relay 37 NC
RBS o} OFF Relay 38 NC
RB6 o LCD ENABLE PULSE 39 122
RB7 o LCD MODE: 0=COMMAND,

1=DATA 40 124

CLOCK 9,10
GND 12,31 L25E14
+5V 1,11,32 L26,L1,E1
+12 El13

LCD CONTRAST L23

LCD BACKLIGHT L2
RCO o} UNUSED 15 E2
RC1 (o} UNUSED 16 E4
RC2 o} UNUSED 17 E6
RC3 o} UNUSED 18 E8
RC4 o} UNUSED 23 E10
RC5 (@] UNUSED 24 Bl
RC6 (0] UNUSED 25 E5
RC7 (o} UNUSED 26 E3
REO o] LCD READ/WRITE 0=WRITE,

1=READ 8 [2]
RE1 | MANUAL SWITCH 9 NC
RE2 o] UNUSED 10 E12
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the secondary becomes so
high as to be dangerous
and the flux becomes so
large in magnitude that the
transformer may overheat.

With this caution in
mind, each current trans-
former is connected to a
270-ohm  resistor and
bridge rectifier. The DC out-
put is filtered by a 1mF
capacitor and limited to a
maximum of 5.1 volts by
the Zener diode. The Zener
diode is important because
otherwise the voltage
across the capacitor can
easily exceed the micro-
processor analog-to-digital
(A/D) input limits. There is
also a 20k ohm potentiometer for each sensor to control the voltage to the
A/D converter. The voltage is applied to one of the A/D converter pins on
the microprocessor. Up to two sensor circuits can be used.

There are several other controls. A 100k ohm potentiometer acts as a
sensitivity control to set the current which will turn on the dust collector. A
100 ochm and a 20k ohm potentiometer act as the brightness and contrast
controls for the LCD display.

Microprocessor pins 33-36 are inputs for the number of seconds of
delay. Microprocessor pins 19-22, 27-30, 8, and 39-40 are outputs used to
drive the Liquid Crystal Display (LCD).

The LCD displays English messages to the woodworker to inform him
of the state of the system.

Microprocessor pins 37 and 38 are outputs used to control the two
relays. The ON relay closes the normally open switch and supplies voltage
to the SQUARE-D automatic motor controller as if the manual ON switch
had been pressed. The OFF relay opens the normally closed circuit as if the
manual OFF switch had been pressed. The output of the microprocessor is
too feeble to control a 12-volt relay.

The output of the microprocessor is used to control the 6MN139 optical
isolator. The output of the optical isolator is used to control a 40-watt tran-
sistor, The transistor supplies more than adequate current at 12 volts to
energize the relay coil. Components TR1, B3, C3, and F1 in the circuit dia-
gram make up a 12-volt DC power supply. IC2 is a 7805 voltage regulator
that supplies +5 volts to the microprocessor.

BUILDING THE DUSTMEISTER HARDWARE

Initially, | built the vacuum controller circuit on a breadboard, as shown
in Figure 7. After | completed the initial design and testing of the hardware
and software, | designed and built a printed circuit board. Figure 8 shows
the pattern for the component and foil pattern for the circuit board as
viewed from the top. The correct size for the circuit board is 3.9" x 5.9".

Figure 9 shows the foil pattern for the bottomn side of the circuit board.
Table 1 is a wiring list for the microprocessor and the external connectors.
You can build your own vacuum controller using the foil pattern and the
parts shown in Table 2 for about $100.00. If you don't want to program your
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Figure 16 Connecting DUSTMEISTER to Sensors and Relays

Qty Value Device Parts
1 20 Character LCD Display LCD1
2 1 Amp 100 Piv Bridge Rectifiers
1 26 Pin Connector CON2
1 +12 Switching Power Supply ~ PS1
2 1N4004 Diode D3, D5
2 1 mF Electrolytic Capacitor C1,c2
2 51V Zener Diode ZD1,ZD2
2 6MN139 Optical Isolator OKl1, OK2
4 10k ochm 1/4 Watt Resistor R4, R7, R14, R13
1 16F877 Preprogrammed Microchip Microprocessor
1 40 Pin IC socket For IC1
3 20k ohm Potentiometer R5,R8,R10
1 100 ohm Potentiometer R9
1 100k ohm Potentiometer R25
2 270 ohm 1/2 Watt Resistor R3.R6
12 560 ohm,
1/4 watt Resistors R1, R2, R11, R12,
R15,R16, R17, R18,
R19, R20, R21, R22,
R23, R24
1 7805 +5V Voltage Regulator, TO-220 1C2
1] 0-9 BCD Compliment
Qut Switch S2
1 20MHz Crystal Qi
2 20pF Capacitor C4,C5
2 Green LED D1, D4
1 Red LED D2
5 Two Position Screw Terminal
Strip ST1, 812,813,
ST4, ST5
2 TIP31C 3 Amp NPN Transistor ,TO-220T1, T2
a 12V DPDT Relay K1,K2
2 Model 18 Remote Current Indicator
1 Test Switch
1 3.9" x 5.9" Circuit Board
1 4 Amp Bridge Rectifier B3
1 500 mF  Electrolytic Capacitor c3
1 110V/9V, 1.5 Amp
Transformer TR1
1 1 Amp Bmmx20mm Fuse and Fuse
Holder F1

Table 2 DUSTMEISTER Parts List

own microprocessor or etch your own circuit board, a pre-programmed
PIC16F877 microprocessor chip and a double-sided etched/drilled printed
circuit board are available from Source 2. To build the DUSTMEISTER,
gather the parts and purchase or etch a printed circuit board.

Figure 10 shows most of the parts and the etched circuit board neces-
sary to build the DUSTMEISTER. If you have etched your own single-sided
circuit board, begin by examining the circuit board for any copper bridges
or open circuits. Place jumpers on the top of the board as shown in Figure
8. If you purchased a board, the jumpers are etched on the top side of the
board.

To assemble the board, begin by soldering the IC sockets, resistors, and
the five screw terminals to the circuit board. Verify the orientation of all IC
sockets before soldering. Be careful when soldering the socket for IC1. The

To Current
Sensors |
ON Relay

el

Vendor and Part #
Source 5 8087-OP
Source 4 11DBO1
Source 6 53495
Source 5 12815PS
Source 4 111N4004
Source 4 14ER0501U
Source 4 1114N4733
Source 6 42489
Source 4 13005100K
IC1 Source 2
Source 4 191CM40
Source 4 18CSP20KH
Source 4 18CSP100H
Source 4 18CSP100KH
Source 4 13.55270

Source 4 13005560
Source 4 107805T

Source 5 5323SW
Source 3
Source 3
Source 4 08I53GD
Source 4 08I153RD

Source 5 7398TS
Source 4 11TIP31
Source 5 8787RL
Source 1

Source 4 1700LKR
Blank board from
Source 4, 03PSPbl
or pre-etched and
drilled circuit board
from Source 2
Source 4 11RS402
Source 4 19ER0355000U

Source 6 112336
Source 6 102859,
103907

To Squiare-D
. €ontroller

Manual ()MOW_;
Switch

1
1

Figure 17 Completed/ Installed DUSTMEISTER
(Access door open)

IC1 socket and the LCD and expansion connectors
have copper traces running between pins that are
spaced 0.1" apart and can easily be shorted by slop-
py soldering. The holes on the circuit board from
Source 2 are plated through and require only the
smallest amount of solder.

Next, proceed with adding all diodes, LEDs, crys-
tal, capacitors, LCD, and expansion connectors as

shown in Figure 11. Add the transistors, potentiometers, and power com-
ponents to the board. Next, add the BCD switch, S2, being careful to orient
it as shown in Figure 8. Complete the assembly by connecting the trans-
former and plugging the LCD to the LCD connector. Note the orientation of
the LCD connector in Figure 12. You may want to add indexing pins at
unused pin locations 4 and 6 to avoid incorrectly connecting the plug.

The completed DUSTMEISTER circuit board is shown in Figure 13. The
DUSTMEISTER was placed near the workshop electrical service box as
shown in Figure 14, | purchased a metal box to protect the relays and TEST
switch as shown in Figure 15. | connected the relays, TEST switch, and
sensors to the DUSTMEISTER as shown in Figure 16. Figure 17 shows the
completed DUSTMEISTER with the LCD readout in a wooden frame. Next
time, | will complete the DUSTMEISTER with a discussion of building
a tool sensor from scratch, and the programming and testing of the
DUSTMEISTER. NV
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SUPER ANTENNA MODEL |

ry, trigger (0,1,x, edges), and tracepoint.

The ScopeAlyzer emphasizes ease of |14
use since one of the most frustrating aspects
of logic analyzers is that they are difficult to |
use and set up.

Want to take a snapshot of data? With
the ScopeAlyzer, you only need to press one |8
key. ’

The ScopeAlyzer is small — measuring
only 3" x 5" - and fits conveniently in the
toolkit and on the bench. When you need it
add it to the oscilloscope without disturbing
the rest of your workbench.

The ScopeAlyzer is offered in two mod-
els: Model 61050, eight channels, 50 MHz
$395.00; Model 61100, eight channels, 100
MHz $595.00.

For more information, contact:

odar Electronics introduces Super Antenna Model 1

for high definition television. This is the world’s first

| compact rabbit ear incorporating rods with a 14 element

yagi antenna. This combination gives stable digital
HDTV, and standard VHF/UHF reception.

Model 1 is a passive non-amplified broadband anten-
na requiring no electronic amplifier. In addition, there are
no controls or switches. This will add to the product’s
longevity.

Model 1's sleek flat design affords a better looking
antenna over other indoor TV antennas. The base is §

SCOPE + SCOPEALYZER™ =
‘ LOGIC ANALYZER
existing 20 MHz oscilloscope as a high-
performance logic analyzer? Now you can
with the highly affordable
Instruments ScopeAlyzer™.

Just attach one vertical channel and the
external trigger to the ScopeAlyzer and you
now have a professional-grade logic analyzer
with these specs: 16 channels, 100 MHz
sample rate (1-2-5 sequence), 128K memo-

‘1 Did you ever wish you could use your

BARRETT INSTRUMENTS
P.O. BOX 3390, DEPT. NV
SARATOGA, CA 95070
1-800-272-1936
EMAIL:
sales@Barrettinstruments.com
WEB:
www.Barrettinstruments.com

Barrett

| coax cable is included.
Price is $59.95, made in the USA.
For more information, contact:

GODAR ELECTRONICS
339 N. GILBERT RD., DEPT. NV
GILBERT, AZ 85234
480-892-8207

| Mount for amateur and

MOBILE RADIO
PROTECTION
AGAINST THEFT
AND TAMPERING

vailability of the ET-
850 Locking Slide

commercial two-way

mobile radios is
announced by Hugh Goulding,
President of E TIP, Inc.

Designed to help prevent theft
and tampering, the ET-850 pro-

| vides a standardized radio-mount-
| ing platform for vehicles and other

equipment applications while
allowing the operator to remove
the radio easily and quickly. The
attractive and durable black pow-
der-coat finish makes the ET-850
at home in the work vehicle or the
luxury automobile.

Because the radio is mounted
to the slide for easy removal and
the base stays in the vehicle, blind
fumbling with tools to release hid-
den fasteners is eliminated.
Technicians save labor wherever
the ET-850 is installed. Transfer of
radios between vehicles becomes

¥ easy and straightforward.

The ET-850 locking slide
mount with an independent tubu-
lar key system provides a higher
level of security that helps control
unauthorized removal and trans-
fers, tampering, and thefts of

| opportunity.

~ | mercial
4| encounter expensive and disrup-

Many fleet organizations such
as fire, law enforcement, utilities,
schools, marine operations, truck-
ing, contractors, service, and com-
organizations, etc.,

of communications

tive loss

because of crimes aimed at the
two-way radio. Fleet communica-
tions are an important infrastruc-
ture component that is vital to pro-
viding superior service. Protecting

mobile two-way radios with the §
mount §

ET-850 locking slide
lessens the potential for disruption
of a fleet communications net-
work. Increased awareness of the
importance of fleet communica-
tions and the vulnerability of
radios is especially important now.

The ET-850 locking slide
mount fits most of the available
mobile two-way radios on the mar-
ket today including but not limited
to: Kenwood, Motorola, Johnson,
Uniden, Vertex,
Com.

Ask about the new double-
stack locking slide mount that

secures two mobile radios and the

high-security radio cage.
For more information, con-
tact:

E TIP, INC.
P.O0. BOX 571
29 S. IOWA AVE.
DEPT. NV
ADDISON, IL 60101
630-530-8393
FAX: 630-530-5019
EMAIL: sales@etipinc.com
WEB: www.etipinc.com

Ericcson, M/A |

grammers available for
Atmel microcontrollers.

Communication with the
TC51 is accomplished via
two serial RS-232 ports with
true RS-232 drivers and DB9
connectors matching PC
compatible  serial port
pinouts.

Convenient screw termi-
nal block connections are
used for all of the digital, ana-
log, and relay connections,
which include four 10 amp

TC51 SINGLE BOARD
COMPUTER

ndustrologic, Inc., announces the
release of their TC51 Single
Board Computer.

The Industrologic TC51 is a
microcontroller-based single board
computer designed to be a com-
plete industrial controller assembly
that is easy to program and con-
nect to external signals. It includes
a versatile complement of input

. and output circuitry needed by

many common control applica-
tions.

The board can be programmed
as a stand-alone controller using its
on-board Tiny Machine Basic pro-
gramming language, or it can be

. used as an RS-232 serial data
acquisition board.

The TC51 is based on the
Atmel AT89C4051 microcontroller
chip with EEPROM program mem-
ory, and can be reprogrammed
using any number of software
development tools and device pro-

Form “C” relays, four logic
levels signals usable as
inputs or outputs, and two 12-bit
analog-to-digital inputs.

Its on-board power supply has
a wide input range and includes +5
and +12 volt outputs for use by
external devices.

The TC51 package is shipped
complete with all items necessary
to immediately begin application
development, including a serial
port cable for connection to a PC
compatible computer, a wall block
power supply, host computer soft-
ware, and programming examples,
and hardware and software refer-
ence manuals.

For more information, contact:

INDUSTROLOGIC, INC.
3201 HIGHGATE LN.
DEPT. NV
ST. CHARLES, MO 63301
314-707-8818
EMAIL:
info@industrologic.com
WEB:
www.industrologic.com
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www.web-tronics.com

www.web-tronics.com

High Tech Video system w Audio

Includes TWO B/W Cameras w sound & ILR. (night vision) ONE
5.5" B/W Monitor with Built-In adjustable Switching(from 2 to 20
seconds)& two 60 ft. pre-wired cables. Everything you need to set
up a high rech video monitoring system at home, office,restaraunt
warehouse or use it as a baby monitor. Easily hooks inte VCR for
Video Recording also

item # Dual View

Fantastic Price!

$119.00 ea
($109.00 ea. qty 4)

view extensive details@ web site

5D

Auto-Temp
Solder Station
with Ceramic
Element

With Ceramic Heating

Element for More Accur'ahQ]
Temp Adjustment

2GHz RF LY Removable Hard Drive Rack  We Sold Over
Field For IDE/Ultra DMA Hard Drives  18,000in 2000/ g
Strength 4 This product can be used with any 3-1/2 IDE hard p
Analyzer drive up to 1™ high. It includes an electronic keylocl
> ' for safe removal and insertion. Made of ABS 707
Best Price! fireproof plastic. Use this product to protect sensi
hard drive data, take your hard drive between work
T R and home or even set up different users with their

own hard drives that they physically insert every time
they use a PC. Other models available from C 5.1
include RHI0 series and RH20 series, which are
interchangeable within the same interface design (IDE or SCSI)
Other Models are Available. See www. web-tronics.com under
accessories” for more details ond pictures.

* Narrow Band FM (NFM),
Wide Band FM (WFM).
AM and Single Side Band
(558) Modulated Signals
May Be Measured

- PLL Tuning System for
Procise Frequency
Measurement and Tuning

+ LED Backlght LCD
(1921192 Gots]

+ Buitt-ln Frequency

ounter
+ Hand-Held and Battery
Operated

“hard drive and

Dual Output Bench Power Supply

with four 3 1/2 digit LCD Displays

Output : 0-30VDC x 2 (@ 2 AMPS
Source Effect: <0.02% +1mV
Load Effect: <0.01%+5mV
Ripple & Noise: <lmVrms
Dimensions: 365x 265 x 164 mm
Input Voltage: 110VAX+-10%

#3201

* All Functions are Menu Selected
+ RS2IIC for PC Interface and Printer

See the web site for details

CS]301}2D-2. ..5159.00
(qty 5+...8149.00) Defails at www.web-fronics.com

+ 3 Conductor Grounded N g ine Mini CCDs (B/W & Color)
fomwCod R-976 . Easyt® h Eng Sensational NEW Design for Small
900°F) Extra Tip Options < |nc]U e I w 1 Observation Cameras. Smaller and Better!

« Fast Heating Feature Available. See Web! That REU Y d ded Conﬁﬂ 'n Business 4 Ultra Miniature Design

s A N 4 Black & White Versions Only 25mm x

CFor More Info See www.web-tronics.com ) + Newlt Since 1971 b 4 25mm
Color Versions Only 32mm x 32Zmm
+ Available in Standard Lens or Pinhole

CCD B&W Board Cameras Sciailed Shen Lehs
+ ASIC CCD Area Image Sensor Vf + Al Include Pre-Wired Cable Harness for
« Extremely Low Power Consumption on the Web Video & Power

* 0.5 Lux Min Illumination

« Built-In Electronic Auto Iris for Auto Light Compensation
Detailed Specs on the Web

VM1030PA-B 30mmx30mmx25mm, Pinhole lens, 12V *39." any qty.

VM1030A 30mmx30mmx26mm, Standard lens, 12V ‘39 “any qty.

VM1035A 42mmx42mmx25mm, Standard lens, | 2V with back light compensation ‘49 % any qty.

VMCB21 44mmx38.5mmx28mm, with 6 infra-red LEDs, 12V “49.% any qty.

VM1036A 32mmx32mmx25mm, Standard lens |12V, reverse mirror image feature *49.% any qty.

B&W, Color & Powerful
Night Vision Model

+ Smart Rugged Metal Housing

L] Em-miy Low Power Consumption

+ CCD Area Image Sensor for Lon,
« Built-In Electronic Auto Iris for
+ No Blooming, No Burning

* 0.1 Min Lux Illumination (B&W), 1 Lux Min Lux Ilumination (color)

VMBLT1020 B&W, 2l mm(D)x55mm(L) ‘49, “any qty.

VMBLT1020W B&W Weatherproof , 2| mm(D)x58.5mm(L) ‘69." any qw

VMBLTJC19BW COLOR! Weatherproof, | Tmm(D)x88mm(L) $109.%an
WDB-5007S Powerful night vision camera(56 IR LEDS) \le) 00 ($139.00/

Bullet CCD Cameras

Detailed Specs on the Web
Camera Life

uto Light Compensation

COLOR CCD Mini Board Cameras

Low Power Consumption

1 Lux lllumination

Built-In Electronic Auto Iris for Auto
Light Compensation

Internal Synchronization

12Volts

400 TV Lines

VM3010PA 33mmx33mmx|8mm, Pinhole lens with audio *99.%any gty.
VM3010-A 33mmx33mmx32Zmm, Standard lens with audio *99."any qty.

Detailed Specs
on the Web

.

e

&

new!X  DC to AC Power Inverters !
150 watt up to 3000 watt models!

modified sine wave:529.95(G-12-0158)Check Our Low Prices!
maodified sine wave:$39.95 (G-12-030) £

pure sine wave:S69.00(G-12-1508)
300w pure sine wave:5109.00(G-12-3008)
800w modified sine wave:$139.00(G-12-800)
1000w modified sine wave:5179.00(G-12-100)
3000w modifed sine wave(phase corrected),
(G-12-300) $489.00

See Our web site for DETAILED Specs.!

150w
300w
150w

G-12-030 300w

Our Most Sophisticated DMM We Sold Over 800 Last Year!
with RS-232 Interface & Software, 3-3/4 Digit, 4000 Count,
Auto-Ranging with Analog Bargraph

. - K Type Temperature Probe Included
i E‘:&”f;::::ﬂ Counter * Pulse Signal for Logic & Audible Test
« Thvo Mode with Alarm, Clock; | Condnuiny/Diode Test

* Logic Test
and Stop Watch = . .
« Dual Display Auto Pawer OFF/"Keep ON" Mode

= Fused 20A Input with Warning More Delails

= 10 Location Memory on our

-« Min, Max,Avg and Relative g Pt e Web Sife
Mode

* Decibel Measurement LA o uar s PROTEK 506

* Safety Design UL1744 & VDE-041 1
* Protective Holster
+ Silicon Test Leads

CIRCUIT SPECIALISTS, INC. zz0 s. country Club Dr.,

+ Cap and Ind. Measurement
* Temperature Mode (C/F)

$129.00 ea. qty 10

+ 12V Regulated Power Supply Required (120mA typical
power consumption)

+ 0.1 LUX Rating (B/W), 1 LUX (color]

+ CCD Area Image Sensor for Long

+ Back Light Compensation Circuit

+ Built-In Electronic Auto Iris Lens

amera Life

VMCW-H11A 32mmx32mmx30mm, Color CCD with standard lens, pre-
wired cabling for videolaudio, 12V DC Power ' 109.77/ 99 %5 or more

VMCW-H12A 32mmx32mmx|19mm, Color CCD with pinhole lens, pre-wired
cabling for video/audio, | 2V DC Power Input ' 109.%°/*99 95 or more

VMPS-T18A 25mmx25mmx30mm, B/W CCD with standard lens, pre-wired
cabling for video/audio, | 2V DC Power Input '49.% / *45 %75 or more

VMPS-250A 25mmx25mmx| Smm, B/W CCD with pinhole lens, pre-wired

. = = g cabling for videolaudio, | 2V DC Power Input *49.% / *45 5 or more
ruﬂn'l-'-f2
¥ Bench l)lglt al \lultlmctc -
w RS2 1)( e A O'Scope Offer
30MHz! ONLY $299! oy
$99.00 ! :
Item#
CSI9803R

*Digital & Analog Display,
3999 counts & 42 segment bar graph.
*Autorange & Manualrange

*DATA HOLD, Min/Max Relative

*Dual Channel

#0OSC-1030

Measurement *Dual Trace

*Storage Data DISPLAY/RECALL «Vert Trigger

*True RMS f AC voltage & current « | Year C.5.I.Warranty!
*Back Light

*ADP Measurement:-400mV-/-3% Includes | oscilloscope probe

*Continuity & Diode test
*Power Source: AC or DC
See details (@ web site

Manufactured for CSI by a leading
0.E.M.manufacturer. See our website
for detailed specifications!

Digital Read Out 3Amp Bench Power ‘supphes P
Available in 0-30 volt & 0-50 volt versions <

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

New!
Lower Prices

Line Regulation: 2x10* +Ima

LED Accuracy: Voltage %1% +2 digits
Current £1.5% +2 digits

Wave Line Noise: <Imvrms

Dimensions: 29Imm x 158mm x |36mm

Q:Q Q:Q

[

CSI3003:0-30v/0-3amp |4 / $89.00
CSI5003:0-50v/0-3amps 1-4 / $109.00

5+/%85.00
5+/%99.00
Bookmark our WEB Site! Many more Power

Supplies are Available. Look Under Test Equipment

Mesa, AZ 85210 800-528-1417/480-464-2485/FAX: 480-464-5824




Selected Titles For The Electronic Hobbyist and Technician —

The NV Hobbyist Bookstore

Robotics

The Robot Builder’s Bonanza
by Gordon McComb

A major revision of
the bestselling "bible"
of amateur robotics
building — packed
with the latest in servo
motor technology,
microcontrolled
robots, remote con- :
trol, Lego Mindstorms Kits, and
other commercial kits. $24.95

Microcontrollers

Handbook Of Microcontrollers
by Myke Predko

This reference is the
first guide to cover all
the most common
types of microcon-
trollers. With its from-
the-bottom-up
approach, this
book/CD-ROM patkage
gives you all the infor-
mation you need to simplify the job of
selecting the right microcontroller and
writing an application for it. $54.95

Programming & Customizing
the 8051 Microcontroller
by Myke Predko

Programming and
Customizing the 8051
Microcontroller puts
you in control of the
8051's architecture and
instruction set — and
even supplies a baker's
dozen of ready-to-build
example applications, gy
programs, and circuits. Best of all, the
included CD-ROM supplies source
code for the book's experiments and
applications. $39.95

PROGRANMING

Programming & Customizing
the HCI | Microcontroller
by Tom Fox

Applications bazaar for
the 68HC11 microcon-
troller. Squeeze every
last drop of power out
of Motorola's wildly
popular family of
68HC11 true 8-bit single it
chip computers! From
basics to complete
applications. $39.95

Programming & Customizing
PICmicro Microcontrollers
2nd Edition

updated and revised
compendium of PIC
programming informa-
tion. Comprehensive
coverage of the
PICMicro’s hardware
architecture and soft-
ware schemes comple-
ment the host of experiments and pro-
jects making this a true, "learn as you
go” tutorial. $49.95

Programming & Customizing
the BASIC Stamp

Microcontroller

by Scott Edwards
This edition moves you
briskly from electronic
foundations through
BASIC Stamp "Boot
Camps" and an intelli-
gent traffic signal simu-
lation to build a robotic
bug with whisker sen-
sors, a time/tempera-
ture display, and a data- Ioggmg ther-
mometer, $39.95

PIC Microcontroller Project
Book
by John lovine

This project-oriented
guide gives you 12 ‘r"‘
complete projects, f
including: using transis-
tors to control DC and
AC motors, DTMF
phone number logger
and distinct ring detec-
tor and router ... home
automation using X-10 communica-
tions ... digital oscilloscope ... simula-
tions of fuzzy logic and neural net-
works ... and many other applications.
$29.95

m(

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

In 1995, Scott
Edwards began
authoring a col-
umn 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 and Volts of
BASIC Stamps is a collection of about
75 of these columns.

$29.95

each

both polumes:

Radio & RF

Secrets of RF Circuit Design
3rd Edition
by Joe Carr

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

Practical Antenna Handbook
4th Edition
by Joe Carr

The most popular book
on antennas ever writ-
ten. This edition blends
“the theoretical con-
cepts that engineers
and others need to
design practical anten-
nas, and the hard-
learned practical
lessons derived from actually building
and using antennas.” $49.95

Handbook of Radio & Wireless
Technology
by Stan Gibilisco

Containing more than
1,000 concise articles,
this one-stop source of
user-friendly insight pro-
vides blanket coverage
of one of the fastest-
growing areas in com-
munications from
antennas and transmis-
sion lines, to analog and digital modu-
lation techniques, to satellite, space,
and laser communications. $44.95

Beginners Handbook of
Amateur Radio 4th Edition
by Clay Laster
The revised edition of
the most trusted guide
in ham radio is here.
This edition delivers all
the guidance you need
— from radio and elec-
tronics fundamentals
needed to set up a
transmitter to the
newest equipment to revisions to the
FCC rules and tests, $34.95

Amateur
Radio

CLAY LASTER

Electronics

Practical Electronics For
Inventors
by Paul Scherz

This experiment-orient-
ed guide is loaded with
over 750 hand-drawn
images that support
author Paul Scherz's
crystal-clear, fully
detailed instructions,
showing you how to
turn theoretical ideas
into real-life gadgets. $39.95

Encyclopedia of Electronic

Circuits Vol. 7

by Rudy Graff
Designed for quick ref-
erence and on-the-job
use, the Encyclopedia
of Electronic Circuits,
Volume 7, puts over
1,000 state-of-the-art
electronic and integrat-
ed circuit designs at
your fingertips. This col-
lection includes the latest designs from
industry giants such as Advanced
Micro Devices, Motorola, Teledyne, GE,
and others, as well as your favorite
publications, including Nuts & Volts!
$39.95

Guide To Understanding
Electricity & Electronics
by Randy Slone

For the true beginner,
there's no better intro-
duction to electricity
and electronics. You'll
also find 25 complete
projects that enhance |
your electricity/electron- |
ics mastery, including X
15 new to this edition,
and appendices packed with common-
ly used equations, symbols, and sup-
ply sources, §24.95

ELECTRICITY
AND ELECTRONICS

Digital Electronics Guidebook:
With Projects
by Myke Predko

Perfect for electronics
hobbyists and students
— even complete begin-
ners — who want to
understand digital logic
and build their own low-
cost logic circuits.
Featuring more than 20
projects with step-by-
step directions for designing, con-
structing, and interfacing easy-to-do
TTL (Transistor-Transistor Logic) cir-
cuits. $34.95

High Voltage

Homemade Lightning: Creative

Experiments in Electricity

by R.A. Ford

Enter the wide-open
frontier of high-voltage
electrostatics with this
fascinating, experiment-
filled guide, You'll dis-
cover how to make your
own equipment, how
electricity is used in
healing, and the work-
ings of many experiments in high
potential physics! $24.95

Troubleshooting

Circuit Troubleshooting
Handbook
by John D. Lenk

Heavily illustrated with
diagrams and schemat-
ics, it uses a standard,
easy-to-follow format to
help readers understand
and troubleshoot a wide
range of circuit types,
and provides proven cir-
cuit testing techniques
for all levels of instrumentation.

Lircuit
lrt\ulﬂuhmnnl, P
Handbook i

$39.95 "s
r:e‘stu —

AL mc
'ﬂﬁﬂ%ﬁa

Electronic Troubleshooting
2nd Edition

by Dan Tomal and Neil Widmer
This updated tool gives all the funda-
mentals needed to do successful ser-
vicing and repair work, blending tradi-
tional theory with the very latest
insight into modern electronics tech-
nology. Time-saving tables, charts, and
illustrations pinpoint equipment prob-
lems in a snap. Numerous reference
guides, rules of thumb, and tricks of
the trade all combine to assist in trou-
bleshooting the full spectrum of
devices and products more easily than
ever before. $39.95

Call 1-800-783-4624 tOd&Y! or order online at www.nutsvolts.com we AccepT visA, MASTERCARD, AMERICAN EXPRESS

Prices do not include shipping and may be subject to change. Ask about our 10% subscriber discount on selected titles,
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"mﬁre 15 Microcontroller Application
an en the the Cookbook ($29.95 - #28111)
ks oD MICROCONTROLLER : _
of mp- Ao pdicaliil Popular bestseller includes usable BASIC
B Aslc Sta ) Stamp code snippets for many sensors,
motors, 1/0 buffering and high voltage.
Microcontroller Projects
StampWorks Using the BASIC Stamp
($49 - #27220) ($44.95 - #27952)

Second edition features
BS2p examples, motor

Includes 31 experiments for
the NX-1000 board and the %

entire BASIC Stamp Manual. control section and well-
designed PBASIC reference.
Build Your Own ”E“I n & ; = @ Programming and
Combat Robot A ¥ A Customizing the
($25 - #28166) [ ooRN\h:leG BASIC Stamp
Essentials of combat Nt AT“HDECBUAREE(E“E‘}TA];P (534.95 - #27956)

robot construction,
motors, micrcontrollers

Second edition features
new chapter on the

and contents. BASIC Stamp 2sx,
functional introduction
Tiits & volts X,’Lﬁs & to BASIC Stamps and
Nuts and Volts of BASIC Stamps BA : *BAsjg Yolts assorted applications.

($49 for both - #28163/28164) ;
75 BASIC Stamp applications as ; e T Fi
published in Nuts and Volts Magazine. : g
Everything from motors to modems and
LCDs and Visual BASIC.

BASIC Stamp and the Parallax logo are
registered trademarks of Parallax, Inc.

Microcontroller Cookbook Matt Gilliland 248 2001

Microcontroller Projects Al Williams 407 2002

Programming and Customizing... Scott Edwards 330 2001

MNuts & Volts of BASIC Stamps Edwards/Glazner/Williams 968 2001

Build Your Own Combat Robot Miles/Carroll 350 2002

StampWorks Manual Parallax, Inc. 505 2001
By Y. 7 To order visit waw. p.u':.xﬂa.m!: com or call twl-fres
Y & B _f‘ /\ r] i the U.S.) 282-513-1024 (#-F, 7 aany - 5 pas, PST)
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